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1. GENERAL DESCRIPTION

~XHAUST STACK

13. FRONT RIGID AXLE

L... -- ....."" '" - MM_' 11,4QD rractor looder ___'

The Model TL-30D Diesel Tractor Loa"-'t'(effecti".
with Serial No. 103) is a 28,400 povrrd. (with
standard bucket) four-wheel drive loocJer 1J"lt,
powered with a 6-cylinder, turbochato@ diesef
engine.

two dump cylinders, and the necessary hydraulk
lines.

Th.re are no exposed hoses or fittings IckQ!e~Jn,
or around the operator's compertment. 'th~.hy~ _ -
dtoulic tank, located behind the operatQ.r's"'~m- _ ~.,.
partment, provides a mount for the' cd'ntfQf~~IV~; " ,,'
and incorporates the necessary 'ttlbing' a~4'·sCif~ty· "
valves. Short external pressure hoses:Q'n'e.oth _~id~_
of the operator's compartment cariy"oif to 'th~ lift "
and dump cylinders.

The design of the tractor loader provide.s" t9P,
visibility, strength, and servicing accessibility. The

The transmission provides 3 forward speeds and'
3 reverse speeds ranging from 4.3 M.P.H. in low
gear to30M.P.H. in high gear at the rated engine
speed of 2200 R.P.M. (governed full load).

Operation of the loader is accomplished hydrau
licalty by the transmission mounted pump, a control
valve witb two control levers, two lift cylinders,
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main frames are mounted to the axles with heat
treated pins. The rear stabilizer shroud and the
heavy steel seat frame are welded together with
side braces to provide a rigid box construction.
'Thts provides a mount- for the' b'~o~, the hydraulic
cylinders, and other loader linkage. The boom
assembly, made of heavy steel plates, gives added
assurance of long life at heavy duty work.

The levers, pedals, gauges, etc., are we" situated
in the operator's compartment so that full control
of the tractor loader can be maintained at a" times.

Standard equipment includes: lift and dump cyl-

inders with chrome plated piston rods; cast cowl
and steel prates around the operator; heavy duty
bumper; drawbar; torque converter and power
shift transmission; air brakes and mecha~1
parking brake; power-booster steering; electric
starter; lights and horn; oil bath air cleaner; oil
filter, an,d hour meter.

Optionc] equipment includes: a heater, operator's
cab, special tire equipment.

Special equipment includes: Lift Fork, Cranehook,
Back Fi"er .~Iade, -Ripper, Lift Tongs, and Bucket
Teeth. "
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2. GENERAL SPECIFICATIONS

GENERAL DIMENSIONS AND WEIGHT:
Weight, Shipping (Approximate) 28,400 lbs. V

Front' Wheels 13,325 lbs.
Rear Wheels 15,075 lbs.

Overall Width (Wheel Hubs) 8' 5!1"
Overall Height with Bucket Down (or to Top of Frame) 7' 8!1"
Overall length with Cutting Edge level on Ground 19'3%"
Ground Clearance l ' 7!1"
Drawbar Height ..................................................................•.......... 2' 6"

GENERAL PURPOSE BUCKET (Standard): Published
Capacity (Cubic Yards) 3
Published Capacity "SAE Rating (Nominal Heaped)" Average Volume

of Common Earth Handled Per Bucket load
Maximum Bucket Tip Back 660
Maximum Dumping Angle (Controllable in Ai! Bucket Positions)

At Maximum Reise 510
At Ground level 1090

Carry Capacity up to 10,500 lbs.
Maximum lifting Capacity up to 25,000 lbs.
Breakout Force 28,000 lbs.
lifting Time 8.5
lowering Time ,... 6.0

HYDRAULIC SYSTEM:
Transmission Mounted Pump G.P.M. at 2200 R.P.M. 63 G.P.M.
Capacity, Hydraulic System - Gallons (Approximate) 34 Gal.
lift Cylinders (2) "Double Acting" 6" Dia. '--"

(For Down Pressure)
Dump Cylinders :.................................. (2) "Double Acting" 5!1" Dia.

(For Controlled Dump and Quick Return)
Oil Reservoir ........•..................................................... Tank Behind Operator's Seat
Type of Filters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Micronic and Full Flow
Control Valve Four Positions - Raise, Hold, lower, and Float

TIRE AND TREAD:
Tread, Front and Rear Wheels 6' 10"
Tires (Tubeless), Front and Rear . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 18.00 x 25 _ 12 Ply
Tire Pressure 40 P.S.I.
Wheel lug Nut Torque 300 _ 350 lbs. Ft.

ENGINE:
Make Allis-Chalmers
Model 11000
Type - Vertical In-line, Compression Ignition, Water Cooled, Four Cycle,

Direct Injection, Turbocharged . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Full Diesel
Number of Cylinders 6
Bore '" '" 4K/'
Stroke 5'K6"
Crankshaft Rotation (When Viewed from Fan End) Clockwise
Number of Main Bearings 7
Piston Displacement 516.17
Firing Order 1 _ 5 _ 3 _6 _ 2 _ 4
lubrication ............................................................................ Full Pressure
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GENERAL SPECIFICATIONS - Continued

ENGINE- Continued
Fuel Used See Fuel Specifications
Fuel Supplied By "American Bosch" Fuel Injection Pump
Low Idle Speed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 600 R.P.M.
High Idle Speed 237~-2425 R.P.M.
Rated R.P.M. (Governed at Full Load) 2200 R.P.M.
Air Cleaner : Oil Bath
Oil Filter Full Flow
Electrical System 24 Volt

TURNING RADIUS:
Tip of Bucket (at 14" Carry Position) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27' 5"
Outer Steering Wheel (Measured at Hub) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 28' 1%"

CAPACITIES(Approximate) (U. S. Standard Measure):
Cooling System .
Crankcase .
Air Cleaner .
Transmission and Converter .
Differential Front

Rear

Steering Gear .
Fuel Tank .

Rear

36 Qts.
23 Qts.
9}2 Pts.
8}2 Gals.
8 Gals.
5 Gals.
1 Gal.

2}2 Qts.
1}2 Lbs.
39 Gals.

Planetary Hubs ................................................................. Front

SPEEDS(M.P.H. at Rated Engine Speed):
1st 0 _ 4.3
2nd 0 _ 11.5
3rd ...................................................................................... o - 30.0

0-4.3
o - 11.5
o - 30.0

1st Reverse...................................... .
2nd Reverse .
3rd Reverse .

The Allis-Chalmers Manufacturing Company reserves the right to make changes in the
above specifications or to add improvements at any time without notice or obligation.
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3. SPECIFICATIONS OF LUBRICANTS

A. Engine Crankcase Lubricant

USF.AN O:L OF ';IGH QUALITY,MANUFACTURED
BY A DEPENDABLE OIL COMPANY WHO HAS
ESTABLISHED A REPUTAnON FOR QUALITY
PRODUCTS, AND WHOSE SUCCESS DEPENDS
UPON MA!NTA[i~lNG SUCH QUALITY.

Use oils of the following viscositlcs.

Atmospheric
Temperature Viscosity

-- - -
90° F. and above Use SAE 40

32° F. to 90° F. Use SAE 30

0° F. to 32° F. Use SAE 20W

0° F. and below Use SAE lOW
'--

The manufacturer recommends that only an oil
meeting the American Petroleum Institute (A.P.I.)
Diesel clcssiflcction of "Service OS" be used. This
oil is frequently referred to in the field as "Series 3"
lubricating oil. The "Service OS" will provide the
turbocharged engine of the TL-30D Tractor Loader
with satisfactory lubrication under all operating
conditions. It will also supply the necessary pro
tection when using a fuel that tends to promote
deposits or wear. This oil contains additives to
promote cleanliness within the engine by helping to
prevent the formation of sludge, hard carbon and
"varhish" deposits on, or within, engine parts.
NOTE: If the "Service DS" oil is not available
through your oii distributor in the various viscosities
recommended above, use oil of the viscosity recom
mended by the particular oil distributor and/or
supplier.

Detergent type oils will become darker in color
within a short period of operation. The darkening
of the oil is due to minute particles of carbon being
suspended in the oil. One of the primary functions
of a detergent type oil is to hold the carbon par
ticles in suspension, therefore, darkening of the oil
is normal and should not cause concern.

Suppliers of lubricants recognize the importance
of the qualities required for use in our equipment

and they are cooperating fully to assure the use of
only those oils which fulfill these requirements. The
source of supply of the lubricant used is to be held
responsible for the results obtained from their
products.

Proper operation and maintenance of the engine
are necessary to obtain the desired results from
the lubricating oil.

For additional information regarding engine lubri
cating oil, contact your "Allis-Chalmers" Dealer.

B. Air Cleaner

Use the same viscosity oil in the air cleaner oil cup
as used in the engine crankcase. CAUTION: Do not
use an oil that foams.

C. Transmission and Converter Lubricant

Lubricate these assemblies with a good grade of
transmission fluid type "C-1" oil purchased from a
reputable oil company.

D. Axle Lubricant

Both the differential and the planetary hubs use
multipurpose (E.P. type) gear oil of the following
viscosities:

Atmospheric
Temperature Viscosity

Above 32° F. Use SAE 140

32° F. and below Use SAE 90

E. Pressure Gun Lubricant

Use a ball and roller bearing lubricant with a
minimum melting point of 3000 F. This lubricant
should have a viscosity range so as to assure easy
handling in the lubricating gun at the prevail:ng
atmospheric temperature, and MUST be water
proof.
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F. Hydraulic System Lubricant

A good grade of rust inhibiting hydraulic oil having
a viscosity of 210-225 S.U.S. at 100° F. or a good
quality SAE lOW engine crankcase oil is recom
mended for use in the hydraulic system. NOTE: Do
not use an oil that foams.

No specific brand of oil is recommended. Use

only products qualified under the above viscosity
specification and recommended by reputable oil
companies.

G. Fuel Injeetlen Pump and Governor
Lubricant

The fuel injection pump and governo~ are lubri
cated from the engine lubrication system.

4. SPECIFICATIONS OF FUEL

The "Diesel" fuel should be a natural distillate
petroleum oil and must have certain qualities in
order to ignite and burn at the proper rate and
temperature. Field experience has shown that the
fuel best suited for this engine closely approxi
mates the following specifications:

Gravity API 30 - 35
Viscosity Saybolt Universal at

100° F 35 - 40
Flash Point 150° F.
Diesel Index 48.5 to 65.5
Cetane Number ., 46 to 60
Pour Point 0° F.
Volatility 90% 650° F. Max.
End Point 98%

Summer 700° F. Max.
Winter 600° F. Preferable

Sediment and Water Trace
Ash .02 of 1% Max.
Conradson Carbon . . . . . . .. .03 of 1% Max.
Sulphur .... . . . . . . . . . . . .. Y2 of 1% Max.

For satisfactory fuel flow through lines and filters
in cold weather, the pour point of the fuel must be
at least 10° F. below the prevailing atmospheric
temperature.

The API gravity of a fuel varies with its specific
gravity. The low API fuels are desirable because
they have a high specific gravity and more heat
units per gallon. However, the higher API gr~vity,
the better will be the ignition quality of the fuel.

The ignition quality of a fuel is expressed as a
"Cetane number." The higher the cetane number,

the higher the quality of the fuel. The higher cetane
fuel shortens the ignition delay period to facilitate
starting and improve combustion. The "Diesel"
index number which is a close approximation of
the cetane number, is a field method to represent
ignition quality.

The distillation 90% point and the end point are
important. High volatility is required to enable
complete vaporization of the fuel, clean combus
tion, and low residue formation.

The flash point of a fuel has no quality significance,
but is important with respect to safety in storage
and handling of the fuel.

It is important that the fuel be within the specified
limits for ash, carbon, water, and sediment content,
etc., to prevent excessive wear and damage to
engine parts.

It is also important that the fuel has lubricating
properties so that the fuel injection pump and fuel
injection nozzles are adequately lubricated. At
times it may be necessary to use fuel with no lubri
cating properties. If this occasion arises, add one
quart of SAE 10 engine oil to every 10 gallons of
fuel. When the proper fuel is again available, the
fuel system must be drained before the proper fuel
is added. CAUTION: The sulphur content of "Diesel"
fuel should be as low as possible. The fuel should
not contain a sulphur content of more than Y2 of 1%.

Generally speaking, a No. 2 "Diesel" fuel pur
chased from a reputable oil company will meet
the above specifications.
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5. FUEL STORAGE

The importance of proper storage of fuel cannot
be too strongly stressed. Storage tanks, drums or
service tanks must be free from rust, scale, sed.ment
or any other foreign matter which will contaminate
the fuel. Contaminated fuel will clog the engine
fuel filters and eventually damage the fuel in
jection pump and the fuel injection nozzles.

A portable storage tank provides the best method
for storing fuel on the job. In such a tank, the sedi
ment and water can easily be drained and the fuel
can be pumped into the tractor fuel tank with a
minimum of handling. Consult your nearest "Allis
Chalmers" Dealer for details about this type of
storage tank. Since condensation will occur in the
storage tank, it is very important that a sediment
sump be provided in the bottom of the tank so that
water and sediment can be drained daily.

Fuel should be allowed to settle at least 48 hours
in a storage container before it is added to the fuel

tank of the tractor. It is advisable to use a pump
and draw the fuel from the storage tank or barrel,
rather than to drain it from the bottom of the fuel \..-I
container. Where conditions are such that drums
must be used to supply fuel, it is advisable to have
enough drums to cllow sufficient time for the fuel to
settle. The fuel thus left in a number of drums can
be collected into one drum and used after the usual
time allowed for settling" In this manner, the sedi-
ment and foreign matter will be disposed of and
no fuel will be wasted. Whenever drums are used
for fuel storage, they should be covered or placed
under shelter so that the fuel will not become con
Taminated by water, which will enter through the
filler plugs when it rains, even though the plugs
are tight.

The fuel tank of the tractor should be filled at the
end of the day's run rather than at the storh this
will reduce the water content, as a full tank is
less subject to condensation.
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6. TRANSMISSION, ENGINE AND LOADER SERIAL NUMBERS

On all parts orders and in all correspondence
relative to the loader, it is necessary that the loader
model and serial number be given. All major com
ponents of the loader (such as engine, transmission,
hydraulic pump, hydraulic control valve, power
steering pump, and front and rear axles), have
serial numbers which should also be given to prop
erly identify the unit and component. These will
assure obtaining the correct replacement parts.

The loader serial number is located on the name
plate attached to the left rear face of the seat
frame in the operator's compartment as shown
in Fig. 3.

The engine serial number is located on the name
plate on the right side of the engine block as shown
in Fig. 4.

The transmission serial number is located on a
nameplate on the left side of the housing as shown
in Fig. 5.

1. TRANSMISSION SERIAL NUMBER

'-- __ Fig. 5 - Transmission Serial Number __ ~
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1. DESCRIPTION OF SYSTEM

1. ENGINE r 2. FUEL INJECTION PUMP

5. FIRSTSTAGE FUELFILTER3. SECOND STAGE FUELFILTER

4. FUELTRANSFERPUMP

A. General

The engine fuel system consists of a fuel tank, first
stage fuel filter, fuel supply pump, second stage
fuel filter, fuel injection pump, fuel injection nozzle
holder assemblies, and the fuel lines. There are two
fuel pressure systems: the low pressure systemand
the high pressure system.

The lower pressure systemconsistsof the fuel tank,
first stage fuel filter, fuel supply pump, second

6. FUEL
TANK-

7. FUELRETURNLINE

L- Fig. J - Fuel Flow - Schematic Diagram ---'

8. FUELPRESSURERELIEFVALVE

stage fuel filter, fuel return manifold, and the fuel
return line leading from the fuel pressure relief
valve of the fuel injection pump to a passage in the
fuel filter head and then to the fuel tank. A pressure
of 5 to 15 P.S.I. is maintained between the fuel
supply pump in the secondary filter and the pump
inlet chamber of the fuel pressure relief valve in
stalled in the fuel return outlet of the fuel injection
pump.

The high pressure system consists of the fuel 10-
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jection pump, fuel injection nozzle-holder assem
blies, and fuel injection lines connecting the fuel
injection pump to the fuel nozzle-holders. The fuel
injection lines are seamless steel tubing and each
line is the same length. These lines being the same
length assures the proper timing and the proper
amount of fuel to each fuel injection nozzle. These
lines are not interchangeable; when ordering lines
for replacement, specify for which cylinder the line
is ordered.

The fuel is drawn from the fuel tank, through the
first stage fuel filter, by the fuel supply pump. The
fuel is then forced by the supply pump, through
the second stage fuel filter and to the fuel injection
pump. The amount of fuel required for combustion
is forced under high pressure by the fuel injection
pump, through the fuel injection lines to the fuel
injection nozzles, from which the fuel enters the
engine combustion chambers.

The function of the fuel injection nozzles is to direct
the metered quantity of fuel, received from the fuel
injection pump, into the engine combustion cham
bers in a definite spray pattern consisting of six
cone-shaped sprays and in such a manner as to
produce the most efficient engine performance. The
valve of each fuel injection nozzle is operated
hydraulically by the pressure of the fuel delivered
by the fuel injection pump.

There is a certain amount of fuel seepage between
the lapped surfaces of each fuel injection nozzle
valve and its body, which is necessary for lubrica
tion. This leakage of fuel accumulates around the
spindle and in the spring compartment of each fuel
injection nozzle holder and is returned througli the
fuel return manifold to the fuel return line, extend-
ing to the fuel tank. The excess fuel delivered to the ~
fuel injection pump by the fuel supply pump is also iii
returned to the fuel tank through a fuel return line.

B. Fuel Injection Pump, Governor, and
Fuel Supply Pump

1. Description

The engine is equipped with an "American Bosch"
(Type PSB) heavy-duty fuel injection pump having
a mechanical-centrifugal type internal spring gov
ernor. The fuel pump is of the constant stroke, multi
outlet, single and distributing-plunger, sleeve con
trol type, the plunger being actuated by a cam and
tappet arrangement which also carries the gearing
for the distribution function. The fuel injection pump
incorporates a "low volume" hydraulic head and
many new features to satisfy Allis-Chalmers' engine
requirements to provide long service life and im
proved engine operation. The delivery valve is lo
cated in a horizontal position in the side of the
hydraulic head resulting in a marked reduction in

I I

1. OUTLET PASSAGE

9. INLET PASSAGE

3. CAPSCREW
I

12. PLUNGER DRIVE GEAR

11. GEAR RETAINING COVER

7. PLUNGER SPRING

'--- Fig. 2 - Fuel Iniection Pump Hydraulic "Low ----- ---..l

Volume" Head - Sectional Views
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the volume of fuel under high pressure within the
head. The plunger rides on a thrust button of
thorough-hardened, ball-bearing steel that has
been lop-fitted to the plunger knob to provide long
life. The tappet and roller assembly utilizes a 25
mm. diameter roller on a full floating, ground and
lapped pin. The camshaft is forged of SAE 8620
steel, induction hardened and ground.

The pump's purpose is to meter the fuel accurately
and deliver it precisely at a definite moment in
the engine cycle and under high pressure to the
fuel injection nozzles.

The fuel injection pump is driven at crankshaft
speed by the pump drive gear in mesh with the
engine camshaft gear.

The governor is of the mechanical-centrifugal type
and is attached to the rear of the fuel injection
pump as an integral unit. The governor is driven
directly from the end of the fuel injection pump
camshaft. The purpose of the governor is to serve
as a means for pre-setting and maintaining within
close regulation any desired engine speed within
nomina! idling and nominal maximum speed range,
irrespective of engine load. The governor olso con
trols the engine idling speed to prevent stalling
and the maximum speed to prevent racing.

L.. Fig. 3 - Representative Fuel Iniecfion Pump ---J

Pumping Cycles

FUEL
SUPPLY
INTAKE

CONTROL
SLEEVE
PLUNGER

A
FUEL INTAKE

(Ports open and delivery
valve closed)

DELIVERY VALVE
ASSEMBLY

B
START OF FUEL DELIVERY
(Ports closed and delivery

valve opening)

The positive displacement, gear-type fuel supply
pump is attached to the right side of the fuel in
jection pump as an integral unit and is driven from
the distributor drive gear of the fuel injection pump l !I

camshaft (the distributor drive gear is an integral '-'
part of the fuel injection pump camshaft). The pur-
pose of the fuel supply pump is to supply fuel under
low pressure to the fuel sump of the fuel injection
pump, where the fuel is then forced under high
pressure by the fuel injection pump to the fuel
injection nozzles.

The fuel injection pump and governor assembly
receives lubrication from the engine lubricating
system.

2. Operation

a. Pumping

Fuel from the fuel supply pump passes
through the second stage fuel filter. It enters
the fuel sump of the fuel injection pump,
and fills, through two intake ports in the
upper bore, that portion of the barrel cavity
between the top of the fuel injection pump
plunger and the bottom of the delivery V
valve, when the plunger is at the bottom of
its stroke (A - Fig. 3). As the rotating

C
DELIVERY OF FUEL

(Ports closed and delivery
valve open)

D
END OF FUEL DELIVERY
(Ports and delivery valve

closed and spill annulus open)
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plunger moves upward in its stroke under
cam action, it passes and closes the intake
ports, trapping and compressing the fuel.
The fuel under pressure opens the spring
loaded delivery valve located in the side of
the hydraulic head of the fuel injection
pump. As the plunger continues its upward
stroke, the fuel which is forced through the
delivery valve is conveyed through the com
municating ducts. It is then delivered to the
annulus in the plunger and then fhrough
the vertical distributing slot on the plunger
to the outlet duct (with which the distribut
ing slot is then registering as the plunger
rotates, 6 and C - Fig. 3). After sufficient
upward movement of the plunger, its lower
annulus passes the edge of the control
sleeve and the fuel, under pressure, escapes
down the vertical hole in the center of the
plunger and into the sump of the control
sleeve, which is at fuel supply pressure (0-
Fig. 3). With the decrease of the pressure
beneath it, the valve closes and the piston
portion of the valve blocks the passage be
fore the valve can reduce the pressure in
the discharge system. This is the end of the
pumping cycle.

b. Metering and Control

The quantity of fuel delivered per stroke is
governed by variation of the position of the

control sleeve in relation to the fixed port
closing position (the point at which the top
of the plunger covers the intake ports). This
occurs because as the spill annulus on the
plunger breaks over the top edge of the
control sleeve, pumping pressure is relieved
down through the center hole of the
plunger. It then flows out into the sump sur
rounding the control sleeve, and delivery
terminates despite the continued upwards
movement of the plunger.

If the control sleeve position is raised, the
spill annulus on the plunger remains cov
ered by the sleeve until relatively late in the
plunger stroke, hence the effective fuel de
livery stroke of the plunger is longer and
more fuel is delivered (A - Fig. 4). If the
control sleeve position is lowered, the spill
annulus on the plunger is uncovered by the
sleeve relatively sooner in the plunger
stroke. Hence, the effective fuel delivery
stroke of the plunger is shorter and less fuel
is delivered (6 - Fig. 4). The position of the
control sleeve is controlled by the governor
movement transmitted by an internal con
trol rod connecting the fulcrum lever of the
governor to the sleeve control lever of the
fuel injection pump.

When the control sleeve is lowered to its
extreme point (C - Fig. 4), the spill annulus

PLUNGER
FUEL SUPPLY

INTAKE

DUCT TO
HIGH-PRESSURE --IloNa

OUTLET

A
MAXIMUM FUEL DELIVERY

B
NORMAL FUEL DELIVERYn

~I-
I,.~

FUEL SUPPLY OVERFLOW

~/
HIGH-PRESSURE

~-- DUCT FROM
DELIVERY VALVE

C
NO FUEL DELIVERY

(SHUT-OFF POSITION)

'-- Fig. 4 - Fuel Injection Pump Control .....
Sleeve Positions
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on the plunger is uncovered by the top edge
of the sleeve before the upper end of the
plunger can cover the intake ports. Under
this condition, no pressure can build up
even after the ports are closed, hence no
fuel can be delivered by the plunger. This
is the fuel shut-off position.

3. Service

In most cases, malfunctioning of the fuel injection
equipment is the direct result of dirty fuel. Dirt in
the fuel causes rapid wear on the precision parts,
particularly the plunger, hydraulic head, control
sleeve, delivery valves and seats, and the fuel in
jection nozzle valves and valve bodies. Therefore,
extreme care should be exercised in the storage
and handling of fuel to prevent the entrance of
dirt, water, and abrasive particles. Any water or
sediment should be drained from the fuel filters

daily and the fuel filter elements must be changed
after every 500 hours of operation (more often if
conditions warrant).

As the fuel injection pump and governor assembly
receive lubrication from the engine lubricating
system, it is important that the engine lubricating
oil and the lubricating oil filter be changed after
every 100 hours of operation.

"Allis-Chalmers" Construction Machinery Dealers
are equipped with Fuel Injection Pump Calibrating
and Test Stands and the special tools required to
test, adjust, and repair the fuel injection pump and
governor assembly. Therefore, if at any time the
fuel injection pump and governor assembly re
quire repairs or adjustments, the assembly should
be removed and taken to your nearest "Allis
Chalmers" Construction Machinery Dealer.

2. CHECKING OF SYSTEM

A. General

"Missing" or uneven running of the engine, ex
cessive vibration, stalling when idling, and loss of
power are indications of insufficient fuel supply to
the engine. Before performing any of the following
checks, be certain that there is an ample supply
of clean fuel in the fuel tank and that the tank
shut-off cock is completely open.

B. Check for Admission of Air Into System
loosen the vent screw (Fig. 5) located in the top of
the second stage fuel filter shell retaining nut.
Crc.nk the engine with the starter. If fuel containing
bubbles flows from around the vent screw, this indi
cates that air is being drawn into the system on the
suction side of the fuel supply pump. Correct this
condition by tightening any loose low pressure fuel
line connections, first stage fuel filter connections,
and the first stage fuel filter shell retaining nut
(Fig. 5).

C. Check for Clogged Fuel Filters and
Clogged or Collapsed Fuel Lines

VENTSCREW~

FILTERMOUNTING BRACKETr(_ =::IIoCOPPERWASHERS

;~ ~Ll RETAINING
,·····~NUTS

~ _ D_ ~. '" GASKETS
~ I, ~FILTER HEAD
'00' I' 0 Ie&....I ,I ~,

L- __ Fig. 5 - First Stage and SecondStage __ ---,
Fuel Filter Details

fuel is not obtained from around the loosened vent
screw, this indicates a clogged or collapsed fuel
line or a clogged first or second stage fuel filter
element. If this condition exists, examine the filter
elements for a clogged condition and replace
the element(s).
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Loosen the vent screw (Fig. 5) in the top of the
second stage fuel filter shell retaining nut and
crank the engine with the starter. If a full flow of



D. Check for Inoperative Fuel Pressure
Relief Valve or Inoperative Fuel
Supply Pump

The positive-displacement gear type fuel supply
pump has a relief valve set for 30 P.S.I. and should
deliver more fuel to the fuel sump of the fuel in
jection pump than is required for engine operation.
The fuel pressure relief valve connected into the
fuel return passage of the fuel injection pump,
controls the maximum fuel pressure within the fuel
sump of the injection pump. When the fuel pressure
within the fuel sump of the injection pump exceeds
15 P.S.I., the fuel pressure relief valve opens and
allows the excess fuel to return to the fuel tank
through the fuel return hose and the fuel lines.
Check for an inoperative fuel pressure relief valve
or an inoperative fuel supply pump as follows:

n

1. Connect a fuel pressure gauge into the
pressure side of the filter head Fig. 5. Start
the engine and operate at approximately
one-half throttle. Observe the fuel pressure
gauge. The gauge should indicate a pres
sure of 5 to 15 P.S.I. If the gauge indicates
a pressure below 5 P.S.I., stop the engine
and disconnect the end of the fuel return
hose from the front end of the filter head.

2. Start the engine and operate at approxi
mately one-half throttle. If the gauge indi
cates a pressure below 5 P.S.I. and a full
flow of fuel is observed from the end of the
fuel return hose, this indicates that the
relief valve is stuck in the open position and
the valve must be replaced as a unit. How
ever, if the gauge indicates a pressure be
low 5 P.S.I. and little or no fuel is observed
from the fuel return hose, this indicates an
inoperative fuel supply pump and the pump
must be removed, inspected, and replaced
as a unit if necessary.

3. If a pressur~ above 18 P.S.I. is indicated
by the gauge, the fuel pressure relief valve
is inoperative and must be replaced as a
unit.

4. Stop the engine and connect the fuel return
hose.

E. Check for Inoperative Fuel Injeetlen
Nozzle-Holder Assemblies

"Missing" or uneven running of the engine and loss
of power indicates malfunctioning fuel injection
nozzle holders, nozzles, or both. Locate the mal
functioning fuel injection nozzle-holder assemblies
as follows:

Thoroughly wash and clean the exterior of the
fuel injection nozzle holders, injection lines, and
the line connections. Run the engine at low idle
speed and "cut-out" each fuel injection nozzle
holder in turn by loosening the fuel injection line
nut attaching the fuel injection line to its corre
sponding fuel injection nozzle-holder. CAUTION:
Keep hands away from the loosened nuts while
performing this test. A decrease in engine speed
with the injection line nut loosened, indicates that
the fuel injection nozzle-holder for that cylinder is
functioning properly. If the engine speed does not
decrease, the fuel injection nozzle-holder is mal
functioning and must be removed, tested, adjusted
and cleaned if necessary (refer to Topic 4 in this
Section).

F. Check for Inoperative Fuel lnjeetlen
Pump

Do not replace the fuel injection pump before
making a compression test.

The compression test eliminates the possibility of
burned or stuck valves, worn or scored pistons and
sleeves, worn or stuck rings, etc., to be causing the
improper engine operation.

If all the causes for insufficient fuel supply have
been eliminated, and the engine still runs unevenly
and normal engine performance is not obtained,
the fuel injection pump will be considered at fault
and should be replaced. The "faulty" fuel injection
pump (with governor) should be taken to your
nearest "Allis-Chalmers" Dealer for repairs and
testing.
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3. FUEL FILTERS

A. First Stage and Second Stage
Fuel Filters

1. Description

The first stage and the second stage fuel filters
(Fig. 5) each contain a replacement type element.
Sediment is collected by the first stage fuel filter
and is prevented from entering the fuel supply
pump. Any sediment passing through the first stage
fuel filter and the fuel supply pump is collected by
the second stage fuel filter and is prevented from
entering the fuel injection pump. A drain cock is
provided in the bottom of each fuel filter shell for
draining water or sediment that is collected.

The capacities of the filters are such that they
require a change in elements both at the same time.

2. Service

Open the drain cock in the bottom of each fuel
filter shell daily, before the start of the day's
operation in warm weather or shortly after the end
of the day's operation in freezing weather, and
allow water or sediment to drain. Close the drain
cocks as soon as clean fuel runs out. Remove and
discard the filter element in each filter and install
new elements each 500 hours of operation (more
often if conditions warrant), or when the fuel filters
become clogged and a pressure of less than 5 to
8 pounds is indicated by a fuel pressure gauge
connected to the pressure side of the filter head.
Clogged filter elements are usually indicated by
irregular engine performance.

3. Replacement of First Stage and Second
Stage Fuel Filter Elements

a. Close the fuel tank shut-off valve. Thor
oughly clean the filter head and shells.
Loosen the vent screws in the top of the filter
head and the drain cocks in the bottom of
the filter shells and allow the filters to
drain.

b. Loosen the first stage filter shell retaining
nut in the filter head until it is free from
the shell centerbolt and remove the filter
shell from the filter head.
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c. Discard the old filter element and shell
gasket. Thoroughly wash and dry the in-
terior of the filter shell. V

d. Install a new filter element (from the Ele
ment Replacement Kit) and push it down
firmly so that the up-turned edge of the
seat plate, attached to the bottom of
the shell center-belt, is firmly impressed
into the bottom of the filter element.

e. Install a new shell gasket (from the Element
Replacement Kit) in the lip of the shell. Hold
the filter shell under the filter head and
engage the threads of the shell retaining
nut with the shell center-bolt. Then tighten
the hex-retaining nut securely. Close the
filter drain cock.

f. Loosen the second stage filter shell retain
ing nut in the filter head until it is free from
the shell center-bolt. Then remove the filter
shell from the filter head.

g. Discard the filter element, shell gasket,
element plate gasket, and the washer. Re- V
move and save the centering guide, the
spring, and the seat plate.

h. Thoroughly clean the inside of the shell
assembly, the spring., the centering guide,
and the seat plate.

i. Install the spring and the plate gasket
washer in position on the center-bolt, push
ing them down firmly until they are seated.
Install a new element plate gasket (fur
nished with the Element Replacement Kit)
and push it down over the center-bolt until
it contacts the washer. Be sure that the
chamfered side of this gasket is toward
the top of the filter. Place the seat plate
on the center-bolt and push it down until
the gasket and the washer are up inside the
recess in the seat plate. Screw the center
ing guide on the top of the center-bolt.

j. Install the new filter element (from the
Element Replacement Kit) and push it down
firmly so that the upturned edge of the seat



plate (located at the bottom of the center
bolt of the shell assembly) is firmly im
pressed into the bottom of the filter element.

k. Close the filter drain cock and place a new
shell gasket in the lip of the shell. Fill the
shell with CLEAN fuel and hold the shell
assembly against the filter head. Engage
the threads of the shell retaining nut with
the center-bolt and tighten the nut securely.

I. Fill the fuel tank so that the fuel level is
high enough to fill the first stage fuel filter
by gravity. Open the fuel tank shut-off
valve and allow the first stage filter to fill

with fuel. Tighten the filter vent screw when
fuel flows from around the loosened vent
screw.

m. Crank the engine with the starter until fuel
flows from around the loosened second
stage filter vent screw, then tighten the
vent screw. Start the engine and correct
any leaks that are found.

IMPORTANT: Keep the filter parts clean
when changing the fuel filter elements. To
assure maximum protection, replace the
filter elements each 500 hours of operation,
or more often if conditions warrant.

4. FUEL INJECTION NOZZLE-HOLDER ASSEMBLY

A. General

n

Each cylinder of the engine is provided with a multi
hole, differential needle, hydraulically-lifted fuel
injection nozzle-holder assembly. The function of
each fuel injection nozzle-holder is to direct the
metered quantity of fuel, received from the fuel
injection pump, into the corresponding combustion
chamber of the engine in a highly atomized, pre
determined spray pattern, and in such a manner
as to produce the most efficient engine performance.

Each fuel injection nozzle-holder assembly con
sists of two assemblies; the holder assembly and
the nozzle assembly. The holder assembly is used
to hold the nozzle in its correct position in the cyl
inder head and to provide a means of conducting
fuel, received from the fuel injection pump, to the
nozzle. The holder assembly consists of a holder,
spindle, spindle pressure adjusting spring, spring
retainer, pressure adjusting screw, holder cap nut,
and a nozzle retaining nut.

The nozzle consists of a nozzle valve and a nozzle
body in which is located four spray orifices .30MM
in diameter and equally spaced 90° apart. The
nozzle valve is operated hydraulically within
the valve body by fuel delivered under pressure
by the fuel injection pump.

n The nozzle is positioned on the holder by two
dowels (Fig. 6) whereby the four spray orifices are
on a plane parallel to the top of the piston (Fig. 7)

L-__ Fig. 6 - Fuel Injection Nozzle-Holder __ .....I

Assembly - Dowel Location

and the fuel duct in the nozzle is registered with
the fuel duct in the holder.

B. Operation

The metered quantity of fuel under pressure, de
livered by the fuel injection pump, enters the fuel
inlet passage of the nozzle holder, passes through
the holder fuel duct into the nozzle fuel duct, and
then into the pressure chamber above the nozzle
valve seat. At the instant the pressure of the fuel
in the pressure chamber exceeds the pressure ex
erted on the spindle and the nozzle valve by the
spindle spring, the nozzle valve is lifted off its seat
and the fuel is forced through the orifices in the
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FUEL INJECTION
NOZZLE-HOLDER ASSEMBLY

I
COMBUSTION CHAMBER

I PISTON

Fig. 7 - Sectional View - Combustion Chamber

end of the valve body and into the corresponding
combustion chamber of the engine. The nozzle
valve is returned to its seat by the pressure exerted
by the spindle spring, as soon as the fuel injection
pump has ceased to deliver fuel to the nozzle
holder. There is a certain amount of fuel seepage
in the nozzle between the lapped surfaces of each
nozzle valve and valve body, which is necessary
for lubrication. This leakage of fuel accumulates
around the spindle and in the spring compartment
of the nozzle-holder, and is returned through the
fuel return manifold and fuel return line to the fuel
filter head where it is returned to the fuel tank
through the fuel return hose and lines extending
from the filter head to the fuel tank.

c. Service

The fuel injection nozzle-holder assemblies should
be removed after the first 50 to 75 hours of opera
tion, tested for the proper "popping" pressure, and
adjusted if necessary. The test and adjustments
should be made again periodically (after approxi
mately every 2000 hours of operation). The nozzle
holder assembly when properly adjusted should
require a pressure of 2450-2550 PSI to raise the
nozzle valve from its seat. The opening pressure

("popping pressure") is adjustable by means of the
pressure adjusting screw. Turning the adjusting
screw counter-clockwise decreases the opening
pressure; turning the adjusting screw clockwise
increases the opening pressure. NOTE: A special Li
nozzle tester, similar to the one shown in Fig. 9 is
required for testing and adjusting the fuel nozzles.

D. Removal of Fuel Iniection Nozzle
Holder from Engine

1. Thoroughly clean the fuel injection holders
and the surrounding area before removing
them from the cylinder head.

2. Loosen the fuel injection line brackets, dis
connect the fuel return manifold and the
fuel injection line from the nozzle-holder.
CAUTION: Do not bend the line when dis
connecting. Cover the end of the discon
nected line to prevent the entrance of dirt.

3. Remove the two nuts and lockwashers se
curing the nozzle-holder assembly to the
cylinder head. Withdraw the assembly
without marring the tip of the nozzle.

HOLDER
DAPTER

1. N
PU

.u:

Fig. 8 - Removing Fuel Injection Nozzle-Holder
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n
4. If for any reason the nozzle-holder assem

bly is stuck in the cylinder head, a nozzle
holder puller adapter and slide hammer
puller (similar to the ones shown in Fig. 8)
can be used to pull the fuel injection nozzle
holder assemblies.

a. Remove the holder cap nut, turn the
puller adapter onto the holder as
shown. NOTE: Be certain that the puller
adapter is turned onto the holder as far
as possible, then tighten it with a
wrench.

b. Turn the end of the slide hammer into
the puller adapter as shown. Before
pulling the nozzle-holder from the cyl
inder head, bump inward (lightly) on
the holder with the slide hammer to
loosen the nozzle-holder, then pull the
nozzle-holder assembly from the cyl
inder head. CAUTION: Use care when
removing a nozzle-holder assembly to
prevent marring the nozzle tip.

n c. Remove the slide hammer puller and
nozzle-holder puller adapter. Reinstall
the holder cap nut on the holder.

5. If all fuel injection nozzle-holders are to be
removed for inspection, the removal can be
accomplished in a shorter time if the engine
intake manifold is removed from the engine

n
Fig. 9 - Adjusting "Popping" Pressure of

Nozzle-Holder

and the fuel injection lines with their clamps
and brackets are removed as an assembly.

E. Testing and Adiusting of Fuel Iniection
Nozzle-Holders

1. Testing and Adiusting

To properly test and adjust the fuel injection nozzles
for the specified "popping" pressure, a nozzle
tester similar to the one shown in Figure 9 is re
quired. Test and adjust each nozzle-holder as
follows:

a. Bolt the nozzle tester to a work bench or
clamp it in a vise.

b. Turn the valve of the nozzle tester to the
open position. loosen the tester filler cap
to prevent an air lock in the tester. Operate
the tester handle until fuel flows from the
tester fuel line, then close the tester valve.

c. Install the fuel injection nozzle-holder on
the nozzle tester as shown.

d. Open the valve of the nozzle tester. Oper
ate the tester handle a few quick strokes
and observe the "popping" pressure of the
fuel injection nozzle, indicated by the pres
sure gauge of the nozzle tester. The speci
fied "popping" pressure is 2500 PSI plus or
minus 50 PSI. If the specified "popping"
pressure is not obtained, adjustment of the
nozzle is necessary. Adjust as follows:

(1) Remove the nozzle holder cap nut and
loosen the adjusting screw locknut.

(2) While operating the tester handle, turn
the pressure adjusting screw IN to in
crease or OUT to decrease the pressure
as necessary to obtain the specified
"popping" pressure. When the specified
"popping" pressure is obtained, hold
the adjusting screw with a screwdriver
and tighten the adjusting screw locknut
to a torque of 15-18 Ibs. Install and
tighten the nozzle-holder cap nut to a
torque of 26-33 Ibs.
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L- Fig. JO - Nozzle Spray Patterns ---'

ACCEPTABLE SPRAY PATTERN

CAUTION: Always keep hands away
from the nozzle tip when "Popping" a
fuel iniection nozzle because the finely
atomized fuel from the nozzle tip is
eiected with such force that it will pene
trate the skin and may cause blood
poisoning.

e. After adjusting the fuel injection nozzle for
the specified "popping" pressure, test the
nozzle as follows:

(1) Wipe the tip of the nozzle dry and
watch it for about a minute, keeping
the pressure about 200 pounds below
the "popping" pressure. Observe the tip
of the nozzle for fuel leakage. If no
leakage is observed, the valve is seating
properly on the seat in the valve body.
If any fuel leakage is observed at the
tip, the valve is not seating properly
in the valve body and the nozzle MUST
be removed for cleaning and inspection.

(2) If the fuel injection nozzle proved satis
factory when subjected to the leakage
test above, operate the tester handle at
a speed of approximately 100 strokes
per minute and observe the nozzle
spray pattern.

NON-ACCEPTABLE SPRAY PATTERN

2. Nozzle Spray Pattern

The nozzle tip has four equally spaced .30 mm
holes. The size and spacing of these holes deter
mine the spray pattern. If fuel is being discharged
evenly through all four holes in the nozzle tip at V
the specified popping pressure, the spray pattern
is considered satisfactory. If fuel is not being dis
charged evenly from all four holes in the nozzle
tip, a plugged hole or holes is indicated; then the
nozzle must be removed and the holes cleaned,
using a .011" diameter wire as shown in Fig. 11.

2. CHUCK

L..-__ Fig. J J - Cleaning Nozzle Orifices __ ---'
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F. Cleaning and Inspection of Fuellniection
Nozzle-Holder

n Before starting to disassemble a fuel injection
nozzle-holder, it is of utmost importance to have a
clean work bench, clean washing fluid containers,
clean tools, and clean hands. Cleanliness is empha
sized because injection nozzle service troubles are,
in most instances, due to dirt entering the nozzles.
Use clean paper on the work bench and as the
nozzle-holder is disassembled, place the compo
nents in a container of clean diesel fuel as a pro
tection against dirt and corrosion.

When more than one fuel injection nozzle-holder
is disassembled, keep the parts of each separate.
Complete disassembly of the injection nozzle holder
is seldom necessary. The nozzle valve and the
nozzle valve body are mated parts, and they must
be kept together; if replacement of either part is
necessary, both parts must be replaced as matched
sets.

1. Removal, Cleaning, and Installation of
Fuel Iniection Nozzlen In most cases where service to a fuel injection

nozzle-holder is necessary, only the removal and
cleaning of the nozzle (valve body and valve) is
required to place the nozzle-holder in good oper
ating condition. Remove, clean, and inspect the
valve body and valve as follows:

a. Before disassembly, thoroughly wash the
injection nozzle-holder to remove any loose
dirt or carbon.

b. Place the nozzle-holder on an injection
nozzle-holding fixture similar to the one
shown in Fig. 14, then clamp the holding
fixture in a vise.

c. Remove the holder cap nut from the upper
end of the holder. Loosen the adjusting
screw locknut and turn the adjusting screw
out sufficiently to release the tension on the
pressure adjusting spring.

n d. Using a suitable socket or box wrench,
loosen and remove the nozzle retaining
nut. Remove the nozzle from the retaining
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nut. Start the retaining nut back into the
holder, to protect the lapped end of the
holder.

e. Withdraw the valve from the valve body
and place them in "Allis-Chalmers" carbon
and rust remover solution for cleaning.
Normally, the valve can easily be with
drawn from the valve body; however, in
some cases it may be .necessary to soak the
nozzle in the carbon and rust remover
solution, before the valve can be with
drawn. CAUTION: Do not allow the solution
to get on the hands or body, use tweezers
or the basket method to handle the parts.
The parts generally can be separated in
two or three minutes; however, for stubborn
cases they can be left in the solution longer.

After removing the parts from the solution,
rinse at once in water, dry and immerse in
flushing oil or fuel oil. Always handle the
parts carefully to protect the lapped
surfaces.

f. The valve seat and the seat in the valve
body are originally ground to slightly dif
ferent angles to provide a line contact seat
between the two parts. Practically all of the
wear occurs in the seat in the valve body.
The valve should never be lapped to the
seat in the valve body.

(1) Using a magnifying glass, inspect the
condition of the seat in the valve body.
If the seat is damaged or worn in any
way to prevent proper seating of the
valve, the nozzle must be replaced.
Examine the lapped bore in the valve
body for any signs of scoring. If scor
ing is apparent, the nozzle must be
replaced.

The outer surfaces of the valve body
may be cleaned with a brass wire brush.
Do not scrape carbon from the surface
around the orifices in the tip of the
valve body with any hard object be
cause damage may result.

(2) Visually inspect the condition of the
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L Fig. 12- Fuel Injection Nozzle-Holder Details ~

valve, preferably with the aid of a mag
nifying glass. The lapped surface (large
0.0.) of the valve must be smooth and
free of any signs of scoring. Also, the
valve must not show any wear or dam
age at the seat location. If the valve is
damaged in any way, the nozzle must
be replaced.

g. Thoroughly rinse the valve and the valve
body in clean diesel fuel or calibrating oil.
The valve must fit freely in the valve body.
To check this fit, lift the valve about one
third of its length out of the body. The valve
should slide down to its seat without aid
when the assembly is held at 45 degree
angle.

If the fit of the valve in the valve body is
unsatisfactory, the valve may be cleaned
and polished with "Allis-Cholmers" 900G
compound and castor oil used on tissue
paper. The valve may be held by its stem in
a revolving chuck for this cleaning opera
tion. An orange stick or round toothpick
will be helpful in cleaning the valve.

Hard or sharp tools, emery cloth, crocus
cloth, jeweler's rouge, grinding compounds,
or other abrasives should never be used in
cleaning.

h. Thoroughly rinse the valve in clean diesel
fuel before installing it in the valve body.

Fig. r3 - Lapping Fuel Injection Nozzle
Valve Body

i. Examine the flat sealing surface of the valve
body (surface which contacts the lower end
of the holder body) and be certain that the
surface is clean and free of scratches. This
surface may be lapped, if necessary, using
"Allis-Chalmers" 900G compound, castor
oil, and a lapping block as shown in Fig. 13.
After lapping, remove a" traces of the lap
ping compound with clean diesel fuel.

j. Be certain that the bottom flat sealing sur
face of the nozzle holder is clean and in
good condition. Rinse the valve and the
valve body in clean diesel fuel, then insert
the valve in the valve body. Place the nozzle
on the two dowels of the nozzle holder and
center the nozzle with the holder. Lower
the nozzle retaining nut over the valve U
body. Tighten the nut to a torque of 44
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to 58 Ibs. ft. NOTE: Pressure adjusting
screw must be completely backed out prior
to this assembly, otherwise dowels may
damage nozzle seal face.

k. Adjust and test the fuel injection nozzle
(refer to Par. E, IfTesting and Adjusting of
Fuel Injection Nozzle-Holders").

2. Disassembly, Cleaning and Assembly of
Fuel Iniection Nozzle-Holder

If the malfunctioning fuel injection nozzle-holder
was not corrected by the removal and cleaning of
the nozzle (valve body and valve), disassemble
and clean the injection nozzle holder as follows:

a. Remove the holder cap nut and gasket from
the upper end of the nozzle holder, loosen
and remove the adjusting screw lock nut.

b. Using a 17mm socket and tee handle and
an injection nozzle holding fixture similar
to the ones shown in Fig. 14, remove the
spring retainer. Remove the (spindle) pres
sure adjusting spring and spindle from the
holder.

c. Remove the nozzle retaining nut, then re
move the nozzle (refer to Step 1 above).

d. Place all of the parts in clean diesel fuel.
Using filtered compressed air, blowout the
fuel passages in the holder.

e. Visually inspect the parts for damage or
wear and replace worn or damaged parts.
Examine the flat sealing surface or the

;I
14 - Removing Spring Retainer from Fuel

Injection Nozzle Holder

holder (surface which contacts the upper
end of the valve body) and be certain that
the surface is clean and free from scratches.

Examine the (spindle) pressure adjusting
spring. If the spring is scratched or pitted,
it must be replaced. Also, the spring must
be replaced if the ends have worn from
contact with the spring seats. Always re
place questionable springs.

f. Rinse the spindle in clean fuel and insert
it in the holder. Place the spindle spring on
the spindle. Start the spring retainer (with
adjusting screw) into the holder. Tighten
the retainer securely (36 to 44 Ibs. ft.
torque). NOTE: Pressure Adjusting Screw
must be completely backed out.

g. Install the nozzle and the nozzle retaining
nut (refer to Step 1 above).

h. Install the adjusting screw locknut and the
nozzle holder cap nut (with gasket) but do
not tighten at this time as the nozzle-holder
assembly must be placed on a nozzle tester
and adjusted for the specified "popping"
pressure.

i. Adjust and test the fuel injection nozzle
holder (refer to the procedure in Par. E,
IfTesting and Adjusting of Fuel Injection
Nozzle-Holder"). After testing and adjust
ing, tighten the nozzle-holder cap nut to
a torque of 26 to 33 Ibs. ft.

G. Installation of Fuel Iniection Nozzle
Holder in Engine

Inspect the fuel injection nozzle-holder recess in
the cylinder head to be certain that the old nozzle
holder gasket was removed.

1. Thoroughly clean the inside of the injection
nozzle sleeves in the cylinder heads before
inserting the nozzle-holders. Be certain that
no small particles of carbon are present in
the nozzle sleeve which would prevent the
nozzle-holder gasket from seating prop
erly, thereby permitting "blow-by" from
the cylinder.

2-14



3. CYLINDER HEAD

'-- __ Fig. 15 - Cleaning Fuel Injection __ --I

Nozzle Tip Hole

When the cylinder heads have been re
moved from the engine, it is advisable to
use carbon removing tool similar to the one
shown in Fig. 16 to clean any carbon de
posits from the sleeves before installing the
cylinder heads on the engine. A wire brush
similar to the one shown in Fig. 15 may be
used to clean the carbon from the nozzle
tip hole in the cylinder heads before the
cylinder heads are installed on the engine.
Under no circumstances should an engine
be operated with a leaky or "blowinq-by"
nozzle-holder; this will cause a localization
of heat which will distort the nozzle-holder,
resulting in serious damage.

1. FUEL INJECTION NOZZLE SLEEVE
CARBON REMOVING TOOL

Fig. 16 - Cleaning Carbon from Fuel Injection
Nozzle Sleeve

2. Place a new nozzle-holder gasket on each " ,
nozzle and carefully insert the nozzle- "-'
holders in the injection nozzle sleeves in
the cylinder heads.

3. Tighten the nozzle-holder nuts to a torque
of 18 to 21 Ibs. ft.
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5. FUEL INJECTION NOZZLE SLEEVES..• ff9 A. Description

The bore in the cylinder head for each fuel injection
nozzle-holder extends directly through the cylinder
head water jacket. To prevent the engine coolant
from contacting the fuel injection nozzle-holder, a
stainless steel sleeve is pressed into the cylinder
heads at each fuel injection nozzle bore. The sleeve 1.

forms a water tight receptacle for the fuel injection
nozzle-holder. The coolant in the cylinder head
flows around the stainless steel sleeve and helps
to cool the fuel injection nozzle-holder.

B. Removal of Fuel Iniection Nozzle Sleeve

Whenever the cylinder heads are removed from
the engine, the fuel injection nozzle sleeve should
be thoroughly cleaned (refer to Fig. 16) and in
spected. If the condition of the nozzle sleeve is
such that replacement is necessary, the sleeve may
be removed as follows:

1. Using tools similar to the ones shown in
Fig. 17, screw the tap (Ye") down into the
sleeve as shown in Fig. 18.

2. Insert the driving rod through the nozzle
tip hole in the bottom of the cylinder head,
and using a hammer, drive the nozzle
sleeve out of the cylinder head.

Fig. J 7 - Fuel Injection Nozzle Sleeve Removing
and Installing Tool Detailsn

Fig. JB - Removing and Installing Fuel
Injection Nozzle Sleeve

Fig. lB-A - Applying Sealant to Nozzle Sleeve

c. Installation of Fuel Iniection Nozzle
Sleeve

1. Thoroughly clean the bore in the cylinder
head for the fuel injection nozzle sleeve.
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2. Clean the new nozzle sleeve with a solvent
and dry. Apply sealant to the sleeve at the
top and bottom outside surfaces which
contact the head. Use Grade "A," "Loctite
Sealant" manufactured by American Seal
ant Company or equivalent. See Fig. lS-A.

3. Install the nozzle sleeve in the head, with

the end of the sleeve having the larger 0.0.
toward the top. Using tools similar to the
ones shown in Figure 17 and Figure lS,
drive the nozzle sleeve into the cylinder
head until it bottoms solidly in the bore.

4. Install the cylinder heads on the engine
(refer to Section VIII).

6. REPLACEMENT AND TIMING OF FUEL INJECTION PUMP

A. Removal of Fuel Iniection Pump

Before removing the fuel injection pump from the
engine, be certain that the No. 1 piston (piston
nearest fan) is near the top on its compression
stroke. CAUTION: Be certain that the engine fuel
supply is shut off at the fuel tank.

1. Remove the engine hood and side panels.
Thoroughly clean the cylinder head covers
and the surrounding area. Remove the cyl
inder head covers from the engine.

2. Remove the timing hole cover from the
upper right side of the engine flywheel
housing.

3. Crank the engine intermittently with the
starter until the No. 1 piston is approaching
top dead center on its compression stroke.
This can be determined by observing the
valves for No.1 cylinder. With both valves
closed (valve push rods at the bottom of
their travel), crank the engine by hand
using a suitable socket wrench on the crank
shaft pulley retaining capscrew until the
F.P.I. mark stamped on the engine flywheel
is aligned with the timing pointer.

4. Remove the fuel injection pump timing ac
cess cover from the timing gear housing.
With the F.P.I. timing marks on the engine
flywheel aligned with the timing pointer,
the fuel injection pump timing pointer
should be in alignment with the center
timing marks on the pump drive gear hub.

5. Disconnect the throttle control rod from the
governor speed control lever. Disconnect
and remove the fuel shut-off rod.

Fig. 20 - Fuel Injection Pump Timing Mark
on Engine Flywheel

6. Disconnect and remove the fuel transfer
pump inlet and outlet lines. Disconnect and
remove the fuel injection pump lubricating t ,
oil line. '-'
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7. Disconnect and remove the fuel return line
and the fuel inlet line from the fuel injection
pump.

•
8. Disconnect the fuel return manifold from

the fuel pressure relief valve. Disconnect all
the fuel injection lines from the top of the
fuel injection pump, using a lKt crow's
foot with a %" drive extension, as illus
trated in Fig. 22. IMPORTANT: Cap all fuel
openings to prevent the entrance of dirt .

9. Remove the pump drive gear access cover
from the timing gear housing cover. Re
move the pump drive gear attaching cap
screws and remove the drive gear serrated
plate. Withdraw the pump drive gear.
NOTE: When the fuel iniection pump is
mounted on the engine there is spring
pressure on the cam of the pump camshaft.
Upon removal of the drive gear attaching
capscrews, the pump camshaft will rotate
counter-clockwise from the spring pressure.
A camshaft holding tool (shown in Fig. 24)
is available to hold the cam in its proper
timed position. The tool can be fastened to
the pump upon removal of the fuel supply
pump.

10. Remove the three pump attaching stud nuts
and lockwashers. Remove the fuel injection
pump and governor as a unit.

2-18
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Fig. 22 - Disconnecting Typical Fuel Injection

Lines from Fuel Injection Pump

B. Installation and Timing of Fuel
Injeetlen Pump

1. Remove the timing window cover from the
fuel injection pump. One tooth of the
plunger drive gear is marked (painted red)
for timing the fuel injection pump for in
jection of fuel to the No. 1 cylinder. Turn
the drive gear hub of the fuel injection
pump until the marked tooth of the plunger
drive gear is positioned approximately the
distance of one tooth to the REAR of the
timing pointer in the pump housing, then
hold the drive gear hub stationary. While
holding the drive gear hub in the above
position, the center timing mark on the
drive gear hub should be in alignment with
the timing pointer. When the drive gear
hub is released for installation of the pump
on the engine, the spring pressure on the
cam of the pump camshaft will rotate the
pump drive gear hub slightly in the counter
clockwise direction.

NOTE: When the special holding tool is
used, the fuel injection pump drive gear
hub and the timing pointer will remain in



HOLDING TOOL

Fig. 23 - Removing Fuel Injection Pump
from Engine

the proper position while installing and
securing the pump drive gear to the pump
drive gear hub with a wrench.

2. With the No. 1 piston near the top on its
compression stroke (valve push rods at the
bottom of their travel) and with the timing
mark stamped on the engine flywheel
aligned with its timing pointer, the engine
is properly positioned for the installation
of the fuel injection pump.

3. Install the O-ring gasket in the pump mount
ing flange. Install the fuel injection pump
on the engine and secure the pump to the

engine with the pump attaching stud nuts
and lockwashers.

4. Install the pump drive gear on the pump
drive gear hub. Install the drive gear ser- V
rated plate and start the pump drive gear
attaching capscrews, but do not tighten at
this time. NOTE: The attaching holes in the
pump drive gear are elongated so that the
pump drive gear hub can be turned slightly
to properly time the fuel in;ection pump.

5. Insert a wrench on the pump drive gear
hub retaining nut and turn the nut to align
the CENTER timing mark on the drive gear
hub with its timing pointer (Fig. 24). While
holding the CENTER timing mark on the
drive gear hub in alignment with its timing
pointer, tighten the three pump drive gear
attaching capscrews.

Fig. 24 - Centering Timing Marie on __ -'
Drive Gear Hub

6. Install the timing window cover and gasket
on the fuel injection pump.

7. Connect the fuel injection lines to their cor
responding fittings in the top of the fuel
injection pump. Tighten the fuel injection
line nuts to a torque of 25 to 27 Ibs. ft.
Connect the fuel return manifold to the fuel
pressure relief valve.
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8. Connect the fuel injection pump inlet line
to the fuel injection pump.

9. Install the fuel return line. Install the fuel
transfer pump inlet and outlet line to the
fuel transfer pump. Install the fuel injection
pump lubricating oil line.

10. Connect the throttle control rod to the gov
ernor speed control lever. Install the shut
off assembly.

11. Install the timing hole cover on the engine
flywheel housing.

12. Install the cylinder head covers being cer
tain the gasket is in good condition. Install
the engine hood and side panels.

13. Turn the fuel tank shut-off valve to its open
position. Vent the fuel system (refer to
Topic 7 below).

7. VENTING OF FUEL SYSTEM

A. Venting of Low Pressure Fuel System

Vent the first stage and the second stage fuel filters
and the low pressure fuel lines as follows:

1. Remove the vent screws located in the shell
retaining nuts of the fuel filters.

2. Crank the engine with the starter until a
full stream of fuel (free of bubbles) flows
from the vent screw opening. Install and
tighten the vent screw while continuing to
crank the engine.

B. Venting of High Pressure Fuel System

The high pressure fuel system is usually self-venting,
due to the fact that any air trapped by the fuel
injection pump is forced out through the fuel injec
tion nozzles and into the combustion chambers.

n

However, if the fuel lines have been removed, the
engine has run out of fuel, or the unit has not been
operated for some time, venting of the high pres
sure system may be necessary to facilitate starting
of the engine.

Vent as follows:

1. Loosen the fuel line connection nut attach
ing each fuel injection line to its corre
sponding fuel nozzle-holder.

2. Pull the throttle operating lever back to the
high speed position.

3. Crank the engine with the starter until fuel
flows from the ends of all the high pressure
fuel lines. Connect the fuel injection lines
to the fuel nozzle-holders and tighten the
fuel line connection nuts.

2-20



8. GOVERNOR

A. General

The governor is integral with the fuel injection
pump and is adjusted and sealed by the factory to
provide the proper horsepower at a full load
governed speed. The recommended low idle speed
is 600 R.P.M. The recommended high idle speed is
2375 to 2425 R.P.M.

B. Checking Engine Speed

1. The governor very seldom gets out of work
ing order. If the engine speed is irregular,
check the fuel system and all other engine
adjustments before changing the governor
setting.

Operate the engine until temperature is
stabilized (170° F.) minimum. Position
throttle operating lever to both the low and
high speed positions and be certain that the
throttle control linkage is adjusted to insure
the full arc of travel. Check the low idle
and full load speeds while the engine is
under load.

If the engine speeds are not within the
specified ranges, it will be necessary to
adjust the governor.

C. Low Idle and High Idle Speed
Adiustments

1. Remove the speed adjusting screw access
cover from the governor.

2. Disconnect the throttle from the governor
speed control lever, so that the lever may
be moved by hand.

3. With the engine running, loosen the jam
nut on the low idle adjusting screw. Hold
the governor speed control lever toward the
front so that the control lever shaft stop

plate contacts the low idle adjusting screw.
Turn the low idle adjusting screw IN as
necessary to increase or OUT as necessary
to decrease the low idle speed. When the
low idle speed is within the specified range,
hold the low idle adjusting screw and
tighten the jam nut.

4. With the engine running, loosen the jam nut
on the high idle adjusting screw. Hold the
governor speed control lever toward the
rear so that the control lever shaft stop
plate contacts the high idle adjusting screw.
Turn the high idle adjusting screw OUT as
necessary to increase or IN as necessary to
decrease the high idle speed. When the
high idle speed is within the specified
range, hold the adjusting screw and tighten
the jam nut.

5. Install the speed adjusting screw access
cover on the governor.

6. Connect the throttle to the governor speed
control lever. Be certain the throttle move
ment covers the full arc of travel from idle
to high speed.
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9. ENGINE CONTROLS

~ Fig. 26 - Accelerator Pedal and Linlcage --J

1. FUEL INJECTION PUMP

1-----30%/1 REF..-------I

7. BELLCRANK

3. ACCELERATORPEDAL& STOP
4. COMPARTMENT FLOOR

8. CONTROL ROD

The accelerator pedal is used to regulate the speed
of the engine. Control rods and linkage connect the
accelerator pedal to the throttle shaft assembly on
the governor. The engine runs at full governed
speed when the throttle shaft assembly is pushed
all the way back, and runs at idling speed when
the throttle shaft assembly is pulled all the way
forward. The accelerator pedal is located on the
right side of the operator's compartment; hinged
to the floor plate by a pin. The accelerator pedal
is connected to the throttle shaft assembly by a
long rod, a bellcrank assembly and then a short
rod. Both rods have adjustable yokes (Fig. 26).

The short rod should be adjusted so that when the
accelerator pedal is fully released the fuel injection
pump throttle shaft assembly is in the low idle

6. ADJUSTING YOKE

2. CONTROL ROD

73K,"0"-----1
5. SPRING

position. The long rod should be adjusted so that
the stop rod inside of the pedal return spring
touches both the floor plate anchor lug and the
accelerator pedal lever when the accelerator pedal
is fully released. A capscrew and locknut comprise
a stop for the high idle position of the accelerator
pedal and should be adjusted so that the acceler
ator pedal allows the throttle shaft assembly of the
fuel injection pump to operate to the full high idle
position.

Improper adjustment of these control rods may
result in loss of engine speed. Refer to Fig. 26 for
the approximate lengths (center to center of yoke
pins) of the control rods, when making adjustment.
lengthen or shorten the control rods as necessary
by turning the yokes on the ends of the control rods.
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SECTION III - ENGINE AIR INTAKE SYSTEM

n Topic Title

Description of System .
Air Cleaner System .
Turbocharger .
Service Tools .

Topic Page
No. No.

1 1
2 1
3 2
4 23

II1. DESCRIPTION OF SYSTEM

The air intake system is designed to supply filtered
air to the engine, and the air brake compressor
unit in a greater quantity than required by nat
urally aspirated engines. The air cleaner filters
abrasive materials from the air before it enters
the cylinders or the air brake compressor unit.
The turbocharger increases the supply of air nor
mally required by the engine. This allows the en
gine to burn more fuel and in turn produce more
power.

n
After passing through the rain cap, air enters the
air cleaner through a pipe that extends down
through the center of the air cleaner body. At the
bottom of the air cleaner body, the air enters the
oil cup and is drawn through a screen in the air
tray, and into the rust-proof matting in the air

cleaner body. Abrasive material is removed from
the air as it passes through the oil cup and the
matting in the air cleaner body.

The air then flows to the turbocharger which is
operated by the engine's exhaust gases. The turbo
charger increases the quantity of the air delivered
to the engine by compressing the air that is sup
plied to the engine intake manifold. Air for the air
brake compressor unit is supplied from the intake
manifold. See BRAKES,Section XII.

Care should be taken to prevent any leaks in the
air intake system that will allow abrasive material
to enter the engine or the air brake compressor
unit. Otherwise, serious damage may result.

2. AIR CLEANER SYSTEM

A. Rain Cap Service

Clean the rain cap whenever dirt and lint have
collected on the screen.

1. Loosen the clamp and lift the rain cap from
the air cleaner pipe.

2. Wash and brush the screen with a clean
solvent or fuel oil. Dry it with compressed
air before reinstalling it.

B. Air Cleaner Service

Depending upon operating conditions, the oil cup
must be inspected at least daily. The cup must be
filled to the level mark with clean non-foaming
engine oil to insure proper engine operation.

Litho in U.S.A. 3 - 1

Whenever the oil becomes discolored, empty and
wash the cup and the tray. Then refill the cup to
the proper level with clean oil before reinstalling
it. Use the same viscosity oil that is used in the
engine.

IMPORTANT: Some engine lubricating oils may
foam when used in the air cleaner. These oils re
duce the air cleaner's efficiency and may be sucked
into the engine and the air brake compressor unit
causing serious damage.

Service the air cleaner as follows:

1. Remove the oil cup and the tray from the
air cleaner body. Empty the oil from the
cup.
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2. AIR CLEANER BODY

1. RAIN CAP

5. OIL CUP WITH BAFFLE

2. Thoroughly wash the cup and the tray with
a clean solvent or diesel oil.

3. Remove the rain cap and swab out the air
cleaner pipe. Reinstall the rain cap.

4. Fill the cup to the proper level with clean
non-foaming engine oil. Be certain that the
gasket is in good condition, and place the
tray on the oil cup.

5. With the air cleaner body gasket in good
condition, attach the cup and the tray to
the bottom of the cleaner body and hand
tighten the wing nuts. DO NOT USE A
WRENCH!

The turbocharger used on the Allis-Chalmers
11000 engine is essentially an oil cooled exhaust
driven blower. Its purpose is to increase the air
supply to the engine cylinders. This increased sup
ply of air allows the engine to burn more fuel
and in turn produce more power.

4. SEALRINGS

Fig. J - Air Cleaner - Disassembled ---- _J

6. Inspect the hose clamps on the air cleaner
outlet and turbocharger inlet hoses. If the
clamps are loose or if the hoses are
crimped, air may enter the engine without
being filtered.

7. Once or twice a year (depending upon
operating conditions) remove the air clean
er from its mounting and clean the matting.
After removing the oil cup and the tray,
immerse the air cleaner body in fuel oil or
a non-conbustible cleaning solvent, and
rinse the matting thoroughly. Allow the
cleaning solvent to drain from the matting
before reinstalling the cleaner assembly.

3. TURBOCHARGER

A. Description and Operation

1. Description

The turbocharger consists of a turbine, bearing
housing and compressor. The turbine is located at
the front of the bearing housing assembly and the
compressor at the rear end. A shaft integral with

turbine wheel drives the compressor wheel. The
shaft is supported in the bearing housing by sleeve
type bearings. The compressor wheel and turbine
wheel are individually balanced and may be serv
iced separately.

To facilitate quick repair of the turbocharger in
the field, a core assembly is available. It consists
of the rotor assembly, bearings, seals, bearing
housing, compressor housing, and nozzle back
plate, completely assembled.

2. Operation

The turbine utilizes the heat energy from the ex-
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"- Fig. 2 - Turbocharger - Section View - __1

COMPRESSOR

COMPRESSOR COVER

TURBINE WHEEL

haust gas. The exhaust gas from the engine enters
the turbine housing through a flanged connection
in the housing base. The gas flows around the
turbine housing and radially inward through a
nozzle ring. The nozzle ring imparts a high veloc
ity to the gas before it enters the turbine wheel.
The exhaust gas pressure acts upon and drives
the turbine wheel. The turbine wheel in turn drives
the compressor wheel which is basically a centrif
ugal blower.

The air enters at the center of the compressor
wheel and flows radially outward through a dif
fuser section into the compressor housing. The air
leaves through a tangential outlet on the side
of the compressor housing and enters the intake
manifold.

The turbocharger is lubricated by engine lubricat
ing oil supplied by an external line extending from
the head of the lubricating oil filter to the top
of the turbocharger bearing housing. The oil re
turns to the oil pan through an external oil line

litho in U.S.A.

TURBINE HOUSING

extending from the bottom of the turbocharger
bearing housing to the side of the cylinder block.

Piston ring type oil seals are located at each end
of the shaft. This type seal is used because of its
low friction and long life. It is not a positive type
seal and will not hold back oil under pressure.
However after the oil passes through the bearings
it enters a low pressure cavity between the bear
ings and the seals. These cavities connect to the oil
drain opening in the bottom of the bearing hous
ing. In addition to the cavity at the compressor
end, an oil flinger revolves with the shaft and a
passage (ram tube) enables air pressure in the
compressor to enter the area between the seal
rings. This pressure will equalize or counteract
the slight positive pressure in the cavity and re
strict oil from entering the compressor. At the tur
bine end, the pressure within the turbine housing
is greater than the pressure on the cavity side of
the seal rings and thus prevents oil from entering
the turbine housing.
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To avoid damage to the turbocharger and pos
sible disintegration of the turbine wheel from over
speeding when operating the engine at altitudes
above sea level, it is important the maximum fuel
setting of the injection pump be reduced at the
rate of 3% for each 1000 feet above 8000 feet
altitude. The reduction of the maximum fuel set
ting is best accomplished by removing the fuel
pump from the engine and adjusting the maximum
fuel delivery on an injection pump test stand.

B. Service Inspection and Maintenance

1. Periodic Inspection

Each time the engine lubricating oil and the engine
lubricating oil filter elements are replaced, or
whenever a routine service operation is performed,
inspect the turbocharger as follows:

a. Inspect the hose connections and air inlet
tubing between the air cleaner and turbo
charger, hose connections and elbow be
tween the turbocharger and the intake
manifold for air leaks due to cracks, dam
aged gaskets, loose clamps; or for restric
tions due to dented tubing or collapsed
hoses.

b. Inspect for exhaust leakage from the ex
haust ports in the heads to turbine housing
exhaust gas inlet, due to damaged gas
kets, loose turbocharger mounting, loose
manifold mounting stud nuts or cracks in
the exhaust manifold.

c. Inspect oil inlet and drain lines and fittings
for leakage or other damage.

d. Operate the engine at approximate rated
output and observe for any unusual vibra
tion or noise which would warrant further
inspection of the turbocharger.

e. Note the engine exhaust. Excessive smoke
may indicate a restricted air cleaner or
intake piping, overfueling or other faulty
turbocharger operation.

2. 500 Hour Inspection and Service

After each ·500 hours of operation the compressor

wheel should be visually inspected for dirt ac
cumulation on the wheel vanes. If the coating of
dirt is minor and even, cleaning is not necessary.
An uneven build-up of dirt will unbalance the
rotor assembly which could lead to failure of the
turbocharger, therefore, if the coating of dirt is
uneven, excessive or approaching the appearance
of a layer which could flake off the wheel, cleaning
is necessary. Inspect and clean as follows:

a. Clean turbocharger and surrounding area.

b. Remove turbocharger from engine. Refer
to Paragraph C, REMOVALAND INSTAL
LATION.

c. Clean compressor wheel. Refer to Para
graph F, CLEANING. CAUTION: A poor
cleaning job, leaving deposits on the wheel,
is as destructive as an uneven layer of dirt.

3. 2000 Hour Inspection and Service

A major inspection of the turbocharger should be
made after each 2000 hours of operation. This
inspection requires removing the turbocharger
from the engine and the removal of the compres
sor cover and the turbine housing from the turbo
charger. Inspect the turbocharger as follows:

a. Remove the turbocharger from the engine.
Refer to Paragraph C, REMOVALAND IN
STALLATION.

b. Stand turbocharger on bench with shaft
in horizontal position and .check for free
wheel rotation by rotating wheels by hand.
If the wheels do not turn freely, several
things could be the cause of the trouble:
carbon buildup behind turbine wheel, dirt
accumulation behind compressor wheel,
bearing seized to shaft, dirt causing drag
in bearing, bearing worn excessively. Elim
inate these conditions by making necessary
repairs.

c. Remove the compressor cover and com
pressor extension. Refer to Paragraph E,
DISASSEMBLYOF TURBOCHARGER.

d. Check turbine wheel radial movement as
follows:
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(1) Clamp unit in vise by turbine housing
flange (Fig. 3).

n (2) Install the hole attachment on the in
dicator and fasten to the turbocharger
with either a clamp or magnetic type
base holder.

(3) Position the indicator contact point
against the middle of one of the flats
on the square extension of turbine
wheel.

(4) Push the turbine wheel against the in
dicator contact point and at the same
time push compressor wheel in the op
posite direction.

.__-- Fig. 3 - Checking Turbine Whee' .,__ --1

Radio' Movement

(5) With the wheels pushed in these posi
tions oscillate them in both directions
until the lowest indicator reading is ob
tained and note this reading.

(6) Now push each wheel in the opposite
direction (180° from the position from
which the first reading was taken).

(7) With the wheels pushed in these posi
tions again rotate wheels until the low
est indicator reading is obtained. Note
this reading.

(8) The difference between the two read
ings will be the total wheel movement.
This should not exceed .023". Repeat
this procedure several times before ac
cepting a final reading.

Litho in U.S.A.

(9) If the radial movement exceeds .023"
it is an indication of shaft and/or bear
ing wear or the bore in the housing
is worn. Unit must be disassembled and
repaired.

e. Check shaft end playas follows:

(1) Use either a clamp or magnetic base
indicator holder.

(2) Place indicator contact point on end
of shaft (Fig. 4).

(3) Move wheels to extreme up position,
note indicator reading.

(4) Move wheels in extreme down position,
note indicator reading.

(5) The difference between the readings
is the end play.

(6) This should be from .004" to .008".

(7) Record the end play. This will be used
to determine if thrust washers need to
be replaced.

(8) If end play exceeds .008" it indicates
that thrust collar faces or thrust washers
are worn or distorted. If end play is
less than .004" it indicates a carbon
build up behind turbine wheel and/or
a dirt build up behind compressor
wheel. Unit must be disassembled and
cleaned and repaired.
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f. Check compressor wheel radial movement
as follows:

(1) Clamp unit in vise by the turbine hous
ing flange with the compressor wheel
to the top (Fig. 5).

(2) Check compressor wheel radial move
ment using the same procedure as out
lined in item "d" above covering the
checking of the turbine wheel radial
movement.

(3) If movement exceeds .023/1 the cause
and correction is the same as for the
turbine wheel.

g. Remove turbine housing. Refer to Para
graph E, DISASSEMBLY OF TURBO
CHARGER.

""'--- Fig. 5 - Checking Compressor Wheel
Radial Movement

h. Inspect compressor cover, compressor ex
tension, compressor wheel, turbine wheel
and turbine housing for noticeable dirt ac
cumulation which will impair turbocharger
performance. Excessive and uneven build
up on the wheels will disturb the precision
balance of the rotor assembly. To clean
turbocharger refer to Paragraph F,
CLEANING.

i. Make a thorough inspection of the com
pressor wheel and turbine wheel. These
parts are precision balanced and a broken
or bent blade can throw the assembly out
of balance and thereby shorten the life
of the turbocharger. Wear appearing on
the outer and small diameters of the blades
of the wheels indicates bearing and thrust
washer wear is excessive. Broken or bent
blades indicate large pieces of foreign
material have gone through the compres
sor or turbine. Never attempt to repair a
damaged wheel. Replace with new wheel.

j. Inspect nozzle ring for damage and vane
spacing. The spacing dimension is stamped
on the nozzle ring and a go-no go gauge is
available as a special tool. See Paragraph
I, TURBOCHARGERSERVICETOOLS. If the
vanes are damaged the nozzle ring should
be replaced.

k. If the turbocharger meets the above in
spection specifications, it can be reassem
bled using new gaskets and considered
satisfactory .

I. Assemble turbocharger to the. engine. Re
fer to Paragraph C, REMOVAL AND IN
STALLATION.

NOTE: If excessive bearing wear or other damage
is believed to have been caused by lack of lubri
cation, check the flow of oil to the turbocharger
with the engine running. Minimum oil flow should
be two quarts per minute at 30 PSI and with an
oil temperature of 1800 F.

4. Maintenance

Many times the finger of guilt is pointed at the
turbocharger when the cause of the trouble is not
the fault of the turbocharger, but rather caused
by lack of good engine maintenance. For satis
factory turbocharger life special attention must
be paid to the following adjustment and main
tenance points:

a. Air Cleaner and Intake System
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Restriction in the air intake system will
cause malfunction of the turbocharger as
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well as the engine. A clogged air cleaner,
deteriorated hose, or hose connection
which has collapsed, can cause oil to be
pulled past seals on the compressor side
of the turbocharger. The restriction (vac
uum) should never exceed 30 inches of
water at the turbocharger air inlet at en
gine full speed, full load conditions.

Any restriction in the air intake system
which causes the passage of engine oil to
the intake air, increases the exhaust tem
perature. This excessive exhaust tempera
ture is detrimental to the engine,
turbocharger turbine wheel, and turbine
housing; and can cause the turbine shaft
bearing to overheat. If the overheating is
not eliminated, it will eventually lead to
complete turbocharger failure.

n

Small leaks in the air intake system caused
by loose hose clamps or faulty gaskets,
allow dirt to enter the system. This dirt
sticks in any oil which is pulled over into
the compressor housing and builds up a
coat of dirt on the inner surfaces of the
housing and the impeller. The coating of
dirt, if excessive, will reduce the volume
of air drawn into the engine. If the dirt
is not distributed evenly on the impeller it
will cause an unbalanced condition of the
rotating parts.

Lubrication

The engine lubricating oil and engine
lubricating oil filter element(s) must be re
placed at the specified interval to assure
a clean supply of oil to the turbocharger.
Many turbochargers have been damaged
simply because the operator extended the
recommended oil and filter change inter
valor did not shorten the interval to com
pensate for adverse operating conditions.

It is important to regularly inspect the oil
inlet line and oil return line to make cer
tain all connections are tight, and the lines
are not clogged or dented and restricting
the free flow of oil.
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Loss of engine oil pressure due to worn
engine bearings or oil pump failure and
clogged turbocharger oil inlet line or re
stricted oil return line can quickly damage
or destroy a turbocharger. CAUTION: If
an engine has been in storage for several
months without being operated, it is rec
ommended that the oil inlet connection at
the turbocharger be removed and 3 to 4
ounces of lubrication placed in the bear
ing housing before operating the engine.

c. Exhaust System

If for any reason the engine is permitted
to operate with an exhaust temperature
in excess of designed limitations, not only
is the turbocharger subject to serious dam
age, but also the engine. CAUTION: Under
no circumstances should the factory maxi
mum fuel delivery specification for the fuel
injection pump be exceeded in order to
obtain an increase in power. The resulting
damage to the turbocharger and engine
will be costly and offset any benefits that
might have been derived from increasing
the power of the engine.

The total restriction of the exhaust system
must not exceed one (1) inch of mercury
back pressure at the turbocharger turbine
housing exhaust outlet at engine full speed
full load conditions. Excessive back pres
sure will reduce the turbine speed and
subject the turbine to excessive tempera
tures.

d. Fuel Injection System

It is a known fact that naturally aspirated
engines will develop power until nearly all
the air is used and beyond this point more
power will not be obtained by increasing
the fuel supply. A turbocharged engine
operates with excess air and when more
fuel is added the turbocharger speed in
creases and supplies still more air. Con
sequently, it can be easily understood how
the progression of a greater amount of
fuel to burn with a greater supply of air
develops more and more horsepower with
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increasing exhaust temperature until severe
damage is done to the turbocharger and
engine.

For this reason it is disastrous to OVER
FUELa turbocharged engine by exceeding
the factory recommended fuel injection
pump maximum fuel delivery specification
or attempting to set the fuel pump by ob
serving the exhaust smoke, as is the prac
tice with naturally aspirated engines.

Insufficient fuel to the engine will cause low
turbocharger speed and lack of power. It
is therefore important to service the fuel
filters, nozzle and holder assemblies, and
check fuel pump timing in accordance with
the prescribed engine maintenance sched
ule. If the fuel injection pump maximum
fuel delivery setting is suspected of being
incorrect, remove the fuel injection pump
from the engine and take it to your "Allis
Chalmers" dealer for checking on an in
jection pump test stand.

e. Engine Breather System

A clogged engine breather will cause a
pressure buildup in the engine. This pres
sure will prevent the oil from draining down
the oil return line and will force oil out the
low pressure side of the turbocharger and
into the engine air intake system.

C. Removal' and Installation

The turbocharger is removed and installed on the
engine for one of three reasons: inspection, repair,
or overhaul. During the time the turbocharger is
removed from the engine, keep all openings in
the intake and exhaust manifolds covered. This
will prevent foreign objects from accidentally get
ting into the manifolds and damaging the turbo
charger and engine when the engine is again put
into operation.

1. Removal

a. Remove the exhaust stack and engine
hood.

b. Remove the air cleaner hose connections
and connection tube.

c. Remove exhaust outlet elbow and exhaust
diffuser. V

d. Remove air inlet hose and elbows between
intake manifold and turbocharger com
pressor cover air inlet opening.

e. Remove the oil inlet line.

f. Disconnect and remove oil drain tube.

g. Remove the high temperature, self-locking
nuts and washers which secure the turbo
charger to the exhaust manifold or turbo
charger to exhaust manifolrl adapter. Re
move turbocharger.

2. Installation

a. Prior to installation of the turbocharger,
inspect and service the following:

(1) Service the air cleaner.

(2) Replace the engine lubricating oil filter
elements. Renew the lubricating oil in
the oil pan.

(3) Check the exhaust manifold for cracks,
foreign material, condition of the man
ifold gaskets, tightness of the manifold
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n
nuts and flatness of the exhaust mani
fold mounting pad for the turbo
charger.

(4) Check the intake manifold and the air
inlet elbow and hose for cracks, foreign
material, condition of manifold mount
ing gaskets and tightness of the mani
fold nuts.

(5) Completely remove the oil inlet and
oil drain line. Examine for sludge or
clogging, clean if necessary. Any oil
inlet or drain line found crimped or
dented enough to restrict the flow of
oil must be replaced.

(6) Replace any air or oil piping hose con
nectors found to be deteriorated.

(7) Make certain all air and oil piping hose
clamps are tight.

n
(8) Make certain the gaskets do not ex

tend into the port openings of the
intake manifold, exhaust manifold, air
inlet elbow, turbocharger mounting
adapter and mounting pads.

b. Place a new gasket on the exhaust mani
fold pad. Mount the turbocharger on the
pad and lubricate the mounting studs with
an anti-sieze compound. Install washers
and lock nuts and tighten securely.

c. Assemble the exhaust diffuser to the tur
bine housing using a new gasket. Coat the
capscrew threads with an anti-sieze com
pound. Install lockwashers and capscrews
and tighten securely.

d. Assemble the exhaust pipe elbow to the
exhaust manifold and exhaust diffuser.

e. Assemble the exhaust stack to the exhaust
pipe elbow ..

Litho in U.S.A.

f. Loosen the nut on the compressor cover
"V" clamp so that the compressor cover
can be rotated to the required angular
position with the intake manifold inlet el
bow and hose connection. Tighten the "V"
clamp nut to 7.5 ft. Ibs. torque. Tighten
the hose connection clamps securely.

g. Install the air cleaner to turbocharger air
inlet tube and hose. Tighten hose clamps
securely.

h. Connect the oil inlet line to the turbo
charger.

CAUTION: Do not connect the oil return
line until it is assured that there is a free
flow of oil through the turbocharger. Hold
the engine stop control in the "STOP" posi
tion. Crank the engine until there is a free
flow of oil from the oil return line connec
tion in the bottom of the turbocharger
bearing housing.

i. Connect the oil drain line to the turbo
charger and to the side of the cylinder
block.

j. Upon .completion of the installation, check
the turbocharger operation. Refer to Par
agraph B, SERVICE INSPECTION AND
MAINTENANCE.

CAUTION: Never operate the engine with the air
inlet tube between the air cleaner and turbo
charger or the exhaust outlet piping disconnected.
Clothing and compressor wheel damaging ob;ects
can be drawn into the compressor side, while dis
charged carbon particles and hot exhaust gas can
cause personal in;ury on the turbine side
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D. Replacement Core Assembly

When it is not desirable to completely disassemble
the turbocharger, a replacement core assem
bly (Fig. 7) may be used. This assembly contains
both wheels, bearings, bearing thrust washers,
seals, bearing housing, and compressor housing,
all pre-assembled.

When using this unit it is only 'necessary to trans
fer the turbine housing, compressor extension, and
compressor cover from the old unit to the new
core assembly. Follow the disassembly procedure
as outlined in Paragraph E, DISASSEMBLYOF
TURBOCHARGER, covering the removal of the

'---- Fig. 7 - Replacement Core AssembIY---I
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1. Compressor Cover
2. "V" Clamp
3. "V" Clamp Nut
4. Gasket
5. O-Ring
6. Compressor Extension
7. Dowel
S. Locknut-Compressor Wheel
9. Compressor Wheel
10. Shims
11. Socket Head Capscrews
12. Lockwasher

13. Plain Washer
14. Compressor Housing
15. Gasket
16. Seal Rings
17. Flinger Sleeve
is. Spring
19. Flanged Thrust Washer
20. Thrust Ring
21. Flat Thrust Washer
22. Bearing Thrust Washer
23. Bearing
24. Snap Ring

25. Capscrews
26. Lockplates
27. External Shield
2S. Bearing Housing
29. Nozzle Back Plate
30. Retaining Ring
31. Seal Rings
32. Turbine Wheel and Shaft
33. Nozzle Ring
34. Turbine Housing
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compressor cover, compressor extension and tur
bine housing.

Assemble by following the instructions in Para
graph H, ASSEMBLYOF TURBOCHARGER. Use a
new gasket between the compressor cover and
housing, and a new O-ring between the cover
and extension.

E. Disassembly of Turbocharger

Disassembly of the turbocharger can best be ac
complished with the use of special tools listed
under Paragraph I, TURBOCHARGER SERVICE
TOOLS. As the parts are removed they should
be placed on a clean bench in the order of dis
assembly. Always handle the parts with care in
order to prevent scratching or damaging the pre
cision machined surfaces.

Before disassembling the turbocharger, check radi
al movement of the compressor and turbine wheels
with a dial indicator. Record the movement as it
will be used to determine wear of the bearing
bores in the bearing housing.

1. Preparation for Disassembly of
Turbocharger

a. Clamp unit in vise by turbine housing
flange (Fig. 9).

b. Mark related position of the compressor
cover to bearing housing and bearing hous
ing to turbine housing.

c. Apply penetrating oil or diesel oil to the
capscrews securing the turbine housing to
the bearing housing.

2. Removing Compressor Cover and
Compressor Extension

a. Remove cover "V" clamp and remove
compressor cover and compressor gasket
(large).

b. Remove O-ring from compressor extension
assembly.

c. Remove compressor extension assembly by
lifting it uniformly off the dowel pins. If

Litho in U.S.A.

~-- Fig. 9 - Preparing to Disassemble
Turbocharger

tight on dowels, use two screwdrivers be
tween extension and compressor housing
assembly, one at each dowel pin location.
Pry gently using equal pressure on both
screwdrivers.

3. Removing Compressor Wheel Locknut

a. Use 8 point %" socket wrench on square
extension of turbine wheel.

b. Use 3,4" socket wrench on compressor
wheel locknut (Fig. 10).

c. Hold wrenches firmly against nut to pre
vent slipping off and damaging wheel
blades. Loosen and remove nut.

Fig. JO - Loosening Compressor Wheel __ -",
Locknut
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4. Removing Core Assembly

a. Unlock tabs and remove capscrews and
double lock-plates from turbine side.

b. Remove core assembly (Fig. 11). If tight,
insert two screwdrivers on opposite side
between the bearing housing and turbine
housing and pry upwards uniformly. (Tilt
ing the core may damage the turbine
wheel).

Fig. J J - Removing Core Assemb'y-----I

5. Removing Nozzle Ring

a. If nozzle ring is tight on bearing housing
or tight in the turbine housing, provide
access for screwdrivers by first inserting
a sharp edge blade under the nozzle ring
flange. Tap blade lightly going completely
around ring until gap is sufficient to re
ceive screwdrivers.

b. Insert two screwdrivers (Fig. 12) on op
posite sides and pry upward against
flange. Move screwdrivers around periph
ery of ring to prevent tilting while prying
nozzle ring off.

6. Removing Compressor Wheel

a. Center tool "J" (Fig. 13) in arbor press.

b. Place unit, turbine side down, in disas
sembly ring.

TURBINE WHEEL SHAFT

p

c. Check carefully to make sure that turbine
wheel will not rub against arbor press
base while shaft is being pressed out.

d. Place tool "H" on end of shaft.

e. Hold turbine wheel with one hand and
press against shaft until it becomes free.
NOTE: Turbine wheel must be held during
this operation to prevent it from falling.

f. Remove turbine wheel and shaft.

g. Remove compressor wheel and shim(s)
from behind wheel.
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SOCKET HEAD

7. Removing Compressor Housing

a. Replace unit in turbine housing and insert
two capscrews and tighten a few turns.

b. Loosen and remove socket head capscrews
(Fig. 14).

c. Remove compressor housing and gasket.

d. Remove lockwashers and plain washers
from counterbored holes.

8. Flinger Sleeve

a. Push flinger sleeve out of compressor
housing.

9. Spring

a. Remove spring from counterbore in com
pressor housing or from flanged thrust
washer.

10. Flanged Thrust Washer, Thrust Ring
and Flat Thrust Washer

a. Remove flanged thrust washer, thrust ring
and flat thrust washer from bearing
housing.

11. Bearing Thrust Washer and Bearing
Compressor End

a. Insert finger through bearing thrust washer

Litho in U.S.A. 3-13

Fig. 15 - Removing Bearing Thrust Washer
and Bearing

..
A

• :

L-. Fig. 16 - Nozzle Back Plate ----~

and bearing (Fig. 15). Lift both parts from
housing. If necessary, use tool "L" to re
move the parts.

b. Remove inner Snap ring, using Tool "C".

12. Removing Nozzle Back Plate

a. Remove the two loose capscrews.

b. Place bearing housing on bench, flange up.

c. Remove back plate retaining snap ring, us
ing Tool "0".

d. Remove nozzle back plate (Fig. 16).
NOTE: Some turbo-chargers have a large
back plate, others have a combination in
ternal shield and small back plate.
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COMPRESSOR END TURBINE END

BEARING THRUST WASHER

~------------- Fig. J7 - Searing Housing and Sea rings ---------------'

b. For the removal of the snap rings, rework \.,I
Truarc #21 pliers or Tool "C" to the di
mensions indicated in Fig. 18 by grinding
off uniformly each side of pliers. Round
sharp corners smooth with fine cut file and
emery cloth.

c. Using reworked snap ring pliers, remove
the inner snap ring. CAUTION: Compress
sufficiently to prevent snap ring from con
tacting bore surfaces during removal.2~8" -------.j

d. Remove bearing and beqring thrust wash
er using Tool "L" if necessary.

'------ Fig. J8 - Snap Ring Pliers -----'

13. Bearing and Bearing Thrust Washer
Turbine End e. Remove end snap ring if necessary.

a. Because the seal ring bore in the bearing
housing is smaller in diameter than the
bore for the bearings, it is necessary to
remove the turbine end bearing, bearing
thrust washer and snap rings from the com
pressor end of the bearing housing. (Fig.
17).

14. Seal Rings

a. Remove seal rings from flinger sleeve and
turbine shaft.
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F. Cleaning

The turbocharger may occasionally require clean
ing to keep it and the engine operating efficiently.
The cleaning interval is dependent upon operating
conditions.

1. Compressor End

a. Remove compressor cover and extension
assembly.

(1) Clamp unit in vise by turbine mount
ing flange and mark relative position
of compressor housing to bearing hous
ing. Refer to Fig. 9.

(2) Remove cover clamp and remove com
pressor cover and compressor gasket
(large).

(3) Remove O-Ring from compressor ex
tension assembly.

b. To prevent damaging the compressor
wheel, rest the unit on wooden block;; in
a pan or container for cleaning fluid. The
compressor wheel should be down and the
shaft vertical. NOTE: Never rest the whole
weight of the unit on the wheels.

c. Use "Bendix" metal cleaner or equivalent.
CAUTION: Never use a caustic solution.

d. Fill the container only up to the edge of
the compressor housing. CAUTION: Do not
allow the cleaning fluid to get into the
bearing area.

e. After deposits have softened, remove with
a nylon brush or plastic blade scraper.

f. Assemble the compressor extension and
compressor cover using a new gasket and
O-ring in direct reversal of removal pro
cedure.

2. Turbine End and Other Parts

a. To satisfactorily clean the turbine end, the
unit must be completely disassembled. Re
fer to Paragraph E, Disassembly of Turbo
charger.

Litho in U.S.A.

b. Submerge and soak all parts in "Bendix"
metal cleaner or equivalent. The cleaning
solution should be agitated to do a satis
factory job but take special care that the
parts are not allowed to strike each other.
CAUTION: Never use a caustic solution for
cleaning as this will permanently damage
certain parts. Use only a soft brush, plastic
blade scraper, or compressed air iet to
remove the deposits. Never use a wire
brush or steel blade scraper for this pur
pose.

c. Make sure that all wheel blades are thor
oughly cleaned. NOTE: Deposits left on
the blades will affect balance.

d. Carefully inspect parts to specifications in
Paragraph G, OVERHAUL INSPECTION.

e. Clean all internal cavities of bearing hous
ing thoroughly with compressed air jet.
Make sure that flow control tube is open
(visible through oil outlet hole in casting).
Use compressed air jet only, do not use
wires, drills, etc.

f. The ram tube located on the compressor
side of the compressor housing (Fig. 14)
cannot be removed. However the opening
in the tube and the opening in the area
between compressor end seal rings should
be thoroughly cleaned using compressed
air jet. If necessary, use a .030 diameter
wire to clean the opening between the seal
rings.

C. Overhaul Inspection

Prior to inspecting the parts make certain they are
thoroughly clean and the work bench area is free
of any abrasive material.

1. Shaft

Inspect for scratched, worn or discolored bearing
surfaces. Check seal ring groove width with tool
"E" which is a go-no go gauge (go .065", no go
.069"). Groove walls must be smooth and parallel.
Shaft diameter .6861"minimum and must be round.
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If shaft is not worn and only slightly scratched
or discolored, it may be reused as is. Never grind
or polish as this will affect balance. If the shaft
does not meet these specifications it must be re
placed.

2. Bearings

Inspect for scratches and worn surfaces. If the tin
plating is worn off, the bearing should be re
placed. Bearing limits: 0.0. 1.0585" minimum,
1.0.. 6883" maximum.

3. Thrust Ring

Measure thrust ring thickness with micrometer. It
must not be less than .099". Inspect for worn or
scratched thrust faces.

4. Flinger Sleeve

Check seal ring grooves with tool "E". Groove
walls must be smooth and parallel. If flinger is
not scored and the seal ring grooves are in good
condition it may be reused.

5. Thrust Washer (Flat)

Inspect thrust washer for wear, scored faces, flat
ness and overall thickness. Lay washer thrust face
up on flat surface. Pressing lightly downward di
rectly over thrust face, the washer should not
rock. Thickness through the thrust face should not
be less than .092". Check this dimension at several
different spots around washer using a micrometer.
Thickness should not vary more than .002".

6. Thrust Washer (Flanged)

The flanged thrust washer will not have to be re
placed if the end play was within specifications
or if the amount of end play over .007" equals
the difference between the actual thickness of the
Aat thrust washer and .091fl.

Inspect thrust face for scored or deep surface
scratches.

Lay washer on a clean flat surface with flange
side down and check for flatness. Using a .0015"
thickness gauge and pressing lightly on washer
with fingers, gauge should not pass freely between
flange and plate.

Leave washer on plate and using depth microm
eters, check overall thickness by resting micrometer
base on back of cupped portion and stem through
hole. This dimension should be between .195" and
.205".

Using same micrometers, measure depth of pocket.
Place micrometer base against face of flange with
stem resting on thrust face. This measurement
should not exceed .106". Check pocket depth in
three places around the washer.

NOTE: If thrust faces are only slightly scratched,
but washers are flat and within tolerances, they
may be reused.

7. Bearing Housing

Inspect for worn or scored surfaces in piston ring
bore. Diameter should not exceed .877" and must
be round.

Inspect bearing bore for scored surfaces. To de
termine bearing wear refer to reading obtained
when checking radial movement of both wheels.

If reading was within .023" maximum the bore
size is satisfactory.

If reading was in excess of .023"; and the shaft
and bearing is within specification; the bore is
oversize, and the bearing housing must be re
placed.

Replace housing if bores are scored or worn over
size.

8. Compressor Housing

Inspect for scored or worn seal ring seal bore.
Diameter should not exceed .720" and must be
round. Inspect face behind compressor wheel for
excessive wear or scoring. Replace housing if face
is deeply scored, or if seal ring bore is scored
or out of round.

Inspect the openings in the seal ring bore and
in the ram tube to make certain they are open
and clean.
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9. (:ompressor Extension

Inspect extension for scored contour, damaged
diffuser vanes, mutilated inlet connecting flange
and dirt.

10. Seal Rings

Measure thickness of seal rings with micrometers
at both outside and inside diameters. The dif
ference between the measurements must not ex
ceed .001" and the lowest reading should not be
less than .060". Seal rings not within these meas
urements or having scratched sides must be
replaced.

11. Nozzle Ring

Check vane spacing with tool "F." If spacing is
correct and the vanes are not deteriorated, it may
be reused.

H. Assembly of Turbocharger

n
The work bench area and tools must be clean to
assure that no abrasive material or foreign par
ticles are allowed to enter the turbocharger dur
ing the assembly operation. Parts must be free of
nicks or burrs and absolutely clean before being
installed in the turbocharger. Assemble the turbo
charger using the Turbocharger Special Tools to
prevent damaging the parts.

Assemble the turbocharger as follows:

1. Installing Seal Rings

a. Clamp turbine housing in vise with exhaust
flange down as shown in Fig. 19.

b. Install nozzle ring in turbine housing. If
nozzle ring flange is slightly distorted it
may be tapped lightly until flat. If flange
is badly mutilated, reforming is not rec
ommended in housing. Either rework flange
on a flat edge ring or replace nozzle.

c. Place shaft and turbine wheel assembly
(shaft upright) in turbine housing.

d. Place tool "A" over shaft.

e. Install seal rings. Do not over expand rings.

Litho in U.S.A.

f. Remove Tool "A."

g. Rotate rings until gaps are 1800 apart.

19 - Installing Seal Rings - __ --J

Turbine End

2. Bearing Housing Assembly

a. Thoroughly clean internal and external
surfaces of the bearing housing with com
pressed air.

b. Install turbine end bearing as follows:
(Fig. 17).

1. Install end snap ring, using snap ring
pliers.

2. Lubricate and install bearing thrust
washer.

3. Lubricate and install bearing.

4. Install inner snap ring.

5. Check to make certain both the snap
rings are properly seated.

c. Install compressor end bearing inner snap
ring making certain it is properly seated.

d. Position nozzle back plate on bearing hous
ing (Fig. 20) with dish side down. NOTE:
For turbochargers having an internal shield
and back plate, install the shield with dish
side down and then the nozzle back plate.
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e. Install nozzle back plate retaining snap
ring with bevel side up, using Tool "D."
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BEARING HOUSING

'-- __ Fig. 20 - Installing Nozzle Sack Plate __ ....J

Retaining Snap Ring

BEARINGHOUSING
<,

3. Bearing Housing Installation

a. Apply light film of oil to shaft.

b. Center seal rings on shaft with gaps 1800
apart and lubricate rings.

c. Place bearing housing (nozzle back plate
down) over shaft. Do not force. If rings
do not enter housing easily, remove hous
ing and re-center rings (Fig. 21).

4. Bearing Housing and External Shield
Installation

a. Place external shield in position, aligning
assembly marks. The cut out portion must
clear mounting flange on turbine housing.

b. Place four double lockplates over holes.

c. Coat threads of capscrews with anti-seize
compound.

Fig. 22 - Securing Searing Housing and
External Shield

d. Install capscrews and tighten to 17 Ibs.
ft. torque (Fig. 22). Use torque wrench
adapter tool "M" to tighten capscrew un
der oil inlet boss. The adapter increases
the effective length of the torque wrench,
therefore, tighten only to a torque of 15
Ibs. ft. \...;

e. Bend up tabs of lockplates against side of
capscrew heads.

f. Apply oil to remaining bearing.

g. Install bearing over shaft and into bearing
housing.

h. Apply oil to bearing thrust washer and
install over end of bearing.

5. Thrust Washer (Fiat), Thrust Ring and
Thrust Washer (Flanged) Installation

a. Place flat thrust washer with notched thrust
face up over the shaft and lubricate thrust
face.

b. Place thrust ring over the shaft and lub
ricate.

c. Place flanged thrust washer over shaft with
notched thrust face down.
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6. Flinger Sleeve and Seal Ring
Installation

a. Start flinger sleeve on shaft, seal ring
groove to the top (Fig. 23).

n b. If flinger sleeve is not free on the shaft,
place tool "8" in arbor press.

c. Place unit in arbor press with square ex
tension of turbine wheel resting on tool
"8." CAUTION: Do not press turbine wheel
against contour in turbine housing.

d. Place tool "I" on flinger sleeve.

e. Press flinger sleeve on shaft until it bot
toms against thrust ring.

f. Remove unit from press and clamp in vise.
Place tool"G" over flinger sleeve (Fig. 24).

g. Slide seal rings into grooves of flinger
sleeve.

h. Remove tool "G."

i. lubricate seal rings and rotate until gaps
are 1800 apart.
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1..- Fig. 24 - Installing Seal Rings on ----'
Flinger Sleeve

7. Compressor Housing Installation

a. Place spring over flanged thrust washer
(Fig. 25).

b. Mount gasket on bearing housing aligning
oil drain slot and socket-head capscrew
holes.

c. Center seal rings on flinger sleeve with
gaps 1800 apart.
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'-- __ Fig. 26 - Checking Shaft End Play __ ---I

d. Install compressor housing, matching oil
drain holes. Do not use force. If rings do
not enter housing easily, remove housing
and re-center rings.

e. Place four plain washers in the four coun
terboard holes in compressor housing, then
a lockwasher over each plain washer.

f. Install four socket head capscrews and
tighten to 20 Ibs. ft. torque.

8. Checking End Play

a. Mount dial indicator with contact point
resting against end of shaft (Fig: 26).

b. Move shaft to extreme up and down posi
tions. Make sure there is no movement of
shaft in flinger sleeve while making this
check.

e
c. Total movement should be from .004" to

.008".

9. Checking Compressor Wheel Back
Clearance

a. Place shim(s) over shaft.

b. Place tool "K" over shaft (Fig. 27).

c. Install locknut.
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Fig. 27 - Checking Compressor Wheel ---'
Back Clearance

Fig. 28 - Installing Compressor Wheel -_ ....

d. Use an 8 point %" socket wrench on square
extension of turbine wheel and a torque
wrench with %" socket on locknut.

e. Tighten to 30 Ibs. ft. torque.

f. Use feeler gauges to check back clearance
of compressor wheel. This should be from
.020" to .022". Shims .002", .005" and
.010" are available to adjust for proper
back clearance.

g. After proper clearance has been obtained,
remove tool "K."
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10. Compressor Wheel Installation

a. Apply light coat of "Lubriplate" to shaft.

b. Place compressor wheel over shaft.

c. The wheel is soft and should be started
squarely on the shaft to prevent shaving
the hole when the wheel is pressed onto
the shaft.

d. Place Tool"B" in arbor press (Fig. 28).

e. Remove unit from vise and place in arbor
press with square extension of turbine
wheel resting on Tool "B."

f. Place Tool "I" on compressor wheel.

g. Press wheel on shaft until it bottoms.

h. Return unit to vise.

11. Installing Compressor Wheel Locknut

a. Install locknut.

b. Use 8 point %" socket on square extension
of turbine wheel and a torque wrench with
3,4" socket on locknut.
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c. Tighten to 30 Ibs. ft. torque.

d. Place .020" - .022" thickness gauges under
compressor wheel blades. Rotate wheel
over gauges to check for bent blades.

12. Compressor Extension Installation

a. Install new gasket on compressor housing.

b. Place compressor extension uniformly over
dowel pins. If dowel pins are tight in holes,
tap extension lightly with plastic or raw
hide mallet.

c. Place new O-ring in groove in compressor
extension.

d. Place cover over extension and seat
against gasket. Secure cover to extension
with cover "V" clamp.

e. Stand unit on bench with shaft in horizontal
position and spin wheels by hand. Wheels
should rotate freely.

f. Mount turbocharger on engine following
installation instructions in Paragraph C,
REMOVALAND INSTALLATION.
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I. Turbocharger Service Tools

To enable the mechanic to perform the particular
disassembly and assembly operations of the tur
bocharger in the proper manner and in the least

amount of time, the following tools are available.
These tools must be ordered directly from the tool
manufacturer, Kent-Moore Organization, Inc.,
1501 South Jackson Street, Jackson, Michigan.

•A B c

IJ
G H J

Fig. 29 - Turbocharger Service Tools

KENT-MOORE
TOOL TOOL No. DESCRIPTION
A. J-9134 Ring Expander for Turbine End
B. J-9135 Support Block
C. J-9136 Bearing Snap Ring Pliers
D. J-6083 Bearing Snap Ring Pliers
E. J-9116 Ring Groove Width Gauge
F. J-9118 Nozzle Vane Spacing Gauge (.169)
G. J-9126 Ring Expander for Compressor End
H. J-9127 Compressor Wheel Disassembly Tool
I. J-9129 Compressor Wheel Assembly Tool
J. J-9128 Compressor Wheel Disassembly Tool
K. J-9131 Compressor Wheel Spacer Block
L. J-9282 Bearing and Thrust Washer Remover
M. J-9113 Torque Wrench Adapter
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J. Turbocharger

TROUBLE

Wheel drags

POSSIBLE CAUSE

1. Carbon build-up behind turbine
wheel and/or dirt accumulation be
hind the compressor wheel.

2. Bearing seized to shaft. Dirt
causing drag in bearing.

Turbine wheel 1. Worn bearings. Bore in bearing
radial movement housing worn. Shaft worn.
exceeds .023"

Shaft end play
exceeds .008"

Shaft end play
less than .004"

1. Thrust ring faces or thrust wash
ers worn or distorted.

1. Carbon build-up behind turbine
wheel. Dirt build-up behind com
pressor wheel.

Compressor wheel 1. Worn bearings. Bore in bearing
radial movement housing worn. Shaft worn.
exceeds .023"

Dirt on com
pressor housing
face and/or
inside cover

Compressor
wheel rubbing on
0.0. of blades

Compressor
wheel rubbing on
cover or back face

Inlet leading
edge of compres
sor wheel blades
either worn or _
pieces broken off

Evidence of
rubbing on the
small diameter
of the turbine
wheel blades
Litho in U.S.A.

1. Excessive intake restriction. Re
stricted oil drain line. Operating in
dusty areas under long idle periods.

2. Insufficient air filtration.

3. Long period of operating with
out cleaning.

1. Worn bearing. Unbalanced tur
bine wheel.

1. Insufficient clearance. Cover
damaged. Thrust washer worn.

1. Loosen pieces in air intake sys
tem and striking wheel.

1. Worn bearing. Unbalanced
wheel because of a bent or broken
blade.

3 -23
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1. Disassemble and clean unit.

2. Check oil pressure at turbocharger. Inspect
condition of oil.

1. Check oil flow pressure at turbocharger.
Inspect condition of oil. Wheels unbalanced.

1. Inspect for dirty oil or lack of oil.

1. Disassemble and clean unit.

1. Check oil flow pressure at turbocharger.
Inspect condition of oil. Wheels unbalanced.

1. Check for clogged air cleaner. Collapsed
hose, or leaks in air inlet hose. Clean unit.

2. Leaks in air intake between cleaner and
turbocharger.

3. Disassemble and clean unit.

1. Check condition of oil. Foreign material
passing through turbine side.

1. Check end play. Inspect cover for damage.

1. Inspect air intake system for loose nuts,
bolts, or other foreign material.

1. Dirty oil or lack of oil. Inspect for foreign
material. Replace wheel.

Supplement No. 1
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TROUBLE

Turbine wheel
rubbing on face
of bearing
housing

Broken or bent
turbine wheel
blades

Nozzle ring vanes
peened, reducing
the opening be
tween vanes.
Vanes pitted

POSSIBLE CAUSE

1. Carbon deposits on housing be
hind wheel. Improper end play.
Bent shaft.

1. Impact from failed engine parts,
fins or projection from exhaust
manifold or exhaust parts. Wheels
striking housing after bearing has
been damaged or worn.

1. Foreign material such as debris,
projection from exhaust manifold or
head castings, or failed engine
parts passing through turbine side,

Shaft bearing 1. Dirty lubrication, insufficientoil,
surfaces scratched or failure of oil supply. Wheel over-
and worn speeding.

Shaft worn on
one side only

Bearing scratched
and worn both
1.0. and 0.0.

Bearing seized
on shaft or
0.0. wear

Bearing worn
one side only

Thrust ring faces
scored or worn

Thrust washer
faces scored or
worn

Bearing housing
bore scratched
or worn

1. Operating with unbalanced
wheel.

1. Dirty lubrication, insufficientoil
or failure of oil supply. Wheel over
speeding.

1. Overheated, or lubrication
failure.

1. Operating with unbalanced
wheel.

1. Dirty lubrication, lack of oil. Unit
overheated, improper end play.

1. Dirty lubrication, lack of oil. Unit
overheated, improper end play.

1. Dirty oil, lack of oil. Wheels
unbalanced.
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1. Disassemble and clean. Check end play.

1. Inspect and clean exhaust system to turbo
charger. Replace wheel, inspect condition of
oil.

1. Replace nozzle ring.

1. Replace.

1. Replace.

1. Replace.

1. Replace.

1. Replace.

1. Replace.

1. Replace.

1. Replace if scored or out of round.
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TROUBLE POSSIBLE CAUSE

• Bearing housing 1. Oil leakage. Over fueling.
has carbon deposits

Compressor hous- 1. Dirty oil, lack of oil. Wheels
ing seal ring bore unbalanced.
worn or scratched

Dirt accumulated
on face behind
compressor
wheel

Compressor
extension has
scored contour

Dirty compressor
extension

Shaft discolored

Litho in U.S.A.

1. Excessive intake restriction. Re
stricted oil drain line. Operating in
dusty areas under long idle periods
or leak in air intake system.

1. Wheel rubbing because of ex
cessive end play. Worn thrust faces
or cover damaged by inpact from
dropping etc.

1. Excessive intake restriction. Re
stricted oil drain line. Operating in
dusty areas under long idle periods
or leak in air intake system.

1. Overheating. Insufficient oil
supply.

3-25

REMEDY

1. Clean housing. Check for restriction in air
intake system or restricted oil drain.

1. Replace if scored or out of round.

1. Service air cleaner. Check air intake
system.

1. Replace cover if deeply scored or dam
aged.

1. Clean.

1. Reuse if only slightly discolored and not
deeply scratched.
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1. DESCRIPTION OF SYSTEM

n

The engine cooling system includes the water pump,
radiator, engine oil cooler, thermostats, engine
temperature gauge, cooling fan, and the water
passages in the cylinder block and cylinder heads.
The water pump draws the coolant from the bottom
of the radiator and circulates it through the engine
oil cooler, the transmission oil cooler, and through
the water passages in the engine. The coolant is
discharged from the cylinder heads into the water
outlet manifold and passes through the thermostat
housing and the radiator inlet elbow to the upper

part of the radiator. The coolant is cooled as it
passes from the top to the bottom of the radiator
core by air forced through the radiator core by
the cooling fan.

The two thermostats, located in the thermostat
housing at the front of the water outlet manifold
are of the "FULLCHOKE" type and operate auto
matically to maintain a minimum coolant operating
temperature of 1700 F.

2. GENERAL MAINTENANCE

In warm weather, keep the cooling system filled
with clean soft water or rain water whenever pos
sible. If soft water is not available and hard water
must be used, the hard water should first be treated
with a water softener. A commercially reliable rust
inhibitor should be added to the cooling system for
warm weather operation. A rust inhibitor (soluble
oil), available in half pint or quart containers, can
be obtained from "Allis-Chalmers" Dealers and
should be added to the cooling system in propor
tions of 1 pint of soluble oil to every 15 quarts of
water. CAUTION: NEVER ADD AN ANTI-FREEZE
SOLUTION TO A COOLING SYSTEM THAT CON
TAINS A RUST INHIBITOR. Drain and flush the
cooling system with- clean water before adding an
anti-freeze solution for cold weather operation.

In winter weather, use an ethylene glycol anti
freeze solution in the system to protect against
damage from freezing. This type of anti-freeze has
a much higher boiling point than water. After any

addition of water or anti-freeze compound, test the
solution after the added quantity has become thor
oughly mixed to be sure that it will withstand the
prevailing or anticipated temperature. Refer to
instructions or protection chart furnished by the
manufacturer of the anti-freeze for information on
protection required for the lowest anticipated tem
perature. Usually a mixture of 64% ethylene glycol
and 36% water provides maximum protection.

Keep the radiator air passages free from leaves,
trash, and other material which will restrict the
flow of air through the radiator.

All leaks in the cooling system must be corrected
as soon as they are evident. The fan drive belts and
the water pump and generator drive belt must be
kept properly adjusted.

The most efficient engine operation is obtained with
the coolant operating temperature held to a mini-
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mum of 1700 F. Operating the engine with the
coolant temperature below this range will result in
incomplete combustion of fuel, higher fuel con
sumption with less power, and will cause harmful
deposits within the engine.

Maintaining the coolant operating temperature
(minimum1700 F.) depends mostly on proper func-
tioning of the thermostats. If the coolant tem
perature remains consistently below normal, the V
thermostats should be removed, checked for proper
operation, and replaced if necessary.

3. DRAINING AND FILLING OF SYSTEM

A. Draining of Cooling System

Remove the radiator cap and open the cylinder
block drain cock located on the right side near
the front and rear of the engine. Open the drain
cock located on the bottom of the timing gear
housing below the water inlet to the water pump.

After the coolant has started to drain, open the
vent cock on the side of the water outlet manifold.
To remove the water from above the thermostat it
is necessary to open the vent cock in the side of
the thermostat housing. NOTE:When draining the
cooling system in freezing weather, be certain that
the coolant flows freely from all drain cocks and
that the system drains completely.

B. Filling of Cooling System

Close the drain cocks which were open to drain the
system (Paragraph A above). Leave the vent cocks
located at the water outlet manifold and thermo
stat housing open. Fill the system with coolant

Fig. J - Coo'ing System Drain Cock Locations

through the radiator. Observe the vent cocks and
as soon as bubble free coolant appears, close the
cocks. This allows air trapped in the engine by
the closed thermostats to escape. Install the radi
ator cap.

4. CLEANING OF SYSTEM

It is recommended that the cooling system be
cleaned at least twice a year, usually at the begin
ning of cold weather (before adding an anti-freeze
solution) and again after the anti-freeze solution
is removed. Cleaning at these intervals will reduce
clogging and over-heating and will minimize the
necessity of removing the radiator for cleaning.

If hard water has been used, the necessity for
cleaning is greater, since lime deposits, or scale,
will form in the radiator, cylinder block, and the
cylinder head. This lime deposit is detrimental to
the engine and the radiator core. Flushingthe radi
ator will remove obstructions in the radiator tubes
and other water passages, which, if not removed,
would eventually clog these passages. It is also

important that the air passages through the radi
ator be kept free of obstructions and the exterior
of the engine be kept free from thick deposits of
dust and oil.

A. Cleaning Materials

Sal Soda is a very effective and safe solvent for the
removal of lime, scale, and other foreign deposits
from the cooling system. It should be used in the
proportions indicated and according to the direc
tions printed on the container in which it is pur
chased. Many other good cleaning solvents for this
purpose are available; these should be used ac-
cording to the Manufacturer's directions. After the V
solvent has been in the cooling system the pre-
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scribed length of time, the system should be com
pletely drained, and after the engine has cooled
sufficiently, thoroughly flushed with clean water.
The use of certain cleaning compounds requires
the use of a neutralizer solution, which is usually
packed and sold with the cleaning compound, and
should be used as directed. CAUTION: Never mix
anti-freeze solutions or inhibitors with any cleaning,
neutralizing, or flushing compounds.

B. Flushing

n

If the tubes in the radiator become clogged, the
obstructions may sometimes be removed by reverse
flushing of the radiator. When the clogging is
caused by leaves or other trash, this material is
usually deposited at the tops of the radiator tubes.
Disconnect the radiator lower hose, and using a
suitable adaptor, connect a pressure water hose
to the radiator water outlet elbow. Remove the
radiator upper hose and plug the opening of the
radiator. Remove the radiator cap and force water
upward through the radiator. The trash will be
loosened from the top of the tubes and will flow
out through the top of the radiator with the water.
CAUTION: Do not use over 5 pounds pressure in
this flushing operation as excessive pressure may
cause the radiator tubes or tanks to rupture.

C. Inspect for Leaks After Cleaning or
Flushing

After the cooling system has been cleaned or
flushed, and after the system is refilled, a complete
inspection of the system should be made for coolant
leaks. Correct all leaks to avoid foaming, loss of
solution, and corrosion.

When servicmq the cooling system for summer
operation, it is recommended that a reliable rust
inhibitor (soluble oil) be added to the coolant to
keep the system free from rust. Use the inhibitor
as directed on the container.

D. Cleaning Exterior of Radiator

Cleaning the fins of the radiator can best be accom
plished by means of an air blast carrying a grease
solvent, such as oleum spirits or carbon tetra
chloride, directed at the core and passing through
to the fan side. Never use ga'soline, fuel, or kero
sene. The radiator guard should be removed and
the engine should be covered before performing
this operation. CAUTION: Provide adequate ven
tilation of the working area during this operation
to avoid possible toxic effects of the cleaning spray.

5. WATER PUMP

A. Description

A centrifugal type water pump assembly is pro
vided for circulating the coolant through the en
gine cooling system. The water pump is flange
mounted on the rear of the engine block, as shown
in Fig. 2, and is belt driven at 1.263 times crank
shaft speed. The pump shaft is supported in the
pump housing by two ball bearings.

The impeller (Fig. 3), is retained on the tapered
end of the pump shaft by means of a retaining nut
and cotter pin. The bearings are shielded on one
side only and the bearing compartment of the
pump housing is packed with lubricant at assembly.
A neoprene seal assembly and a water flinger are
provided at the front of the impeller to prevent
coolant from entering the bearing compartment
side of the pump housing. The pump shaft and
bearings are retained in the pump housing by a

threaded bearing seal retainer and snap ring
installed in the housing.

The driving pulley is secured to the driving pulley
flange with capscrews and lockwashers. The driving
flange is secured to the water pump shaft assembly
with a "WOODRUFF" key, retaining nut and lock
nut. A drilled and tapped lubricating passage is
provided in the pump housing to accommodate a
lubricating fitting for added lubricant to the bear
ings periodically (each 100 hours of operation).

B. Service

The construction of the water pump is conducive to
long life with minimum attention, providing only
clean coolant is added to the cooling system. Water
containing alkali is especially harmful to the com
ponents of the water pump because alkali causes
corrosion.
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c.. Removal of Water Pump

1. Drain the cooling system (refer to "DRAIN
ING AND FILLING OF SYSTEM" in this
Section).

2. Loosen the air compressor belt adjustment
at the air compressor pulley and slip the
belt from the water pump and air com
pressor pulleys.

3. Remove the capscrews and lockwasher se
curing the driving pulleys to the pulley
driving flange. Remove the pulley. Remove
the capscrews and the lockwashers securing
the water pump assembly to the timing gear
housing. Remove the water pump assembly.
NOTE: It may be necessary to "iar" the
pump assembly to free it from the timing
gear housing.

D. Water Pump Disassembly

1. Remove the cotter pin and the impeller re
taining nut from the shaft.

NOTE: Two ~t- 18 NC tapped holes are
provided in the impeller for the use of a
puller to remove the impeller from the shaft.
Using a suitable bar type puller, pull the
impeller from the shaft. NOTE: The seal
assembly is now accessible. If a seal assem
bly replacement only is to be made, it will
not be necessary to remove the shaft as
sembly from the pump.

2. Loosen the two nuts and using a suitable
puller, remove the pulley drive flange.

3. Remove the sealing washer retainer snap
ring from the housing, turn the sealing
washer retainer from the housing and re
move the retainer, sealing washer, and the
retaining washer.

4. Place the pump housing assembly on a
press, with the impeller end of the shaft up.
Press on the upper end of the shaft and
remove the shaft and bearings from the
pump housing.

5. Press the shaft from the bearings.

E. Water Pump Inspection

Repair of the water pump will consist of the re
placement of any worn or damaged parts.

1. If the ceramic insert for the seal assembly , •
(bonded to the impeller) is scored or rough, '-'
a new impeller assembly must be installed.
If the sealing face of the seal assembly is
scored or rough, drive the seal assembly
from the pump housing. NOTE: The seal
assembly is serviced only as a unit.

2. Clean and inspect the bearings for loose
ness, roughness, and bind, and replace if
necessary.

3. Thoroughly clean the pump housing and
check the condition of the bore for the
bearings in the housing; replace the housing
if necessary.

4. Inspect the condition of the shaft and the
water flinger and replace if necessary.

F. Water Pump Assembly

1. Install the water flinger on the shaft so that
the flanged end is located ~611 from the
front face of the shoulder on the shaft.
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L- Fig. 4 - Water Pump - Sectional View ---'

1. Body
2. Impeller Assembly
3. Shaft and Flinger Assy.
4. Seal Assembly
5. Bearing
6. Bearing Spacer
7. Bearing
8. Seal Retaining Washer
9. Cotter Pin

10. Nut
11. Shipping Cap
12. Seal Retainer
13. Seal Washer
14. Snap Ring
15. Flange
16. Hex Nut
17. Pal Nut
18. Woodruff Key No.5

2. Press the rear bearing onto the shaft, being
certain that the shielded side of the bear
ing is toward the impeller end of the shaft.
Place the bearing spacer on the shaft. Press
the front bearing onto the shaft, being
certain that the shielded side of the bearing
is toward the pulley end of the shaft.

3. Place the pump housing on a press, with
the impeller side of the housing downward.
Start the shaft (with bearings) in the pump
housing. Pressing on the inner race of the
rear bearing, press the shaft (with bear
ings) in the housing. IMPORTANT:Hand
pack the area between the bearings with
clean ball and roller bearing lubricant.
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4. Install the retaining washer. Insert a new
sealing washer in the sealing washer re
tainer and turn the washer retainer into the
pump housing until the hole in the retainer
is aligned with the hole in the housing for
the retainer snap ring. Install the retainer
snap ring.

5. Insert the "WOODRUFF" key in the shaft
and insert the driving pulley flange on the
shaft. Place the retainer nut on the shaft,
tighten securely, and install the locking nut.

6. Install the seal assembly on the impeller
end of the shaft and into position in the
housing, using care to prevent damage to
the seal assembly.

7. Place the impeller on the shaft and start the
impeller retaining nut. Tighten the retaining
nut to a torque of 40 to 50 Ibs. ft. NOTE:
Tightening of the retaining nut to the above
torque should press the impeller onto the
shaft so that a clearance of .018" to .049"

;s provided between the impeller and the
rear face of the housing. Insert the cotter
pin in the retaining nut.

G. Installation of Water Pump

1. Place the water pump assembly in the
timing gear housing, using a new gasket.
Be certain that the square cored opening
(seal drain opening) in the pump housing
is to the bottom. Secure the water pump to
the timing gear housing with capscrews and
lockwashers. Place the driving pulley on the
driving flange and secure it with the lock
washers and capscrews.

2. Be certain that the lubricating fitting is in
good condition.

3. Install the water pump and air compressor
drive belt and adjust.

4. Fill the cooling system (refer to "DRAINING
AND FILLINGOF SYSTEM" in this Section).

6. THERMOSTATS AND THERMOSTAT HOUSING

A. Description

The two thermostats, located in the thermostat
housing at the rear of the water outlet manifold,
operate automatically to maintain a minimum
coolant operating temperature of 1700 F. The
thermostats are so positioned, that when they are
closed, the flow of coolant from the engine water
outlet manifold to the radiator is completely shut
off. The flow of coolant is then directed from the
water outlet manifold through the water by-pass
tube and back to the inlet side of the water pump.

Before the thermostats open, the coolant circulates
through the engine circulating system only. When
the thermostats open, the coolant circulates through
the radiator, the engine circulating system and the
by-pass tube to the inlet side of the water pump.
The by-pass is constantly open regardless of wheth
er the thermostats are open or closed.

The thermostats are of the "full choke" type and do
not have a bleed or vent hole. One thermostat has
an opening temperature rate of 1700 F. and the

other an opening rate of 1800 F. It does not make
any difference in their operation which thermostat
is placed in the front or rear opening in the water
outlet manifold. When a coolant temperature of
1700 F. is reached, the lower rating thermostat
starts to open and allows the coolant to pass to the
radiator. The higher rating thermostat remains
closed until a coolant temperature of 1800 F. is
reached, at which time the lower rating thermostat
is nearing its maximum open rate and the higher
rate thermostat starts to open. This two thermostat
set-up with different opening temperature rates,
results in a better stabilized coolant temperature.
Because the thermostats do not have a bleed or
vent hole, it is necessary to have a vent cock in the
water outlet rear manifold and in the thermostat
housing to vent out trapped air in the engine cool
ing system when filling the system with a coolant.

B. Service

Replacement of the thermostats will become neces
sary when the thermostats become corroded, stick
ing in the open or closed position. If the engine
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Fig. 5 - Water Outlet Manifold Details .....J

1. Water Outlet Manifold
2. Gasket
3. Water Manifold Connecting Tube
4. O-Ring
5. Water Outlet Manifold
6. Thermostat Housing
7. Gasket

overheats or does not reach and maintain a mini
mum temperature of 1700 F., the thermostats
should be removed and tested as a possible cause
of the trouble. Remove the thermostats (refer to
C below).

One thermostat starts to open at 1700 F. and is
fully open at 1850 F. and the other starts to open
at 1800 F. and is fully open at 1950 F. A variation
of plus or minus 50 is permissible. Suspend the
thermostats in a pan of clean water so that the
thermostats are completely immersed. Use an accu
rate thermometer to check the water temperature

11~

12~!!
13~

I I
TO TIMING GEAR

HOUSING
~

8. Thermostat Housing Stud
9. Thermostat (2 used, 1700 and 180°)
10. Water By-Pass Tube
11. O-Ring
12. Water By·Pass Flange
13. Gasket

and gradually heat the water. As the tempera
ture of the water approaches opening temperature,
observe the thermostats and verify opening tem
perature as well as the full open temperature. The
amount of travel between the closed and open
position is approximately ~6". Stir the water to
obtain an accurate check. The thermostats are not
adjustable and if they do not open and close within
the above limits, they must be replaced. The only
service necessary on the thermostat housing is to
be certain that the housing is not cracked and that
new gaskets are used during reassembly of the
housing.
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C. Thermostat and Thermostat Housing
Replacement

1. Drain the cooling system (refer to "DRAIN
ING AND FILLING OF SYSTEM" in this
Section).

2. Remove the nuts and the lockwashers secur
ing the water outlet elbow to the thermo
stat housing; remove the water outlet elbow.

3. Remove the capscrews and lockwashers
securing the thermostat housing to the water
outlet manifold and remove the thermostat
housing, gasket and thermostats.

4. Clean and inspect the thermostat housing.

5. Place the two thermostats in the water
outlet manifold. Install a new gasket.
Place the ther mostat housing in position
and secure with capscrews, nuts and
lockwashers.

6. Place the water outlet elbow on the thermo
stat housing and into the radiator inlet
hose. Secure the water outlet elbow to the
thermostat housing with the nuts and lock
washers, being certain that the gasket be
tween the elbow and housing is properly
positioned. Tighten the hose clamps on the
radiator inlet hose securely.

7. Fill the cooling system with coolant (refer to
"DRAINING AND FILLING OF SYSTEM"
in this Section).

7. FAN, FAN BELTS AND FAN BELT ADJUSTMENT

A. Description

n
The fan pushes air through the radiator and the
engine coolant is cooled as the coolant circulates
from the top to the bottom of the radiator core.
The fan hub assembly is mounted on a bracket,
which is bolted to the rear of the engine cylinder
block. The fan is bolted to the fan hub assembly,
which rotates on two ball bearings, and is driven
by two matched drive belts from the crankshaft
pulley. A fan belt tightener assembly, mounted on
the fan mounting bracket, is provided for adjusting
the fan belt tension.

The original fan driving belts supplied on the en
gine are a matched pair of identical length. If only
one belt replacement is required, it is imperative
that both belts are replaced with a matched pair,
otherwise satisfactory belt life will not be obtained.

B. Lubrication

The fan hub bearings must be lubricated each 100
hours of operation.

C. Fan Drive Belt Adjustment

The fan drive belts are properly adjusted when the
straight side of the belts can be pressed inward by
hand approximately :!1 to %-inch at a point half-

way between the crankshaft pulley and the fan
hub pulley. To adjust the drive belts, drive the roll
pin from the jam nut at the front of the fan hub
spindle. Loosen the belt adjusting screw locknut,
then loosen the spindle jam nut. Turn the adjusting
screw in or out as necessary to obtain the proper
tension on the belts. Tighten the spindle jam nut
and install the roll pin, then tighten the adjusting
screw lock nut.

D. Fan Hub Removal

l. Refer to "FAN DRIVEBELTADJUSTMENT,"
Paragraph C, and loosen and remove the
fan drive belts.

2. Loosen the generator adjustment capscrew
and remove the drive belt.

3. Loosen the fan, air compressor and water
pump drive belt. Refer to "AIR BRAKES."

4. Remove the roll pin used to lock the slotted
jam nut on the front end of the fan hub
spindle. Loosen the lock nut on the adjust
ing screw and remove the screw and lock
nut as an assembly. Remove the jam nut
and washer from the spindle and withdraw
the fan hub assembly from the fan mount
ing bracket.
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5. The fan mounting bracket may now be of the hub and turn the spindle sealing
removed if necessary. washer retainer out of the fan hub; remove

the retainer, spindle sealing washer, rear

UE. Disassembly of Fan Hub bearing retaining washer, and the retain-
ing washer gasket.

l. Remove the cap retaining snap ring at the
rear of the hub. Pump grease into the hub 3. Place the fan hub assembly in a suitable
until the hub cap pops out to where it can press, with the fan end of the pulley up-
be pried from the hub. Otherwise it will ward, and press the spindle and bearings
be necessary to punch a hole in the hub from the fan hub.
cap and pry it from the hub with a screw-
driver. 4. Remove the cotter pin and fan spindle nut

from the spindle and press the spindle from
2. Remove the fan hub snap ring at the front the bearings.

L-- Fig. 6 - Fan Hub - Cross Section -- ...J

1. Hub
2. Spindle
3. Nut
4. End Cap
5. Snap Ring
6. Ball Bearing
7. Spacer - Washer
8. Washer Clamp
9. Ball Bearing

10. Bearing Spacer
11. Nut (Slotted Hex)
12. Roll Pin
13. Gasket
14. Seal - Retaining Washer
15. Seal - Washer
16. Snap Ring
17. Seal Retainer
18. Cotter Pin
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F. Inspection of Fan Hub Assembly

Wash all parts thoroughly in a clean solvent or
fuel and inspect the parts for wear or damage.
Rotate the bearings by hand and check for loose
ness, roughness, and binding, and replace them if
necessary. Inspect the spindle and be certain that
it is not bent or worn and that the threads are not
damaged beyond repair. Inspect the fan hub for
wear and be certain that the pulley grooves are
smooth and that the pulley is not chipped or
cracked. Discard the spindle sealing washer and
the retaining washer gasket and install new ones
when assembling. Replace the generator drive belt,
the air compressor and water pump drive belt, and
the fan drive belts if they are worn or frayed.

G. Assemblyof FanHub

1. Press the front ball bearing onto the spindle.
Place the spindle bearing spacer and the
rear bearing spacing washer on the rear
end of the spindle. Press the rear bearing
into the spindle.

2. Install the spindle nut, tighten securely, and
install the cotter pin.

3. Place the pulley on a press, with the fan
end of the pulley downward. Start the
spindle (with bearings) in the pulley. Press
ing on the front end of the spindle, press
the spindle (with bearings) in the pulley.
NOTE: While pressing the spindle into the
pulley, hand pack the area between the
bearings with clean boll and roller bearing
lubricant.

4. Install a new retaining washer gasket and
the rear bearing retaining washer on the
spindle. Insert a new spindle sealing cork
washer into the spindle sealing washer re
tainer and turn the washer retainer into the
pulley until the hole in the retainer is
aligned with the hole in the pulley for the
fan hub snap ring. Install the fan hub
snap ring.

5. Hand pack the hub cap with grease before
installing and secure with the cap retaining
snap ring. v

Fig. 8 - Fan Drive Belts Adjuster

H. Fan Hub Installation

l. Install the fan mounting bracket if it was U
removed.

2. Insert the front end of the fan hub spindle
in the fan mounting bracket. Install the
spindle clamping rear washer, and start the
slotted jam nut onto the fan spindle and
snug the jam nut, but do not tighten.

3. Place the air compressor and water pump
drive belt, the fan drive belts, and the
generator drive belt on the pulleys.

4. Adjust the fan drive belts (refer to "FAN
DRIVEBELTADJUSTMENT," Par. C, in this
Topic). Adjust the air compressor and water
pump drive belts (refer to "AIR COMPRES-
SOR AND WATER PUMP DRIVE BELTAD-
JUSTMENT," in Section XII). Adjust the
generator drive belt (refer to "GENERATOR
DRIVEBELTADJUSTMENT," in Section VI).

U
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SECTION V - ENGINE LUBRICATING SYSTEM

Topic Page
Topic Title No. No.

Description of System .. . . . . . . . . . . . . . . . 1
Oil Pan 2 3
Lubricating Oil Pressure Pump 3 4
Oil Pressure Regulating Valve 4 7
Lubricating Oil Cooler and Transmission

Oil Cooler 5 8
Lubricating Oil Filter . . . . . . . . . . . . . . . .. 6 10

1. ENGINE LUBRICATING SYSTEM II
A. Description

The engine lubricating system is designed so that
the engine can be operated at an angle of 20° in
any direction. This system is known as a full pres
sure lubricating system. Oil pressure at normal
operating temperature should be 30 - 55 P.S.I. at
high idle engine speed.

n The engine is pressure lubricated throughout by a
gear type lubricating oil pump (pressure pump)
driven by a gear in mesh with the crankshaft gear,
located on the rear end of the crankshaft. A pump
pressure relief valve (located in the pump housing)
is provided and is set to relieve when discharge
pressure in the engine oil pressure pump exceeds
130 P.S.I.

The lubricating oil pump draws the oil from the
crankcase through the lubricating oil pressure pump
suction screen which is submerged in the lubricating
oil. The pump then circulates the oil under pressure
through the full flow oil filter, the engine oil cooler,
and then to the main oil gallery of the engine which
extends lengthwise through the cylinder block. Oil
passages direct the oil from the main oil gallery to
the camshaft and main bearings and through the
rifle drilled connecting rods to the piston pins.

Stabilized oil pressure is maintained within the

engine by an oil pressure regulating valve, located
in the main oil gallery at the left front corner (fly
wheel housing end) of the cylinder block. Excess
oil by-passed through this valve returns to the
crankcase oil pan.

A horizontal and vertical oil passage through the
center of the cylinder block extends from the main
oil gallery to a cavity in the left side of the cylinder
block. From this cavity there are two openings
which align with an oil passage in each cylinder
head, conveying the oil to a passage in the Nos. 3
and 4 rocker arm shaft brackets and to the hollow
center of the rocker arm shafts which have pas
sages for each rocker arm.

A horizontal oil passage to the side of the block
below the fuel injection pump is connected to the
injection pump by an externalline. This external line
conveys oil to the fuel injection pump housing.
Excess oil from the fuel injection pump is dumped
into the timing gear housing and returned to the
oil pan.

The oil filter head contains a pressure relief valve
which is provided to by-pass the filter, sending the
unfiltered oil into the main gallery if the filter
becomes clogged or if in cold weather the oil is
too thick to circulate freely through the oil filter.
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Schematic Diagram

1. Rocker Arm Shaft Drain Tubes
(Drain Back to Oil Pan)

2. Turbocharger
3. Returns to Oil Pan
4. To Valve Rocker Arm Shafts
5. Camshaft Bearing
6. Crankshaft Oil Passage
7. Main Bearings
8. Oil Pressure Regulating Valve
9. Engine Oil Cooler
10. Restrictor
11. Oil Filter Pressure Relief Valve
12. lubricating Oil Filters

13. Oil Pressure Pump Suction Screen
14. Oil Pan
15. Oil Drain Plug
16. Lubricating Oil Pressure Pump
17. Lubricating Oil Pump Pressure Relief Valve
18. Fuel Injection Pump
19. Main Oil Gallery
20. To Connecting Rod Bearings and Piston Pins

(Drains Back to Oil Pan)
21. Air Compressor
22. Restricted Rocker Arm Shaft Brackets at

Nos. 3 and 4 Cylinders
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2. OIL PAN

A. Description

The cast iron oil pan is the reservoir for the engine
lubricating oil. It is so designed that the engine
can operate at an angle of 20° in any direction.
The sump is provided with a drain plug to facilitate
the oil changing procedure.

B. Removal and Inspection

In order to remove the oil pan, the engine must be
removed from the loader (refer to "ENGINE").

1. Place the engine on a suitable engine
stand.

2. Remove the drain plug from the sump and
drain the lubricating oil.

3. Remove the capscrews and lockwashers
securing the front of the pan to the flywheel
housing. Remove the capscrews and lock
washers from the rear and side rails of the
oil pan.

4. Jar the oil pan loose from the cylinder
block and remove it from the engine.

5. Thoroughly wash all of the parts in a
cleaning solvent.

6. Inspect the drain plug and oil pan for crocks,
or other damage. Replace them if necessary.

7. Inspect the sealing ring in the rear of the
flywheel housing which contacts the front
of the oil pan. CAUTION: Be positive that
it is in perfect condition.

5-3

c. Assembly of Oil Pan to Engine

1. Using gasket cement, cement the oil pan
gaskets to the rear and side rails of the
oil pan.

2. For ease of installing the oil pan, make up
guide studs and screw them into the side
oil pan rails of the new cylinder block.
Also have available a greased sheet of
shim stock larger than the front area of the
oil pan. The greased sheet of shim stock is
to be placed against the seal ring in the
lower half of the flywheel housing to pro
tect the seal from damage when the oil
pan is installed.

3. Mount the oil pan on the guide studs. Hold
it in position by inserting a capscrew and
lockwasher near each corner, but do not
tighten it so that the oil pan cannot be
shifted. Carefully ease out the greased
sheet of shim stock protecting the seal ring
in the flywheel housing.

4. Remove the guide studs. Install the cap
screws and lockwashers which secure the
front flange of the oil pan to the flywheel
housing and tighten them securely.

5. Install the remaining capscrews in the oil
pan rear and side rails and tighten them
securely.

6. Install the drain plug with a new gasket
into the drain plug hole and tighten it
securely.

7. Fill the oil pan with lubricating oil to the
proper level (refer to Par. E, Topic 7, of
this Section).



3. LUBRICATING OIL PRESSUREPUMP

A~ Description

The gear-type oil pressure pump is mounted on the
cylinder block below the rear main bearing cap.
The oil pressure pump driving gear is a helical gear
which meshes directly with the crankshaft gear.

The oil pressure pump driving gear and the upper
gear (internal) are keyed as well as pressed onto
the upper shaft. The lower gear (internal), contain
ing a bushing, rotates as an idler on a shaft pressed
into the pump body and held by a retainer. Bush
ings are provided in the pump housing and in the
pump cover assembly for the upper shaft.

A plunger type pressure relief valve, located in the
pressure side of the oil pressure pump housing,
by-passes excess oil back to the oil pan when the
discharge pressure exceeds 130 P.S.1. To protect
the oil pump gears, a suction screen is attached to
the oil pump suction pipe.

B. Removal (Fig. 3)

1. Drain the engine lubricating oil and remove
the oil pan. (Refer to "Oil PAN," Par B -
Removal and Inspection.)

2. Remove the capscrews and lockwashers at
taching the oil pressure pump discharge
pipe to the oil pressure pump assembly.
Remove the capscrews and lockwashers
securing the front end of the oil pressure
pump discharge pipe to the cylinder block.
loosen the pipe supporting clamp and re
move the oil pressure pump discharge pipe.

3. Remove the capscrews and lockwashers
securing the oil pressure pump suction pipe
to the oil pressure pump. Remove the cap
screw, flat washers, lockwasher, nut and
cotter pin, securing the oil pressure pump
suction pipe to the supporting clamp and
remove the oil pressure pump suction pipe.

4. Remove the capscrews and lockwashers
securing the oil pressure pump assembly to
the cylinder block and remove the oil
pressure pump assembly.

DRIVING GEAR

Fig. 2 - Removing Lubricating Oi' Pressure
Pump Driving Gear

c. Disassembly (Figs. 2 and 3)

l. Thoroughly wash the pump assembly. Re-
move the cotter pin and slotted nut from
the rear end of the upper shaft. Place the
oil pump assembly in a vise equipped with
copper jaws, clamping the driving gear. a .~
Using tools as shown in Fig. 2, press the '-'
pump from the gear. Remove the "WOOD-
RUFF"key from the pump shaft. File off any
burrs on the shaft.

2. Remove the locking wires and drilled head
capscrews and lockwashers securing the
cover assembly to the pump housing. Then
tap the cover lightly to loosen it from the
dowel pins and remove the cover assembly.

3. Remove the upper shaft assembly with the
gear.

4. Slide the lower gear from the lower shaft.

5. Unlock and remove the pressure relief
valve assembly from the pump housing.

6. Remove the capscrew and lockwasher se
curing the lower shaft retainer and remove
the retainer and the lower shaft.
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Assembly Details

D. Cleaning and Inspection of Oil Pressure
Pump Parts

1. Wash all of the oil pump components in a
clean solvent and thoroughly inspect all of
the parts before reassembling the oil pump.

The principal wearing parts of the oil pump
are the upper and lower gears. If dirt and
sludge have been allowed to accumulate in
the lubricating system, oil pump gear wear
may be rather pronounced in a compara
tively short time. When the oil has been
kept clean and the oil filter has been
properly serviced, the wear on these parts
should be very slight.

2. Inspect the pump gear teeth, the inside of
the pump housing, and the inner face of the
cover for wear and scoring. The gear teeth,
the inside of the pump housing, and the
inner face of the cover must be smooth, with
no scratches, score marks, or rough spots.

The radial clearance between the pump
gears and the pump housing should be
.001751/ to .002751/. When the radial c1ear-
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once exceeds .0041/ to .0061/, it will be
necessary to replace the worn parts. The
end clearance of the gears in the pump
should be .0021/ to .0041/. When the end
clearance exceeds .0051/ to .007", it will
be necessary to replace the worn parts. If
replacement of the oil pump gears is neces
sary, the oil pump gear must be pressed
off the shaft. When installing the upper
gear on the upper shaft, install the
1/WOODRUFF1/ key in the shaft and press
the shaft into the gear (chamfered side of
gear next to shoulder on shaft) until the
gear is against the shoulder on the shaft.

3. Inspect the pump shafts and bushings for
excessive wear or scoring and replace them
if necessary.

a. The specified clearance between the
upper shaft and the bushing located in
the pump housing is .00151/ to .003011•

After installing a new bushing in the
pump housing, it should be reamed to
.937" / .9381/.

b. The specified clearance between the
upper shaft and the bushing located in
the pump cover is .0015" to .0035".
After installing a new bushing in the
pump cover, it should be reamed to
1.24951/ / 1.25051/.

c. The specified diameter of the upper
shaft at the housing location is .93501/
to .93551/ and at the cover location is
1.24T' to 1.2481/.

d. The specified clearance between the
lower gear bushing and the lower shaft
is .00051/ to .0021/. After pressing a new
bushing into the lower gearl drill a
Ye1/oil hole through the bushing (in line
with the oil hole provided in the gear),
then burnish or ream the bushing to
.7495" / .7505". The specified diameter
of the lower shaft is .74851/ to .74901/.

e. Also, be certain that the oil holes and
passage in the upper shaft and the oil
hole in each gear are open before
reassembling the pump.



Fig. 4 - Installing Bushing in Typical Oil
Pressure Pump Housing

4. Disassemble and inspect the pressure relief
valve. The piston must slide smoothly in the
bore of the valve body. When the piston
or the bore of the valve body show exces
sive wear or roughness, a new valve as
sembly must be installed.

5. Remove the oil screen from the suction pipe.
Thoroughly clean, and reinstall.

E. Assembly (Fig. 3)

The upper shaft has two keyways; one for the pump
driving gear and one for the upper gear. A #6
(~3'tx %") "WOODRUFF" key is required for each
keyway. Lubricate the bushings and shafts with
clean oil and assemble the oil pump as follows:

1. Install the pressure relief valve assembly
and secure it with the pressure relief valve
body lock.

2. Install the lower shaft in the pump housing
and secure it with the retainer, lockwasher,
and capscrew. Secure the capscrew with a
locking wire.

3. Install the lower gear on the lower shaft.

4. Insert the upper shaft, with the upper gear
on the shaft, into the pump housing.

5. Position the pump cover assembly over the
dowel pins in the pump housing and secure

it with the drilled-head capscrews, lock
washers, and locking wires.

6. Install the "WOODRUFF" key in the upper
shaft and press the pump driving gear on
the shaft. Install and tighten the slotted nut
and secure it with the cotter pin.

7. Be sure that the assembled pump will turn
without binding before proceeding to at
tach it to the engine.

F. Installation

1. Install the oil pump on the cylinder block,
inserting the dowel pins into the holes in
the cylinder block, and secure the pump to
the cylinder block with the capscrews and
lockwashers.

NOTE: The specified backlash between the
oil pump driving gear and the crankshaft
gear is .003" to .007" and should not ex
ceed .020".

2. Using new gaskets, install the oil pressure
pump suction pipe onto the oil pressure V
pump and secure it with the lockwashers
and capscrews.

3. Place the pipe supporting clamp over the
oil pressure pump suction pipe and tighten
the capscrew and nut securing the oil pres
sure pump suction pipe to the supporting
bracket.

4. Using new gaskets, install the oil pressure
pump discharge pipe onto the oil pressure
pump and the cylinder block and secure
it with the lockwashers and capscrews.

5. Place the pipe supporting clamp over the
oil pressure pump discharge pipe and
tighten the capscrew and nut to secure the
oil pressure pump suction pipe to the sup
porting bracket.

6. Install the engine oil pan, using a new oil
pan gasket set. Fill the engine crankcase
to the proper level with the specified lubri- V
cant (refer to "LUBRICATING OIL FILTER,"
Topic 6, in this Section).
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4. OIL PRESSUREREGULATING VALVE

A. Description

Stabilized oil pressure is maintained within the
engine by an oil pressure regulating valve (Fig. 5),
located in the main oil gallery at the left front
corner of the cylinder block. When conditions are
such that the oil pressure in the regulating valve
exceeds approximately 40 - 50 P.S.I., the valve
piston is pushed off its seat and the excess oil is
by-passed through this valve to the crankcase oil
pan.

The pressure regulating valve should require very
little attention under normal conditions. If the lubri
cating system is allowed to sludge, the valve may
not work properly. If the valve sticks in the open
position, a sharp drop in the engine oil pressure
will occur; or if the valve sticks in the closed posi
tion, a sharp rise in the engine oil pressure will
occur. If the oil pressure should rise or drop
sharply, the regulating valve must be disassembled
and checked for damage or sludge.

Whenever the oil pump or engine is disassembled,
all of the components of the oil pressure regulating
valve assembly should also be removed, thoroughly
cleaned, and inspected.

B. Disassembly of Oil Pressure Regulating
Valve

1. Remove the pressure regulating valve cap
nut and valve nut gasket.

2. Remove the jam nut and valve nut gasket.

3. Remove the pressure regulating valve screw,
noting the number of turns required for
removal. Remove the valve spring and
valve piston.

4. Wash all of the parts thoroughly and in
spect them. Replace any worn or damaged
parts.

NOTE: The insert seat for the regulating
valve piston is held in position in the cyl
inder block by a press fit of .0015" to
.0030". Very seldom does it require re-
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Fig. 5 - Oil Pressure Regulating Valve -
Cutaway View

placement. However, the condition of the
seat can be determined by the use of
Prussian Blue on a new regulating valve
piston. Make up a wooden holder and press
the piston onto it. Cover the seat area of the
piston with a light coat of Prussian Blue
and insert the piston into the bore in the
cylinder block. Turn the holder about a
sixth of a turn and remove piston and
holder. Examine the seat marking on the
piston. It should be a continuous fine line
seat because the seat angle of the piston
is 45° and the seat angle of the regulating
valve seat insert is 30°. If the seat contact
is not continuous, it can be improved by
installing the piston and using caution,
place a Ye" brass rod on top of it and
strike lightly with a hammer. Again check
the seat with Prussian Blue.

If necessary, the insert seat can be re
placed. Using a ~6" x 18" tap, cut threads
into the inside diameter of the seat insert.
Turn a ~6" x 18" stud just a few turns into
the seat insert. Connect the stud to a sliding
hammer and remove the insert seat. To
install a new seat insert, make up a driving
tool and drive the seat in the cylinder block.



C. Assembly of Oil Pressure Regulating
Valve

1. Lubricate the valve seat insert and valve
piston with clean oil. Install the oil pressure
regulating valve piston and valve spring
in the cylinder block.

2. Install the pressure regulating valve screw.
NOTE: Turn the valve screw into the cyl
inder block the same number of turns as
required for removal.

3. Place a valve nut gasket in position over
the pressure regulating valve screw and

install the jam nut.

4. After the engine has been reassembled and
is running, operate the engine until normal , Jj

operating temperature (170° F. minimum) '-'
is indicated by the engine temperature
gauge. Adjust the oil pressure regulating
valve screw to obtain a maximum oil pres-
sure of 40 - 50 P.S.1. at high idle engine
speed, then tighten the jam nut. No further
adjustment should be necessary.

5. Place a valve nut gasket over the pressure
regulating valve screw and install the pres
sure regulating valve cap nut.

5. LUBRICATING OIL COOLER AND TRANSMISSION OIL COOLER

A. Description

The lubricating and transmission oil coolers (Fig. 6),
located on the left side of the engine, consist of
two corrosion resistant cooling cores and tanks.
The water pump circulates coolant through the
cooling cores, tubes and the engine lubricating oil
pump and the transmission torque converter circu
late oil through their respective tanks around the
outside of the tubes of the cooling cores, thereby
controlJ.ing the oil temperatures.

The cooling cores consist of small copper tubes
which dissipate heat from the oil to the engine
coolant. If proper lubricating oil and transmission
oil maintenance procedures are followed, the oil
coolers will function efficiently. However, if the oil
in the engine and transmission is not changed at
the recommended intervals, impurities will be de
posited in the oil coolers and will restrict the flow
of oil around the tubes of the cooling cores. Re
striction of the flow of oil around the tubes of the
cooling cores is usually indicated by a drop in oil
pressures due to the oil overheating. If this occurs,
the cooling cores must be cleaned or new ones
installed.

IMPORTANT: IT IS ABSOLUTELY NECESSARY
THAT THE OIL COOLER UNIT BE KEPT CLEAN
FOR PROPER OIL COOLING.

B. Removal of Oil Coolers

1. Drain the cooling system (refer to "ENGINE
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Fig. 6 - Lubricating Oil Cooler and Transmission
Oil Cooler Location

COOLING SYSTEM," Section IV).

2. Loosen the hose clamps on the water pump
to-oil cooler hose.

3. Remove the capscrews and lockwashers
attaching the four oil lines to the oil coolers.

4. Remove the capscrews and lockwashers
attaching the oil coolers to the cylinder
block and remove the oil coolers complete
with water inlet and outlet connections.

C. Disassembly of Oil Coolers

1. Remove the capscrews and lockwashers \..;
attaching the water inlet connection to the
oil coolers and remove the connection.



6. WATER INLET
CONNECTION

Fig. 7 - Lubricating Oi' Coo'er and Transmission
Oi' Coo'er - Assemb'y Detai's

2. Remove the capscrews and lockwashers
attaching the water outlet connection to the
oil coolers and remove the connection.

D. Cleaning of Oil Coolers

Cleaning the oil coolers requires the use of special
solvents. The following solvents have been found
effective when used according to the manufac
turer's direction:

Excello Floor Cleaning Compound

Turco Cleaning Compound

No. 70 Stripper

Mixture of 3 Parts Oakite No. 7 and 5 Parts
Fuel Oil

Bendix Cleaning Compound

To use the last named solvent, merely submerge the
oil coolers into the solution for a sufficient length
of time to allow the chemical action of the solvent
to dissolve or loosen the sludge or other foreign
matter. Flush the oil coolers thoroughly with live
steam or spirits after cleaning regardless of type
of cleaner used.

NOTE: If the oil coolers are badly clogged, a new
oil cooler must be installed.

E. Assembly and Installation of
Oil Coolers

1. Using gasket cement, cement a new oil
cooler gasket to the face of the oil cooler.
Coat the other side of the gasket with
gasket cement, then install the water outlet
connection and secure it with the capscrews
and lockwashers.

2. Using gasket cement, cement a new oil
cooler gasket to the face of the oil cooler.
Coat the other side of the gasket with
gasket cement, then install the water inlet
connection and secure it with the capscrews
and lockwashers.

3. Place the oil cooler assembly on the cyl
inder block, using new gaskets, and secure
it with the capscrews and lockwashers.

NOTE: When installing the oil cooler assem
bly on the cylinder block, the water inlet
connection can also be inserted into the
end of the water pump-to-oil cooler hose.

4. Tighten the water pump-to-oil cooler hose
clamps securely.

5. Place the oil lines in position on the oil
cooler, using new gasket and gasket ce
ment, and secure them with the capscrews
and lockwashers.

6. Close the cooling system drain cocks and
open the thermostat vent cocks. Fill the
cooling system until coolant (free of bub
bles) flows from the vent cocks. Close the
vent cock and continue filling the system
until the coolant level is approximately one
(1) inch below the radiator filler pipe.

7. Operate the engine and check for oil and
water leaks. Correct any leaks found.
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6. LUBRICATING OIL FILTERS

A. Description

The lubricating oil filters located on the left side
of the engine are of the full flow type and con
tain replaceable type elements. New elements must
be installed each time that the oil in the crankcase
is changed or more often if conditions warrant.

The oil filter head contains a pressure relief valve,
which is provided to by-pass the filters, sending the
unfiltered oil into the main gallery, if in the event
the filters become clogged, or if in cold weather
the oil is too thick to circulate freely through the
oil filters.

B. Service

Under normal conditions, the pressure relief valve
should require very little attention. If the lubricat
ing system has been allowed to sludge, the valve
may not work freely.

Whenever the engine is disassembled for repairs,
the oil filter valve assembly should also be re
moved, thoroughly cleaned in fuel oil, and in
spected.

c. Removal and Installation of lubricating
Oil Filter Assembly

1. Thoroughly clean the filter body and the
surrounding area. Remove the oil drain
plug from the filter body and allow the
filter to drain.

2. Disconnect the oil line from the oil filter
head assembly.

3. Disconnect the oil line to the turbocharger.

4. Remove the capscrews and lockwashers
attaching the filter head to the cylinder
block and remove the filter and head as a
complete assembly.

5. Install the lubricating oil filter assembly by
a direct reversal of the removal procedure,
using a new"O"ring between the oil filter
head and the cylinder block. Tighten the
filter center bolt to a torque of 75 to 80

'iyRESSURE RELIEFV:LVE ASSEMBLY

Q ~
~"LTERH~D i

3. FILTERCARTRIDGW

5. FILTERBODY

6. FILTERCENTERBOLT

Fig. 9 - Lubricating Oil Filters Assembly Details

Ibs. ft. Install the oil drain plug in the filter
body and tighten it securely.

D. Removal and Installation of Oil Filter
Pressure Relief Valve U
1. Thoroughly clean the filter head and the
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surrounding area. Remove the oil drain
plugs from filter bodies and allow the filters
to drain.

2. Remove the pressure relief valve cap,
gasket, spring and piston.

3. Wash the parts thoroughly and inspect
them for wear or damage. Replace any
worn or damaged parts.

4. Install the parts by a direct reversal of the
removal procedure and tighten the cap
securely.

E. To Change Engine Oil and Replace
Filter Elements

The engine crankcase lubricant must be drained
and refilled to the proper level with the specified
lubricant and new oil filter elements installed each
100 hours of operation, or more often if conditions
warrant. NOTE: The engine should be at normal
operating temperature when draining the lubricant.

n 1. Loosen and remove the oil drain plug from
the oil pan and allow the oil to drain.
Install and tighten the oil drain plug being
certain that the oil drain plug gasket is in
good condition.

2. Thoroughly clean the filter head and the
surrounding area. Remove the oil drain
plugs from the filter bodies and allow the
filters to drain.

3. Loosen the center bolts and remove the
center bolts, the filter bodies, and the filter
elements as units from the filter head.
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4. Remove the filter elements from the filter
bodies and discard the elements.

5. Thoroughly wash and dry the interior of
the filter bodies.

6. Install two new filter body gaskets in the
filter head. Install two new elements in
the filter bodies.

7. Install the filter body assemblies on the
filter head, being certain that the filter
body gaskets are properly installed in the
head. Then tighten the center bolts to a
torque of 75 to 80 Ibs. ft. Install the oil
drain plugs in the filter bodies and tighten
them securely.

8. Fill the crankcase (through the crankcase
oil filler tube) with 5 gallons of the specified
lubricant.

a. Start the engine and operate it at ~
throttle for several minutes.

b. Stop the engine and allow several min
utes for the oil to drain back before
checking the oil level.

c. Using the oil level gauge rod, check the
oil level and add oil if necessary to
raise the oil level even with the "FULL"
mark on the gauge rod.

d. Observe the lubricating oil filters for
oil leakage and be certain that the
filter bodies and gaskets are properly
installed. Observe the oil pan drain
plug for leakage.



SECTION VI - ELECTRICAL SYSTEM

Topic Title
Topic
No.

Page
No.

Description of System 1
Warranty and Adjustment Policy . . . . . .. 2
Wiring System 3

1
1
1

v
Batteries :................... 4 3
Generator and Generator Regulator . . .. 5 4
Starter. . . . . . . . . . . . . . . . . . . . . . . . . . . .. 6 6

1. DESCRIPTION OF SYSTEM

The electrical system, which includes the starter,
generator, generator regulator, batteries, head
lights, and wiring, is a 24-volt system throughout.
Current is supplied by two 12-volt, wet cell, storage
batteries carried in a compartment under the for
ward end of the engine hood and directly behind
the hydraulic tank.

Electrical energy drained from the batteries through
the operation of the above named units is replaced
by the generator. The output of the generator is
controlled by the generator regulator to prevent
overcharging of the batteries.

2. WARRANTY AND ADJUSTMENT POLICY

--1 --. Manufacturers of the batteries, starter, generator,

"

and generator regu_lator used in the tractor loader
are responsible for this equipment during the war
_ranty period. Any claim for replacement or repair
of any of these units must be presented to the

_ manufacturer, not to the Allis-Chalmers Manufac-
turing Company. Suppliers of such equipment are

represented by distributors or dealers in nearly all
cities; they are authorized to make reasonable
adjustments or replacements for their respective
companies. Always give the serial number of the V
tractor and the date the machine was delivered
when presenting a claim of this nature.

3. WIRING SYSTEM

Heavy cables (#0) connect the batteries and the
starter. 12 gauge cables connect the generator and
generator regulator, a 12 gauge cable connects
the ammeter and generator regulator, 14 gauge
cables connect the light switch and ammeter and
the light switch and headlights, and a 12 gauge
cable connects the ammeter and the starter
solenoid. Two 10 amp fuses, connected into the
cables between the main headlight, auxiliary head
lights, back-up lights and the light switch, prevents
burning out of the lights in the event of a short
circuit. Connectors are installed in the back-up
lights and tail light cables to permit the removal
of the radiator guard without disturbing the lights.

Inspect the wiring frequently to detect any loose
connection, frayed insulation, and make certain
all grommets and cable protecting boots are in
good condition and properly installed. Tighten the
connections and wrap any frayed spots with friction
tape to prevent short circuits. Check all cable clips
and make certain they are properly installed and
secured. CAUTION: To prevent the possibility of
bodily injury, always disconnect the battery-to
ground cable before cleaning, repairing, discon
necting, or connecting any of the heavy electrical
cables.
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4. BATTERIES

A. Description

The two batteries are 12-volt, wet cell type, located
in a compartment under the forward end of the
engine hood, directly behind the hydraulic tank,
and accessible through a hinged hatch. The bat
teries are connected in series to provide 24-volt
current and the positive post of the forward battery
is grounded directly to the engine block by the
battery-to-ground cable.

B. Service

Check the level of the electrolyte in the batteries
after every 10 hours of operation, or as often as
operating conditions prove it necessary. Maintain
the level of the solution as indicated on the battery
caps by the addition of clean distilled water.
NOTE: Do not overfill. Keep the battery and cable
terminals tight and clean. If corrosion occurs, clean
the battery parts and terminals with a strong soda
solution and coat the terminals lightly with petro
leum jelly before connecting them again. The
petroleum jelly will prevent further corrosion.

CAUTION: To prevent the possibility of bodily in-
;ury, always disconnect the battery-to-ground cable i ,
(positive terminal) before disconnecting or repair- "-'
ing any of the heavy electrical cables.

When the atmospheric temperature is below the
freezing point, special attention should be given to
the hydrometer readings of the batteries. A specific
gravity of 1.270 to 1.215 at 800 F. is considered
satisfactory for continued use. Specific gravity
readings without correction for temperature are
practically meaningless. For each 10 degrees that
the temperature of the electrolyte is above 800 F.,
add 4 points to the hydrometer reading, and for
each 10 degrees below 800 F., subtract 4 points
to get the true specific gravity. For example, if the
hydrometer reading is 1.250 and the electrolyte
temperature is 200 F. (60 degrees below 800 F.),
1.250 minus 24 points equal 1.226 - the true
specific gravity.

If the corrected readings are below 1.215, the
batteries are not receiving sufficient charge. This
might indicate that the generator or the generator V
regulator require attention. If these units prove
satisfactory, inspect the system for short circuits
and for loose or corroded connections. In zero
weather there is a danger of the batteries freezing
if the specific gravity is below 1.100. Batteries with
a specific gravity of 1.100 will freeze at 18 a F.;
batteries with a specific gravity of 1.220 will freeze
at 310 below zero F. During freezing weather, any
addition of water to the cells should be made after
the engine is started at the beginning of an operat-
ing period to be certain that the water and electro-
lyte solution will be thoroughly mixed; otherwise
it may freeze. The filler caps must be kept tight at
all times and the tops of the batteries kept clean
and dry.
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5. GENERATOR AND GENERATOR REGULATOR

n A. Description

1. Generator

The generator is a two-brush, shunt wound unit,
designed with openings in the frame and a cover
band. The brush holders are mounted to the com
mutator end frame. The brushes can be inspected
by removing the generator cover plate. The
armature shaft is supported at both ends by ball
bearings. A ventilating fan draws air through the
generator to prevent over-heating.

The generator is hinged from a mounting bracket
attached to the right side of the cylinder block.
The generator is driven by a single belt from the
fan pulley.

2. Generator Regulator

n
The generator regulator is a three unit regulator
designed for use with generators which have the
field circuit insulated in the generator, but ground
ed in the regulator. A field connection of this type
designated as "Circuit A./I The regulator consists
of a cutout relay, a voltage regulator, and a cur
rent regulator unit. The cutout relay closes the
generator-to-battery circuit when the generator
voltage is sufficient to charge the batteries and it
opens the circuit when the generator slows down
or stops. The voltage regulator unit is a voltage
limiting device that prevents the system voltage
from exceeding a specific maximum and thus pro
tects the batteries and other voltage sensitive
equipment. The current regulator unit is a current
limiting device that limits the generator output so
as not to exceed its rated maximum.

B. Genercd Maintenance and Inspection

Inspection of the generator brushes, commutator,
and leads should be made periodically.

1. Brushes

A stop is provided to prevent the brush arm from
touching and scoring the commutator. The brush
should never be allowed to wear down until the
brush arm actually touches the stop. The brush

spring tension must be sufficient to give good clean
contact of the brushes on the commutator and the
brushes must be free to slide in their brush holders.
The pig tail leads in the brushes must be tight and
the lead clips fastened securely to the brush holders.

2. Commutator

The commutator must be smooth and round, with
out excessive roughness, dirt, gum, or burned
areas. The slots between the segments must be
open and not filled with carbon or copper dust. The
mica between the segments should be undercut )1'2/1.
The armature leads must be properly soldered to
the commutator segments. If the condition of the
commutator does not meet with the above require
ments, the generator must be removed for repair.

3. Generator Drive Belt Adiustment

Keep the generator drive belt properly adjusted.
The belt is properly adjusted when it can be pressed
inward by hand approximately );2 inch at a point
half-way between the generator and fan pulleys.

To adjust the drive belt, loosen the generator ad
justment capscrew (Fig. 3) and move the generator
up or down to obtain the correct tension of the
belt, then tighten the adjustment capscrew.

4. Connections

The connections at the terminals should be checked
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to be certain they are tight and in good condition.
If abnormal operation of the charging system is
noted, it is necessary to determine whether it is the
generator, generator regulator, or some other part
of the electrical system which is at fault.

C. Testing and Adiustment of GeneratQr
and Generator Regulator

Testing and adjustment of the generator and the
generator regulator should not be attempted with
out dependable testing equipment; therefore, it is
recommended that these units be taken to a de
pendable electrical repair shop when repair service
is required. CAUTION:Do not run or test the gen
erator on an open circuit.

D. Removal and Installation of Generator
and Generator Regulator

1. Removal of Generator

Disconnect the wiring harness from the generator.
Remove the belt adjustment link capscrew and
lockwasher (Fig. 4). Remove the two generator
hinge capscrews and remove the generator from
the engine.

2. Installation of Generator

Place the generator in position on the generator
mounting bracket and install the two generator
hinge capscrews and washers, but do not tighten
at this time. Install the drive belt and the belt
adjustment link mounting capscrew. Adjust the belt
tension for approximately J:2 inch deflection at a

point half-way between the generator and fan
pulley. Tighten the adjustment link mounting
capscrew and the two generator hinge capscrews.
Connect the wiring harness to the generator (the I. J

smaller terminal to field marked "F" on the '-'
generator).

3. Removal of Generator Regulator

Remove the two generator-to-regulator leads and
the ammeter-to-regulator lead from the generator
regulator and identify them so that they can be
reinstalled in their original positions. Remove the
four capscrews and washers, attaching the gener
ator regulator to the stabilizer support and remove
the regulator.

4. Installation of Generator Regulator

Attach the generator regulator to the stabilizer
support with the four capscrews and washers. Be
certain that the generator regulator ground is
attached to the upper left hand mounting cap
screw. Connect the ammeter-to-regulator lead to
the post on the regulator marked "BAT"(Battery).
Connect the two generator-to-regulator leads to
the proper posts on the regulator marked "GEN"
(Generator) and "F" (Field).

IMPORTANT:Whenever the generator has been
removed for repairs or replacement, or when the
generator regulator leads have been disconnected '" j

and reconnected, the generator must be polarized '-'
BEFOREthe engine is started.
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Polarizing causes the current to flow in the normal
direction through the field coils and will prevent
vibration, arcing, burning, and sticking of the
regulator points.

POLARIZE THE GENERATOR AS FOLLOWS:

a. With a screwdriver or similar tool raise one
of the generator brushes to break contact
with the commutator.

b. Using a short "jumper" lead, momentarily
touch the "jumper" to the "BAT" (Battery)
and the "GEN" (Generator) terminals of
the generator regulator.

NOTE: Starting on the cover side of the
regulator (as installed on the loader) the
terminals are marked from left to right
"BAT" (Battery), "GEN" (Generator) and
"F" (Field).

c. Lower the generator brush to make contact
with the commutator.

2.GENERATOR
REGULATORI. BATTERY

5.GROUND

4."JUMPER" LEAD

A
3.GENERATOR

L--__ Fig. 6 - Polarizing Circuit Diagram __ ---'

CAUTION: Do not operate or test the gen
erator on an open circuit. If it should be
come necessary to operate the generator
without it being connected to the batteries,
it should be short circuited. This can be
done by disconnecting the lead connected
to the "GEN" (Generator) terminal of the
regulator and connecting the end of the
lead to a convenient ground.

n 6. STARTER

A. Description

The starter, mounted on the right side of the engine
flywheel housing is an 8-brush, 4-pole, 24-volt,
heavy duty unit. The armature is supported by
bushings at the drive end, center, and commutator
end.

n

The unit is equipped with a heavy duty solenoid
switch which is actuated electrically by the key
type starter switch located on the instrument panel.
The shift lever of the starter is connected, by link
age, to the solenoid plunger. When the starter
switch key is turned to operate the starter, current
from the battery energizes the solenoid. The cur
rent passes through windings in the solenoid switch
and produces a magnetic field which pulls in the
solenoid plunger, causing the shift lever to move
the drive pinion of the starter into mesh with the
flywheel ring gear. As the solenoid plunger con
tinues to move in, it closes the main switch in the
solenoid which in turn connects the batteries to
the starter.

B. Starter Service

Field service on the starter will be limited to clean
ing of the starter, cleaning and adjustment of the
drive assembly, cleaning of the commutator and
replacement of the brushes, brush springs, or
starter solenoid. All other adjustments or repairs
require the use of special equipment. For this
reason it will be necessary to remove the starter
and take it to a dependable electrical repair shop,
when repair or adjustment is necessary. With fully
charged batteries and an ambient temperature of
70° F., the starter will engage promptly and crank
the engine at an adequate cranking speed. How
ever, in cold weather the "drag" caused by cold
oil between the pistons and cylinder walls and in
the bearings, reduces the cranking speed of the
engine. IMPORTANT: The starter must never be
used for more than 30 seconds at anyone time
without a pause to allow it to cool. Failure to
observe this rule may result in failure of the starter.

1. If the starter fails to operate properly re
move the cover band from the starter and

6-6



inspect the commutator and brush connec
tions. The commutator should be clean, not
out of round or excessively worn, and with
out high mica or burned bars. A glazed or
blued commutator does not indicate a con
dition requiring service as this is a normal
and satisfactory condition on a used unit.
All electrical connections should be kept
clean and tight, the brush spring tension
should be from 36 to 40 ounces, and the
brushes must not be worn shorter than half
of their original length. The brush spring
tension can be tested by attaching a small
spring scale to each brush, directly under
the head of the screw that holds the brush
in the arm.

2. A dirty commutator should be cleaned with
No. 00 sandpaper. IMPORTANT: Never
use emery paper. If dirt or dust has accu
mulated in the starter, it should be cleaned
with compressed air as such accumulations
are likely to interfere with the operation
of both the starter and the starter drive
assembly.

3. After extended use, the contact surfaces of
the starter switch may become burned or
corroded so that insufficient current is trans
mitted to the starter. A slow cranking speed
or difficulty in keeping the batteries charged
may indicate a faulty starter solenoid. The
solenoid is easily disassembled for recondi
tioning of burned or corroded surfaces.

C. Starter Drive Assembly

1. Disassembly, Cleaning ~ndReassembly

If hard dirt or grease accumulates on the splined V
part of the armature shaft or on the starter drive
mechanism, the drive may "seize" while it is in
mesh with the flywheel ring gear and damage to
the starter may result. The drive assembly must be
disassembled for cleaning or adjustment.

a. Remove the starter (refer to "REMOVAL
AND INSTALLATION OF STARTER" in this
Section).

b. Remove the cotter pin and clevis pin from
the solenoid to starter drive linkage.

c. Separate the drive housing from the starter
field frame by removing the attaching cap
screws; mark both housings before they
are separated to establish relationship of
one with the other.

d. Remove the cotter pin from the pinion stop
and remove the pinion stop, pinion, spring,
pinion guide, shift sleeve, cup washer, and
the spacer washer from the armature shaft. \.I

e. Clean all parts thoroughly and inspect.

f. Reassemble as follows: Place the parts, in
the following sequence, on the drive end
of the armature shaft - plain spacer
washer, cup washer (cup side away from
field frame), and shift sleeve. Place the
spring inside of the hollow pinion, with the
drive pinion guide next to the spring and
the ears on the outside diameter of the
guide facing the pinion. Start the ears into
the slots in the pinion and hold the guide
approximately half the distance down the
slots, then start the pinion guide and the
spring assembly on the splines of the arma
ture shaft. The pinion and guide assembly
cannot be started on the shaft unless the
ears on the guide are held in the slots in
the pinion. Install the pinion stop, with the
cotter pin hole toward the end of the shaft.
When the lugs on the stop enter the groove
in the shaft, rotate the stop until the cotter V
pin holes align and install the cotter pin.
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g. Place the drive end housing assembly over
the end of the armature shaft and against
the center bearing plate, guiding the finger
of the shaft liner into the slot of the shift
sleeve, and install the attaching capscrews.

h. Replace the clevis pin and cotter pin in the
solenoid to starter drive linkage.

2. Starter Drive Adiustments

The starter drive was properly adjusted at the fac
tory and seldom requires readjustment. Failure of
the drive to operate properly will usually be caused
by dirt or damaged parts. When the shift lever is
in the cranking position it should be possible to
push the pinion back against spring pressure Va to
71'6 inch. Adjustment can be made by disconnecting
the lead between the solenoid and the cranking
motor and connect a battery of the specified volt
age to the battery terminal and the small ground
terminal on the solenoid. Operate the shift lever
by hand until the switch is closed. Battery current
will then maintain it in the operating position so

that the pinion travel can be checked. Adjustment
is made by turning the stud in the plunger in or
out as required.

D. Removal and Installation of the Starter

1. Disconnect the battery-to-ground cable
from the front of the engine block. Tape the
end of the cable to prevent a short circuit
in the electrical system when removing the
battery-to-starter cable from the solenoid.

2. Disconnect the battery-to-starter cable and
the two small cables from the starter sole
noid. Disconnect the starter-to-ground strap
from the starter.

3. Remove the three capscrews attaching the
starter to the flywheel housing and remove
the starter and the starter adapter.

4. Install the starter by a direct reversal of
removal procedure.
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SECTION VII - INSTRUMENTS

Topic
Topic Title No.

Description .
Engine Temperature Gauge 2
Engine Oil Pressure Gauge 3
Oil Gauge " 4
Ammeter , '" . . . .. 5
Transmission Oil Pressure Gauge.. . . . .. 6
Transmission Temperature Gauge 7
Engine Hour Meter 8
Air Pressure Gauge . . . . . . . . . . . . . . . . .. 9
Instrument Service 10

1. DESCRIPTION

The instruments, which are standard equipment on
the tractor loader, consist of the engine tem
perature gauge, the engine oil pressure gauge,
the fuel gauge, the ammeter, the transmission
oil pressure gauge, the transmission temperature
gauge, the engine hour meter, and the air
pressure gauge. The purpose of the gauges is
to indicate the operation of the engine, transmis
sion, generator, fuel tank, and air brakes. They are

Page
No. \)
1
2
2
3
3
3
3
3
3
4

important warning devices which should be ob
served periodically while the tractor loader is
operating. Abnormal operation of a gauge usually
indicates either a faulty sender unit, or a serious
malfunction of the component to which it is con
nected. Grouped conveniently on the instrument
panel, the easy-to-read dials are illuminated by
two panel lights for night work.
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1. TO MAIN HEADLIGHTS

\
\

) 9. HOT "I
10. TRANSMISSION OIL
TEMP. SENDER (GREEN) I

I

11. GROUND (BLACK) J
__ 12. FROM STARTERSOLENOID__

TO FUSETO AMP.

13. TO FRONT AUX. LIGHTS & BACK-UP LIGHTS
FROM FUSE (BLACK & WHITE)

16. SOLENOID-OPERATED
FUEl SHUT-OFF (YElLOW)

14. FROM HORN
(YElLOW & BLACK

I.__ Fig. 2 - Rear View of Instrument Pane/ ...J

COLOR CODE
Instrument

Engine Temperature
Engine Oil Pressure .
Fuel .

Color of Wire to Sender
Brown
White
Black

Ammeter Gray (to starter motor solenoid)
Blue (to voltage regulator)

TransmissionOil Pressure ..
Transmission Temperature ..
Hour Meter .
Air Pressure .

Green
Orange
Yellow
Gray

2. ENGINE TEMPERATURE GAUGE

The engine temperature gauge indicates the engine
coolant operating temperature which should be

maintained between 1700 and 1900 F. at all times.

3. ENGINE OIL PRESSUREGAUGE

This gauge indicates the pressure at which the
engine lubricating oil is circulated through the
engine. At full throttle the oil pressure should be
between 30 and 35 pounds at normal operating

temperature (1700 to 1900 F.). CAUTION: If no
oil pressure is indicated by the gauge, the engine
must be stopped immediately and the cause deter
mined and correct-sd.
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4. FUEL GAUGE

The fuel gauge indicates the quantity of fuel that
is contained in the fuel tank. It is connected to a
rheostat and float unit that is located in the tank.
The gauge indicates "E" (EMPTY),"X," "X," "%,"

and "F" (FULL).The fuel tank should be filled at
the end of each operating period, rather than V
at the start, to reduce the possibility of water
condensation.

5. AMMETER

The ammeter indicates the charging rate of the
generator. When the batteries are in a discharge
condition, the ammeter should indicate a good rate
of charge until the battery approaches a fully

charged condition. When the battery is fully
charged, the ammeter will indicate nearly zero
except for a short time after the starter is used.

6. TRANSMISSION OIL PRESSUREGAUGE

The transmission oil pressure gauge indicates the
pressure at which the transmission clutches are

operating. The normal operating pressure of the
clutches is from 140 to 150 pounds.

7. TRANSMISSION TEMPERATURE GAUGE

The transmission temperature gauge indicates the
temperature of the oil before it leaves the torque
converter on its way to the oil cooler. Normal
operating temperature is 1500 to 2000 F. CAU
TION: Converter oil temperature (indicated by the

transmission temperature gauge) must not exceed
2500 F. Refer to "TORQUE CONVERTER, TRANS
MISSION AND HYDRAULICCLUTCH ASSEMBLY"
for detailed information.

8. ENGINE HOUR METER

The engine hour meter is a direct reading type.
The meter records up to 10,000 hours and re
peats. The four figures of the hours are read

directly. The red (or right side) figure indicates
1Oths of an hour. The small indicator (upper left)
visibly turns when the meter is recording.

9. AIR PRESSUREGAUGE

The air pressure gauge indicates the amount of
available brake air pressure in the reservoirs.
Never operate the machine with less than 60 PSI.
For normal operation the gauge must read between
105 PSI and 120 PSI.

A warning device is provided to warn the operator
whenever the pressure drops below 55 to 60 PSI.

At any time that the brake air pressure in the
reservoirs drops below 55 to 60 PSI, while the
engine is running, the loader horn will blow short,
repeated blasts until the pressure has risen to the
55 to 60 PSI level again. CAUTION: At no time
must the loader be operated while the brake air
pressure warning signal is sounding.
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10. INSTRUMENT SERVICE

Any of the various instruments may be removed
from the instrument panel for replacement by
removing the five instrument panel capscrews.
Carefully rest the instrument panel against the
steering column and disconnect the leads. Then
remove the nuts from the retaining clamps.

Do not attempt to repair an engine hour meter.
Return it to your "Allis-Chalmers" Construction
Machinery Dealer for a trade-in allowance on a
new hour meter.
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SECTION VIII - ENGINE

Topic Title
Topic
No.

Description 1
Cylinder Heads 2
Valves " . . . . . .. 3
Cylinder Block and Cylinder Sleeves ... 4
Crankshaft, Crankshaft Pulley, Flywheel,

Main Bearings and Flywheel Housing .. 5
Pistons and Connecting Rods 6
Camshaft and Camshaft Bearings 7
Gear Train. . . . . . . . . . . . . . . . . . . . . . . .. 8
Repair of Engine While Installed....... 9
Removal and Installation of Engine.. . .. 10
Disassembly of Engine 11
Assembly of Engine... . . . . . . . . . . . . . .. 12
Service Tools 13

A. General
1. DESCRIPTION

The engine is a six cylinder vertical in-line, four
stroke cycle, water cooled, compression ignition,
direct injection, turbocharged, full diesel engine.
Fuel is supplied to the cylinders by a fuel injection
pump, high pressure fuel lines and fuel injection
nozzles. The fuel injection pump delivers accu
rately metered quantities of diesel fuel under high
pressure through hole type fuel injection nozzles
and into the engine cylinders at a definite timing
in relation to the engine firing cycle. The fuel is
compression ignited by the heat generated by the
compression of the air in the cylinders. The expand
ing gases generated by the burning fuel are con
verted into mechanical energy in the cylinders of
the engine. The engine is full pressure lubricated
by a gear type oil pump driven by the crankshaft
gear.

B. The Four Stroke Cycle Diesel Engine

In a four stroke cycle engine, a power stroke is
made by each piston for every two complete revo
lutions of the crankshaft. The sequence of the
strokes is as follows: Intake, compression, power
and exhaust.

1. Intake Stroke

As the piston moves downward on the first, or

Litho in U.S.A.

Page
No.

1
2
5
15

19
26
31
35
37
39
41
43
48

intake stroke, air enters the cylinder through the
air intake manifold and the intake valve(s) which
started to open a few degrees before the piston
reached top dead center. A rocker arm, push rod,
and camshaft are used to actuate both the intake
and exhaust valves. The intake charge consists of
air only, with no fuel mixture, and the induced
volume of air is trapped in the cylinder.

2. Compression Stroke

Shortly after the piston starts to move ~pward on
the second, or compression stroke, the intake
valve(s) is closed by spring pressure. The air is
compressed in the cylinder and the compression of
air raises the air temperature in the cylinder to
approximately 10000 F. At the proper moment
during the compression stroke, a metered quantity
of fuel is injected into the combustion chamber
under very high pressure. The finely atomized fuel
is ignited by the heat of the compressed air and
starts to burn immediately.

3. Power Stroke

Expansion of the burning gases forces the piston
downward on its third, or power stroke. Near the
bottom of the power stroke, the exhaust valve
opens.
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4. Exhaust Stroke

As the piston moves upward on the fourth, or
exhaust stroke, the exhaust valve is open and the
burned gases are forced out of the combustion
chamber through the open exhaust valve port by
the upward travel of the piston. A few degrees
before the piston reaches top dead center, the
intake valve(s) starts to open to admit a fresh
charge of air to the cylinder. A few degrees beyond
top dead center, the exhaust valve completely
closes and the cycle is repeated.

5. Combustion Chamber

The combustion chamber is located in the head of
each piston. Each fuel injection nozzle is located in
the cylinder head, above the piston. The shape of
the chamber in the piston head, the angle of in
jection, plus the turbulence of the air induced
by shrouded intake valves causes the fuel and
air to be thoroughly mixed for complete controlled
combustion.

2. CYLINDER HEADS

A. Description

n

The cylinder heads are one-piece alloy iron cast
ings and are securely held to the upper part of the
cylinder block by heat treated alloy steel studs and
nuts. Cored passages are provided in the cylinder
heads for the intake of air and expulsion of exhaust
gases. Cored passages are also provided for the
circulation of coolant. To seal the compression,
combination steel, asbestos, and copper cylinder
head gaskets are installed between the cylinder
heads and the top of the cylinder block.

Located in the cylinder heads above each cylinder,
is an intake valve, an exhaust valve, a fuel injec
tion nozzle, and two rocker arms. One rocker arm
actuates the intake valve and the other rocker arm
actuates the exhaust valve.

Valve guides are pressed into the cylinder heads
and hold the valve heads in accurate alignment
with the valve seats. The guides have a shallow
spiral thread cut in the lower two-thirds of their
bore. This thread collects and retains enough lubri
cating oil during engine operation to considerably
reduce valve guide wear and increase valve guide
life. It also allows for less running clearance
and a tighter initial fit between the valve stems and
guides. The guides are also Parco-lubricated to
deter scuffing of the valve stems during the initial
run-in period.

Indexing intake valve guides are held in place by
a dowel pin and prevent the shrouded intake valves
from rotating. All of the valve seat inserts are

replaceable. The top of each cylinder head is com
pletely enclosed by a cylinder head cover.

The two cylinder heads are identical in structure
and are interchangeable between the front and
rear position on the cylinder block.

The cylinder heads and gaskets are properly posi
tioned in relation to the cylinder sleeves and com
bustion chamber in the pistons by short dowel pins
pressed into the top deck of the cylinder block.

B. Cylinder Head Service

Service on some of the parts contained in the heads
can be accomplished with the heads installed; for
others, the heads must first be removed from the
engine.

1. Operations Not Requiring the Removal
of the Cylinder Heads Are:

a. Replacement of fuel nozzles.

b. Adjustment of valves.

c. Replacement of rocker arms, or rocker arm
shafts.

d. Replacement of valve push rods.

e. Replacement of valve lifters.

2. Operations Requiring the Removal of
the Cylinder Heads Are:

a. Grinding, reseating, or replacement of
valves.

8-2



b. Replacement of valve guides.

c. Replacement of valve springs.

d. Replacement of intake valve indexing
guide.

e. Replacement of valve seat inserts.

f. Replacement of fuel injection nozzle sleeves.

(Refer to "FUEL INJECTION SYSTEMAND
GOVERNOR," Section II.)

C. Cylinder Head Removal

1. Remove the engine side panels and engine
hood.

2. Drain the cooling system (refer to "DRAIN
ING AND FILLING OF SYSTEM," Section
IV).

3. Shut off the fuel supply.

4. Loosen the hose clamp attaching the air
cleaner hose to the air inlet elbow and free
the hose from the elbow. Remove the air
intake tube and/or hose.

5. Disconnect and remove the engine tem
perature gauge tube from the front of the
water outlet manifold.

6. Remove the air intake elbow between the
turbocharger and the air intake manifold
by loosening the hose clamp and removing
the capscrews and lockwashers that secure
the elbow to the intake manifold.

7. Remove the air compressor intake pipe
supporting clamp from the intake pipe.
Loosen the pipe fitting and pull the air
compressor intake pipe free of the intake
manifold.

8. Remove the nuts and lockwashers attaching
the air intake manifold to the cylinder
heads and remove the intake manifold.

9. Disconnect the oil inlet and oil return lines
from the turbocharger. Cap all exposed
lines and fittings.

10. Remove the nuts and washers attaching
the front section of the exhaust manifold
to the cylinder heads and slide the front
section of the exhaust manifold off of the V I

rear section.

11. Remove the nuts and washers attaching the
rear section of the exhaust manifold to the
cylinder heads and remove the exhaust
manifold, turbocharger and exhaust stack
as a unit.

12. Disconnect the air compressor coolant line
from the water outlet manifold.

13. Remove the capscrews and lockwashers
attaching the water outlet manifold to the
cylinder heads and remove the water outlet
manifold and the thermostat housing.

14. Remove the Nylok nuts and sealing washers
attaching the cylinder head covers to the
cylinder heads and remove the cylinder
head covers.

15. Disconnect and remove the fuel return
manifold assembly from the injection V
nozzle-holder assemblies. Disconnect high
pressure fuel lines from the fuel pump and
injection nozzles and remove as an assem-
bly. Cap all fuel openings. Remove the
injection nozzle-holder assemblies from the
cylinder heads.

16. Remove the nuts and lockwashers attaching
the rocker shaft brackets to the cylinder
heads and remove the rocker shaft brackets,
shafts, and rocker arms as an assembly
from each cylinder head.

17. Withdraw the push rods from the cylinder
heads and the block.

18. Remove the cylinder head stud nuts, and
with a sling similar to the one shown in
Fig. 1, remove the cylinder head(s).

D. Inspection

Inspect the cylinder heads and component parts V
for wear or damage. Repair or replace any worn
or damaged parts. If the cylinder heads are to be
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HEAD

and be certain that the gaskets are installed with
the proper side up, as stamped on the gaskets.
When tightening the cylinder head stud nuts refer
to Fig. 2 and tighten in the sequence shown. Before
tightening the cylinder head stud nuts, the cylinder
heads should be aligned with each other by use of
a straightedge or the air intake manifold. All %"
nuts must be tightened to a torque of 180 to 185
Ibs. ft. and the !1" nuts to a torque of 95 to
105 Ibs. ft. See Figure 2 for nut torque sequence
and instructions. After the first 10 and 100 hours
of operation the tightness of the cylinder head
stud nuts MUST be checked.

Fill the cooling system (refer to "DRAINING AND
FILLING OF SYSTEM," Section IY). Adjust the
valves (refer to "YALYE ADJUSTMENT" in this
Section for proper procedure).

Open the fuel supply to the engine, start the
engine, vent the fuel injection system and inspect
for fuel, water and oil leaks. Correct any leaks
found.

Fig. r - Removing Cylinder Heads from Engine

replaced, the working parts removed from the old
heads must be thoroughly inspected before install
ing them in the new heads. The proper procedure
to be followed in making the inspection and in
stallation of the various parts will be found under
"YALYES" in this Section and "ENGINE FUEL
SYSTEM AND GOYERNOR," Section II.

E. Cylinder Head Installation

Be certain that the machined surfaces of the cyl
inder block and cylinder heads are thoroughly
cleaned. Install the cylinder heads by a direct
reversal of the removal procedure, using new
gaskets. IMPORTANT: New cylinder head gaskets
MUST be used when installing the cylinder heads

INSTRUCTIONS
1. Tighten stud nuts in numerical sequence to 1/2 final torque
2. Tighten stud nuts in numerical sequence to full recommended torque
3. Retighten stud nuts in numerical sequence to full recommended torque
4. Run engine until water temperature reaches minimum of 1600 F., and

retighten stud nuts in numerical sequence to full recommended torque
I-- Fig. 2 - Torque Sequence and Instructions _'

n
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3. VALVES

A. Description

The intake valves are made of chrome nickel steel.
The exhaust valves are made of austinitic steel,
carefully heat-treated to develop the special prop
erties required for valve service. Each valve stem
is accurately ground to size and hardened at the
end to provide the extreme hardness needed.

The hardened valve seats, installed in the cylinder
heads, are accurately ground to very close limits.
The valve guides, made of special alloy cast-iron,
are pressed into the cylinder heads. Cylindrical
valve springs are held in place, on the upper end
of the valve stems, by valve spring retainers and
tapered valve spring retainer locks.

There are two intake valve springs (inner and
outer) and one exhaust valve spring for each cyl
inder. An indexing guide to position and prevent
rotation of the intake valve is used.

The rocker arm assemblies, consisting of two rocker
arms for each cylinder, are mounted on a common
shaft supported by rocker shaft brackets attached
to the cylinder head.

The push rods extend down through the cylinder
heads, cylinder block, and into the valve lifters,
which are held in position by valve lifter brackets.

The valve lifters contact the lobes on the camshaft.
The upper ends of the push rods are concave to
receive the ends of the valve lash adjustment
screws, threaded into one end of the rocker arms.
The other end of the rocker arms actuate the valves
through the action of the push rod. When the push
rod is forced upward by the camshaft lobe, the
rocker arm is raised on one end and forces the
other end down, opening the valve. The tension
of the valve spring closes the valve when the push
rod moves downward.

A drilled oil passage in each cylinder head is in
line with a drilled oil passage in the cylinder block,
permitting oil to pass from the main oil gallery in
the cylinder block to the top of the cylinder heads
and into the drilled restricted rocker shaft bracket
at the No. 3 and No. 4 cylinder location.

The rocker arm shafts are hollow and contain oil
holes at each rocker arm location. The oil enters V
the hollow rocker shafts under pressure and is
forced out through the oil holes at each rocker
arm location, to lubricate the rocker arm bushing.
The oil then passes out the drilled holes in the
rocker arms and spills down over the push rods and
valve springs.

B. Service

Several operations on the valve mechanism may
be performed without removing the cylinder heads.
The heads must be removed for certain other
operations. The operations not requiring removal
of the heads are:

1. Adjustment of valves.

2. Replacement of valve push rods.

3. Replacement of valve lifters.

4. Replacement of valve lifter brackets.

The cylinder heads must be removed to perform
the following operations:

1. Replacement of valves.

2. Replacement of valve springs.

3. Replacement of intake valve indexing
guide.

4. Replacement of valve guides.

5. Grinding, reseating, or replacement of
valves.

6. Replacement of valve seat inserts.

7. Replacement of fuel injection nozzle sleeves.
(Refer to "FUEL INJECTION SYSTEM AND
GOVERNOR," Section ".)

C. Valve Adiustment

1. General

The correct clearance (lash) between the ends of
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the intake and exhaust valve stems and the rocker
arms is very important in a "DIESEL" engine due
to the high compression developed within the
cylinders. Insufficient valve clearance will cause
hard starting due to loss of compression, mis
firing, and will eventually cause burning of the
valves and valve seats. Excessive valve clearance
will result in faulty engine operation, valve tappet
noise, and cause rapid wear on the valve oper
ating mechanism.

With the engine at minimum operating temperature
of 1700 F. the proper valve lash for both the intake
and exhaust valves is .018". After any mechanical
work had been done which would disturb the
valve lash, the valves may be set "cold" at .020"
clearance so that the engine may be run and
allowed to warm up to normal operating tempera
ture. After the engine has been "warmed up" to
normal operating temperature, the valve lash
should be checked for proper clearance.

A quick and easy method of adjusting the valve
clearance (lash) is as follows:

n a. Knowing the # 1 - #6 pistons move up
and down in their respective cylinders to
gether and when one piston is on the firing
stroke the other is on the intake stroke and
vice versa and that this relationship is the
same for the #2 - # 5 pistons and the
#3 - #4 pistons, all the valves can be
adjusted in two revolutions of the crank
shaft. Adjust both the intake valve and
exhaust valve of each cylinder following
the firing order sequence 1-5-3-6-2-4. Re
member it is only necessary to turn the
crankshaft 1200 between cylinders - start
ing with # 1 cylinder.

To position the # 1 cylinder for adjusting the
valves, observe the valves of the #6 cylinder and
stop turning the engine when the #6 cylinder
exhaust valve is closed and the intake valve starts
to open. At this point, adjust both the valves of
the # 1 cylinder because the piston is near top
dead center on the compression stroke and both
the intake and exhaust valves are completely
c!osed. The above is true for the balance of the
cylinders per the following tables:

Adjust the valves
of cylinder
Number:

When the exhaust valve is
closed and the intake starts
to open on cylinder Number:

5
3
6
2
4

6
2
4
1
5
3

2. Adiustment of Valve Lash

Check the valve clearance periodically and adjust
when necessary to maintain the specified lash of
.018" as follows:

a. Operate the engine until it reaches a
minimum operating temperature of 1700 F.,
then stop the engine.

b. Remove the cylinder head covers.

c. Crank the engine with the starter or by
pinch bar until both valves for the No. 1
cylinder are closed and the valve push rods
are at their lowest position.

d. Check the clearance between the valve
stems and the rocker arms. Use a .018"
feeler gauge when checking the lash. The
feeler gauge should pass between the
rocker arm and the corresponding valve
stem with a slight drag when the valve lash
is properly adjusted. Refer to Fig. 3 for
location of the intake and exhaust valves.

e. Adjust each valve by loosening the locknut
on the adjusting screw and turning the
screw clockwise to decrease the clearance
or counter-clockwise to increase the clear
ance as necessary (refer to Fig. 4). When
the proper clearance is obtained, hold the
rocker arm adjusting screw stationary and
tighten the locknut. Recheck the lash to be
certain that the clearance did not change
when the locknut was tightened.

f. Repeat the above operations on the valves
for the other cylinders. Install the cylinder
head covers.

8-6
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5. ROCKER ARMS

Ii I
4. ROCKER SHAFT RETAINING SCREW

'----- Fig. 3 - Valve Lo(a'io" ---'

D. Rocker Arm Removal, Inspection, and
Installation

3. Remove the oil drain tube and elbow from
each rocker arm shaft.

1. Thoroughly clean the cylinder head covers.
Remove the cylinder head covers.

4. Remove the nuts and washers from the
rocker shaft retaining screws (Fig. 3) and
remove the rocker shaft retaining screws.
Remove the nuts and washers from the
remaining rocker arm retaining clip studs.

2. Remove the nuts and lockwashers attaching
the rocker shaft brackets to the cylinder
heads and remove the rocker shaft brackets,
shafts, and rocker arms as assemblies. 5. Remove the rocker arm retaining spring

clips and slide the rocker arms and brackets
from the shaft.
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- Adjusting Valve Clearance

BUSHING INSTALLING
AND REMOVING TOOl

Fig. 5 - Removing Rocker Arm Bushing

6. Inspect the bushings inside the rocker arms
for wear. Normal clearance between the
shaft and bushings is .001/1 to .0025/1 and
must not exceed .005/1. If the bushings are
excessively worn, remove the bushings as
shown in Fig. 5. After a new bushing is
installed, an oil hole must be drilled through
the bushing, in line with the oil hole in the
rocker arm, using a Va" drill. A burnishing
tool, as shown in Fig. 7 must be pressed
through the bushings to establish .001/1 to
.0025" clearance with the shaft.

Remove the rocker arm ball retainer and
rocker arm ball. Check the ball for wear

11
Fig. 7 - Burnishing Rocker Arm Bushing --

and replace if necessary. Inspect the rocker
ball oiling wick in the rocker arm and if
the wick has become hard, replace the
wick. Inspect the rocker arm shaft for wear
and replace if necessary. Clean the oil
holes in the rocker arms and rocker arm
shaft with solvent, a small wire, and com
pressed air.

7. lubricate the rocker arm bushings and
shafts with clean oil. Refer to Fig. 3 and
install the rocker arms and rocker shaft
brackets by reversing the sequence of oper
ations for removal. IMPORTANT: When in-
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stalling the rocker arms and brackets, be
certain that the exhaust valve rocker arms
and intake valve rocker arms are installed
in their proper positions as shown in Fig. 3.
Be certain that the rocker arm shafts are
positioned so that the oil holes for the
rocker arm bushings are nearest the adjust
ing screw end of the rocker arms. This can
be confirmed by observing the arrow
etched on the shaft. The arrow must be on
the push rod side and pointing to the rear
(fan end) of the engine. See Fig. 3.

The rocker arms, shaft and bracket assem
blies when assembled properly are identical
and can be installed on either the front or
rear cylinder heads. This is possible, be
cause all rocker arm shaft brackets, except
the center brackets have the restricted
drilled oil passages.

8. Tighten the rocker shaft bracket stud nuts
to a torque of 19 to 22 Ibs. ft. Place the
rocker arm retaining spring clips in position
and secure with plain washers and hex-nuts.

9. Install the oil drain tube elbows and the
tubes to the elbows as shown in Fig. 3.
Adjust the valves for proper clearance
(refer to "VALVE ADJUSTMENT," Para
graph C).

10. Install the cylinder head covers, being cer
tain the gaskets are in good condition and
properly positioned.

E. Valve Lifter and Push Rod Removal,
Inspection and Installation

1. Remove the rocker arm assemblies (refer
to "ROCKER ARM REMOVAL, INSPECTION
AND INSTALLATION/' Par. D above).

2. Withdraw the push rods. Inspect the ball
and cup ends for signs of wear; polish out
any nicks or scores. If the push rods are
bent, twisted, or damaged, they must be
replaced.

3. In order to remove the front valve lifter
cover from the left side of the cylinder

block, remove the fuel injection pump as
explained in Section 2, "ENGINE FUEL
SYSTEM AND GOVERNOR." Remove the
front and rear valve lifter covers. Remove \..J
the capscrews attaching the valve lifter
brackets to the cylinder block, then remove
the valve lifter brackets and valve lifters as
shown in Fig. 8. When removing the valve
lifter brackets and valve lifters, use care
to prevent the lifters from falling into the
crankcase. Inspect the contact surface of
the valve lifters. If scuffing or pitting has
taken place, install new lifters. The outside
diameter of the lifter is .8102"/.8107". The
inside diameter of the lifter bore in the
lifter bracket is .8127"/.8137", giving an
operating clearance of .002"/.0035".

4. Lubricate the valve lifters with clean oil and
install the lifters and lifter brackets by a
direct reversal of the removal procedure.

5. Install the push rods with the cup end to
the top. Make certain that the push rods are
seated in the valve lifters.

F. Valve Spring Removal, Inspection, and
Installation

1. Remove the cylinder heads from the engine
(refer to "CYLINDER HEAD REMOVAL" in
this Section).

2. Place the cylinder heads on blocks, depress
the valve springs with a tool similar to the
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• 1. DEPRESSINGTOOL

1.-__ Fig. 9 - Removing Valve Springs __ ~

Fig. 9-A - Valves in Head - Sectional View

one shown in Fig. 9, and remove the valve
spring retainer locks. Release the valve
spring depressing tool and remove the
valve spring retainer and the valve spring.

3. Inspect the valve springs for cracks. The
exhaust valve spring when compressed to
a length of 2~6" should have a load of 57
to 64 Ibs. When the spring is compressed
to a length of 15Ui', it should have a load

of 136 to 146 Ibs. The intake inner valve
spring should have a load of 30 to 35 Ibs.
when compressed to 2K6" and 66 to 72 Ibs.
when compressed to 13"'44". The intake outer
valve spring should have a load of 40 to
45 Ibs. when compressed to 2~2" and 88
to 97 Ibs. when compressed to 15Ui'. Re
place the springs if they are cracked or
weak.

4. The intake valve indexing guide may be
removed after the removal of the valve
springs. Figure 10.

..
Fig. fO - Intake Valve Indexing Guide

5. To install each intake valve indexing guide,
start the guide over the valve stem, hold
upward on the valve stem and index guide
with the valve stem. Lower the guide on the
cylinder head, aligning the hole in the
guide with the guide dowel pin (Fig. 10) in
the cylinder head.

6. Install the valve springs by a direct reversal
of the removal procedure (with the damp
ening coils to the bottom).

G. Valve, Valve Guide, and Valve Seat
Insert Removal, Inspection and
Installation

1. Remove the cylinder heads from the engine
(refer to "CYLINDERHEADREMOVAL"in
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this Section).

2. Remove the valve springs (refer to IIVALVE
SPRING REMOVAL, INSPECTION AND IN-

. STALLATION,II Par. F above). Remove the
intake valve indexing guides and the valves
from the cylinder heads. Place the valves
and indexing guides in a rack as they are
removed from the cylinder heads so they
can be identified and reinstalled in their
original positions.

3. Clean the carbon from the valves, and valve
seats. Clean the carbon from the valve
guide bores with a nylon brush. CAUTION:
Do not use a metal type cleaning tool.

4. GUIDE REMOVING
TOOL

L...-__ Fig. 11 - Removing Valve Guides

4. Replace the valves if they are cracked,
bent, or worn. The specified diameter of
both the exhaust and intake valve stems is
.371511 to .372011• The specified clearance
of the stem in the guide is .001511 to .002511

end should not exceed .00511•

5. Inspect the groove in the indexing guides
and replace if wear is excessive.

6. The valve guides may be removed by
pressing them out through the bottom of the
cylinder head, using a valve guide re
moving tool similar to the one shown in
Fig. 11.

8-11

The intake and exhaust valve guides are
identical in size. The top of the guide is that
portion which protrudes above the top of
the cylinder head and has a smaller out
side diameter than the portion which forms
the press fit to hold the guide in position
in the cylinder head. When installing new
guides it is important the upper end of
the guide is to the top of the cylinder head
so that the spiral thread cut into the lower
two thirds of the bore in the guide is to the
bottom of the head.

The exhaust valve guides are installed with
the upper end 1J{611 above the bottom of
the counterbore in the head around the
guide. The intake guide is installed with
the upper end Ya" above the bottom of the
counterbore in the head around the guide.

New valve guides are pressed into position
from the bottom of the head with a guide
installing tool (Fig. 12) consisting of a stop
plate, pilot, exhaust valve guide adaptor
and intake valve guide adaptor. The
adaptors establish the proper protrusion , I

of the guides above the cylinder head. To '-"
use the tool place the head in a press with
the head gasket surface up. Assemble the
guide installing tool by screwing the pilot
into the stop plate. Insert the particular
adaptor, exhaust or intake, on the pilot.
Insert valve guide on the pilot with the
bottom end against the adaptor. Insert the
installing tool with guide into the guide
bore in the head and press downward until
the stop plate rests on the head gasket
surface of the head. CAUTION: To elimi-
nate the possibility of scuffing the guide or
the bore in the head for the guide, coat
the outside surface of the guide with a
mixture of white lead and lubricating oil
before pressing the guide into position.

7. The bores of the guides are .373"/.3735"
before pressing them into the cylinder
head. The interference fit of the guides in
the head is .0005"/.002". The guide bores
will close in approximately .001" when in- \.;
stalled with the maximum interference fit.
To resize the guides after installation, use
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a .372" valve guide reamer first and follow
with a .373" valve guide reamer (Fig. 13).
Valve guide reamers of these sizes can be
acquired from most automotive supply
houses.

After installation of the valve guides in
production and service cylinder heads at
the factory, their bores are resized with a
/lBearingizing/l tool to .3735/1/.374/1 and
checked for straightness with a .3725/1

"G /I d 3o gauge an a. 735/1 "No Go" gauge.

8. Inspect the valve seat inserts. If they are
loose, cracked, or pitted, new ones must
be installed. The valve seat inserts are a
press fit in the cylinder head.

A tool for removing the valve seat inserts
as illustrated in Fig. 14 is available.

As an alternate method, the valve seat in
serts may be removed by electric welding
a bead around the inside circumference of
the insert on the beveled portion.

1.

Fig. 74 - Removing Valve Seat Insert ~

Allow the insert to cool, then lift out.
CAUTION: Protect machined surfaces from
arc splaHer.

9. Carefully install the new valve seat inserts.
The inserts are installed into the cylinder
heads with a .0025/1 to .0045/1 press fit
and must be started in place "true" with
the counterbore in the cylinder heads.

Install the valve seat inserts as follows:

a. Be certain the valve seat counterbores in the
cylinder heads are clean and free of burrs
and of the correct size to insure the correct
interference fit of .0025/1 to .0045/1.

b. Immerse the cylinder head for approxi
mately 30 minutes in water heated to near
boiling temperature, or thoroughly chill the
inserts in a cold box or with dry ice.

c. Place the cylinder head bottom side up on
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a bench. Thoroughly clean the counterbores
for the inserts with compressed air and start
an insert into the counterbore (valve seat
side up).

d. Using a valve seat insert installing tool
similar to the ones shown in Fig. 15, drive
the insert down tightly into the' counterbore.
This operation must be done quickly while
the insert is cold.

'-- __ Fig. 15 - Installing Valve Seat Insert __ -'

e. Itwill be necessary to refinish the valve seat
inserts with a grinder (refer to "VALVE
FACE AND VALVE SEAT GRINDING,"
Paragraph H, below).

H. Valve Face and Valve Seat Grinding

Before installing either new valves or valves used
previously, the valve seat inserts in the cylinder
head should be inspected for proper valve seating.
If previously used valves are to be reinstalled, the
valve stem should be cleaned and the face ground
to an angle of 45°. When refacing valves, remove
just enough to clean up the face, removing all
evidence of pitting and grooving. If the bore in
the valve guide is worn oblong, or if the valve
head is warped relative to the valve stem, the
necessary parts must be replaced.

When new valve seat inserts are installed, or pre
viously used inserts reseated, the work must be

done with a valve seat grinder set similar to the
one shown in Fig. 16.

The usual equipment furnished with the valve seat. .~
grinder set includes the following items: '-"

1. Valve seat grinder.

2. Dial gauge.

3. Tool pilot.

4. Three grinding wheels - 30° - 45° and
60°.

The cutting face of the stone must be maintained
at the correct angle and in proper condition by
frequent dressing with a diamond wheel dresser.
The frequency of dressing will be determined by
the condition of the seats and the amount of metal
required to be removed during the facing opera
tion. NOTE: It is very important that the valve
grinder set be used in accordance with the manu
facturer's directions.

Bygrinding the valve face and insert seat at slightly
different angles, a fine line contact of the face and , .~
seat is obtained, thus eliminating the need to lap '-'
the seating surfaces with grinding compound, inas-
much as the valve will peen or pound a full seat
after a short period of operation.

The difference of angles is termed "interference
angle" Fig. 17 and is usually between }1° to 1}1°.
The included angle of the insert seat is made
greater than that of the valve face, so as to assure
contact of the top of the insert seat. Thus, for 45°
valve face angle and a 1° interference angle the
insert seat grinder wheel must be dressed to grind
the insert seat at an angle of 46°. This is a positive
interference angle. A negative angle illustrated
Fig. 17 must be avoided.

The first step in reconditioning the insert is to grind
the seat, removing only enough metal to produce
a pit free continuous seat. After the seat has been
ground, use a dial gauge as shown in Fig. 18 to
check the concentricity of the seat relative to the
valve guide. The total run out for a good seat
should not exceed .002 total indicator reading. \..I
The valve should then be installed to determine the .
seat contact of the valve face.
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This can be accomplished by wiping a thin film of
Prussian Blue on the valve face and bouncing it
once on the valve seat. A thin continuous line must
be evident on the valve face, otherwise further
grinding is required. If the insert seat is too wide
after reconditioning, use a 30° grinding wheel to
narrow the seat to the recommended width of %2".

IMPORTANT: After installing new valves or insert
seats or reconditioned previously used valves or
insert seats, be certain that the valves are set in
.050" to .064" minimum from the head gasket
surface of the cylinder head, otherwise, serious
damage will result.

Assemble valves in the head (refer to "VALVES,"
Topic 3, in this Section).

GRINDING WHEEL

I. Fuel Iniection Nozzle Sleeves

(Refer to "FUEL INJECTION SYSTEM AND GOV
ERNOR," Section II.)
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4. CYLINDER BLOCK AND CYLINDER SLEEVES

A. Description

The cylinder block, which is the main structural part
of the engine, is a one-piece casting made of alloy
cast iron. Traverse members, cast integral, provide
rigidity and strength, assuring perfect alignment
of the crankshaft bearings and cylinder sleeves.
The cylinder block is bored to receive removable
"wet-type" cylinder sleeves. The cylinder sleeves
are completely surrounded by water jackets which
extend the full length of the cylinder walls for
maximum cooling.

The cylinder block contains a main oil gallery
which extends lengthwise through the cylinder
block. Oil passages direct the oil flow from the
main oil gallery to the camshaft and main bear
ings and through the rifle drilled connecting rods
to the piston pins. A horizontal oil passage through
the center of the cylinder block extends from the
main oil gallery to a cavity in the left side of the
cylinder block. From this cavity there are two
openings whichextend to the rocker arm assemblies.

Short dowel pins pressed into the top deck of the
cylinder block, properly positioned, the cylinder
head gasket and head assembly in relation to the
cylinder sleeves and the combustion chamber in
the pistons.

The cylinder block, when ordered for service is
furnished with cam bearings, main bearing caps
and studs, and the necessary plugs.

The removable "wet-type" cylinder sleeves are
made of alloyed cast iron. Two rubber packing
rings, fitted into grooves in the lower outside cir
cumference of the sleeve, prevent water leakage
into the crankcase. The sleeve is sealed at the top
by a flange which fits into a machined recess in
the cylinder block. The cylinder head gaskets are
compressed between this flange and the cylinder
heads, holding the sleeve in place and serving as
a coolant seal at the upper end of the sleeve.

B. Cylinder Sleeve Removal

With the pistons removed, the cylinder sleeves may
be removed with a cylinder sleeve remover tool
similar to the one shown in Figs. 19 and 20.

CYLINDER SLEEVE
1---- REMOVING TOOL

\ im SHOE SL~_:

SHOE CENTERING CONE TOP SHOE ASSEMBLY
'-- __ Fig. 19 - Removing Cylinder Sleeve -

Top View V

Fig. 20 - Removing Cylinder Sleeve - __ ....J

Bottom View

C. Cylinder Sleeve Cleaning and
Inspection

1. Remove all dirt, carbon, and grease from
the cylinder sleeves and the machined
recess and bore in the cylinder block. Re
place the cylinder sleeves if they are scored
or cracked.
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2. Check the cylinder sleeves for roundness
by means of a gauge similar to the one
shown in Fig. 21. Using an inside microme
ter, measure the cylinder sleeve for taper
and wear. The inside diameter of a new
cylinder sleeve is 4.4370" to 4.4385". The
out of round and taper of sleeve should
not exceed this maximum tolerance.

NOTE: When measuring the cylinder sleeves
with an inside micrometer, first measure in
a position parallel to the crankshaft and
then at right angles to the crankshaft. These
measurements should be taken at several
locations within the area of piston ring
travel.

n

- Checking Cylinder Sleeve for
Roundness

3. The normal pattern of wear in cylinder
sleeves will show maximum wear at the top
three fourths of the ring travel and diminish
to a small amount of wear at the bottom of
the ring travel to negligent wear below the
ring travel. Therefore, cylinder sleeve life is
generally dictated by the tolerable wear at
the top of ring travel.

Excessive dirt consumption through the air
intake system, overheating, excessive com
bustion temperature caused by abuse or
maladjustment, and faulty lubrication can
alter these patterns of normal wear and
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1--- Fig. 22 - Cylinder Sleeve ___'

cause deterioration and failure not associ
ated with normal wear.

If the maximum cylinder sleeve wear at the
top of the ring travel does not exceed .003"
out of round and .008" total wear, no
deterioration of the top sleeve flange has
occurred to decrease the specified protru
sion above the top deck to adversely affect
head gasket sealing, no scores, cracks or
other physical defects are present the
sleeves may be re-used with a reasonable
life expectancy of approximately ~ to %
that of new sleeves.

If the sleeves are within the limits as men
tioned above and are to be re-used, it is
important that the ridge above the ring
travel be removed with a ridge removing
tool similar to the one shown in Figure 23,
and the glaze in the ring travel area is
broken.

D. Cylinder Sleeve Installation

1. Thoroughly clean the cylinder sleeve and
the bore in the cylinder block. Be certain
that the bottom surface of the flange on
the cylinder sleeve and the counterbore in
the cylinder block are clean and free from



1. RIDGE REAMER

Fig. 23 - Removing Ring Travel Ridge from
Cylinder Sleeve

nicks or burrs. Before installing the rubber
packing rings on the sleeve, insert the
sleeve into the bore of the cylinder block
to be certain that the sleeve can be pushed
down into place and turned in the bore
by hand pressure. If the sleeve cannot be
inserted in the above manner, more clean
ing is necessary.

2. With the flange of the cylinder sleeve firmly
seated in the counterbore of the cylinder
block, the top surface of the cylinder sleeve
flange must be .006511 to .009511 above the
top flat surface of the cylinder block.

Hold a straightedge across the top of the
cylinder sleeve flange and using a feeler
gauge as shown in Figure 24, measure the
standout of the cylinder sleeve flange
above the cylinder block. CAUTION: When
measuring in the above manner, be certain
that the straightedge is on the flange of the

8-17

Fig. 24 - Measuring Cylinder Sleeve Flange
Height Above Siock

sleeve and not on the firewall. (Refer to
Fig. 22.)

3. Longer life and better sealing of the cyl
inder head gaskets is obtained if the cyl
inder sleeve flange standout is held within
.006511 to .009511 above the top flat surface
of the cylinder block. Replacement of the
cylinder sleeves, remachining of the coun
terbore in the cylinder block, or both, may
be necessary if the standout is not .0065" to
.0095". (Refer to Par. "E" under this topic.)

4. Thoroughly clean the packing ring grooves
in the cylinder sleeve. Stand the cylinder
sleeve on a clean work bench with the
lower end of the sleeve upward. Install the
new packing rings over the lower end of
the sleeve and into the grooves, using care
not to twist or roll the packing rings while
installing. Apply liquid soap (green soap)
or hydraulic brake fluid to the packing
rings before installing the cylinder sleeve
into the cylinder block.

5. Install the cylinder sleeve in position in the
cylinder block, using care to prevent dam
age to the packing rings.



E. Cylinder Sleeve Reseating

Cylinder sleeve reseating may become necessary
if the cylinder sleeves have been allowed to move
due to incorrectly torqued cylinder head nuts, de
teriorated head gasket, and/or from block coun
terbore or sleeve flanges eroding from long use.
The cylinder sleeve flange standout must be held
within .0065/1 to .0095/1 above the top flat surface
of the cylinder block.

A cylinder sleeve reseating tool (Fig. 25) is avail
able on a purchase of rental basis. Sleeve shims
in sizes .005/1, .010/1, .015/1 and .020/1 are avail
able to re-establish the correct sleeve protrusion
above the top deck of the cylinder block.

When using the reseating tool and shims, you
must use a depth micrometer for the counterbore
measurements and an outside micrometer to meas
ure the thickness of the cylinder sleeve flange and
install the correct combination of shims. CAUTION:
Do not attempt to determine the sleeve protrusion
and proiection above top deck of cylinder block
with a rule and feeler gauge as rough edges on
shims can give a false reading.

F. Cylinder Block Cleaning and Inspection

Since the cylinder block is the main structural part
of the engine, whenever the engine is being over
hauled, the block should be thoroughly inspected
for any conditions that would render it unfit for
further use. Such inspection must be made after all
the parts have been removed from the cylinder
block and it has been thoroughly cleaned, with
live steam or a suitable solvent, and dried with
compressed air.

All the oil passages in the cylinder block must be
cleaned before assembling the engine. Effective
cleaning of these passages can be accomplished
only with the use of high steam pressure, with a
solvent used in the water to dissolve the sludge and
foreign material that has collected. Remove the oii
pressure regulator and the various plugs of the oil
galleries to clean the passages.

After cleaning, flush the passages in the cylinder
block with clean water (under pressure) to remove
all traces of the solvent.

LOCKSCREW AND NO. 3 SETSC

Fig. 25 - Cylinder Sleeve Reseating Tool

To clean the water jacket of the cylinder block,
remove the plugs from the jacket. Apply high pres
sure steam and water through these openings; turn
the block in various positions while this is being
done so that the loose scale will be washed out.

IMPORTANT: Note the location of the plugs re
moved for cleaning of the oil and water passages
in the cylinder block and be sure that all of these
plugs are reinstalled in their proper places after
the block has been cleaned and dried. Coat the
threads of all the plugs with white lead to assure
a tight seat. The plugs must be installed so that they
do not proiect from the block to interfere with
attached parts.
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s. CRANKSHAFT, CRANKSHAFT HUB, FLYWHEEL, MAIN BEARINGS AND
FLYWHEEL HOUSING

A. Description

1. Crankshaft

The seven bearing, counter balanced crankshaft
is a steel drop forging, carefully heat treated to
assure utmost strength and durability. The crank
shaft is balanced both statically and dynamically.
The end thrust of the crankshaft is taken by the
flanges of the center bearing.

2. Main Bearings

The main bearings are of the precision type and
are replaceable without machining.

The main bearing caps are attached to the cylinder
block and line bored in position to receive the
precision bearing shells. Each bearing cap is num
bered on the camshaft side and when removed
should always be reinstalled in its respective posi
tion and with the numbers on the bearing caps to
the camshaft side of the engine, and corresponding
to the numbers stamped on the bottom edge of the
cylinder block.

The upper halves of the main bearing shells are
seated in the cylinder block. The lower halves are
held in place by the main bearing caps, each of
which is attached to the cylinder block by studs
and nuts. Each half of the bearing shell is prevented
from radial movement by a tang at the parting
line on one side of the bearing shell. A spring
loaded, lip type oil seal, pressed into the bore of
the flywheel housing is used to seal the crankcase
oil from the flywheel compartment.

A spring loaded, lip type oil seal, pressed into the
timing gear housing cover, located on the rear of
the engine, is used to seal the crankcase oil from
leaking out at the rear end of the crankshaft. The
seal bears against an oil seal sleeve pressed onto
the crankshaft. The sleeve is serviced separately
and may be replaced if worn.

3. Flywheel

The flywheel is bolted securely to a flange on the
front end of the crankshaft and is doweled in two

places. One capscrew hole in the flywheel is offset
and the flywheel can be attached to the crankshaft
flange in only one position. A starter ring gear
made from heat treated steel is shrunk on the
rim of the flywheel.

4. Flywheel Housing

The flywheel housing is a one piece casting, ribbed
for strength and is positioned on the front of the
cylinder block with dowels and secured in place
with capscrews. It serves several purposes, such as,
covers the flywheel, contains the crankshaft rear
oil seal and starter, supports the rear of the engine
and positions the converter housing so the con
verter shaft is in alignment with the center of the
crankshaft.

The only time the flywheel housing requires service
or replacement is when it is cracked or distorted
on the converter housing mounting face or pilot
bore, usually from an accident. Whenever the en
gine is overhauled, inspect the crankshaft front oil
seal and replace if necessary. Inspect the housing
for cracks and other damage. After mounting the
housing on the rear of the engine, check the con
verter mounting face and pilot bore for distortion
(runout) with a dial indicator.

B. Removal, Inspection, and Installation
of Crankshaft

1. Remove the engine from the loader (refer
to "ENGINE - REMOVALAND INSTALLA
TION OF ENGINE," in this Section).

2. Drain the lubricating oil.

3. Inspection can be made of the crankshaft
main bearings and journals by removing
the oil pan and removing the bearing caps
one at a time (refer to "REPLACEMENTOF
CRANKSHAFT MAIN BEARINGS" in this
Section).

Remove the crankshaft as follows:

a. Remove the starter from the flywheel
housing.

8-19



b. Remove the flywheel and ring gear
assembly.

c. Loosen the fan belt tightener and re
move the fan belts.

d. Remove the capscrews from the power
steering pump drive pulley and remove
the drive pulley from the hub.

e. Remove the crankshaft pulley retaining
capscrew and remove the pulley (refer
to "REMOVAL OF CRANKSHAFT PUL
LEYS," Par. "H," this Section).

f. Loosen the rear engine mounting brack
et capscrews and remove rear engine
mount from the timing gear cover.

g. Remove the capscrews attaching the
timing gear housing cover to the timing
gear housing. Remove the capscrews
attaching the timing gear housing cover
to the oil pan and remove the timing
gear housing cover.

n h. Using puller tools similar to the ones
shown in Fig. 26, remove the rear oil
seal sleeve and sleeve spacer from the
crankshaft.

i. Using a puller similar to the one shown
in Fig. 27, pull the crankshaft gear from
the crankshaft.

j. Remove the remaining capscrews at
taching the oil pan to the cylinder block
and flywheel housing and remove the
oil pan. Remove the capscrews attach
ing the flywheel housing to the cylinder
block and remove the flywheel housing.

k. Refer to "ENGINE LUBRICATION SYS
TEM," Section V, and remove the oil
pump.

I. Remove the connecting rod bearing
caps and lower bearing shells. Remove
the main bearing caps and the lower
main bearing shells. Remove the crank
shaft.

PULLER SET

Fig. 26 - Removing Front Oil Sea' S'eeve and
Sleeve Spacer from Crankshaft

L- __ Fig. 27 - Removing Crankshaft Gear__ --,

4. Inspect the crankshaft journals for scoring,
chipping, cracking or signs of overheating.
If the crankshaft has been overheated
(usually indicated by discolored or blue
bearing journal surfaces), or is scored or
excessively worn, reconditioning or replace
ment will be required. Examine the bearing
journals for cracks if overheating has
occurred.

5. Measure the crankshaft main bearing and
connecting rod journals at several places
on their diameter to check for roundness.
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The original diameter of the main bearing
journals is 3.498" to 3.499" and the con
necting rod journals is 2.7715" to 2.7725".
If out of round or taper exceeds .002" the
shaft must be reground to a standard un
dersize or replaced. If worn to the extent
that installation of new bearing shells will
not decrease clearance below .007" the
shaft must be reground or replaced.

6. All main and connecting rod bearing sur
faces of the crankshaft are hardened to a
depth of approximately .090". If regrinding
of the crankshaft journals become neces
sary, the work should be done by a reputa
ble machine shop that has suitable equip
ment to handle precision work of this type.
Main bearing shells and connecting rod
bearing shells of .010", .020", .030" and
.040" undersize are available, and if
the crankshaft is ground, the diameter of
the journals should be reduced in steps of
.010", .020", .030", .040" below 3.498"/
3.499" to fit the available undersize main
bearing shells, and below 2.7715"12.7725"
to fit the available undersize connecting
rod bearing shells. The fillets at the ends
of each bearing journal must not be re
duced from their original radius when
regrinding a shaft.

7. Remove the hex-socket pipe plugs from the
crankshaft and blowout all the oil passages
in the crankshaft with compressed air. Coat
the threads of the plugs lightly with white
lead when reinstalling and tightening them
securely.

8. If the crankshaft front oil seal sleeve shows
signs of excessive wear, it can be turned
end for end on the crankshaft to provide
a new sealing surface for the crankshaft
oil seal, or it may be replaced.

9. Install the crankshaft by a direct reversal
of the removal procedure. Refer to "MAIN
BEARING INSPECTION" and "MAIN BEAR
ING REPLACEMENT" in this Section for the
specified bearing clearances.

c. Main Bearing Inspection

1. Any bearing shells that are scored, chipped,
pitted, or worn beyond the specified limits
given below must be replaced. Inspect the
tangs of the upper and lower halves for
indication of radial movement of the bear
ing within the cylinder block. If a bearing
has been radially shifting the tang will
have worn down below the parting line
of the bearing shell and is unfit for fur
ther use.

2. The specified vertical clearance between
the main bearing shells and the crankshaft
journals is .002" to .0047". New bearing
shells must be installed and possibly the
crankshaft will have to be reground or
replaced when this clearance exceeds
.009". The amount of wear on the bearing
shells may be determined by measuring
each shell with micrometers as shown in
Figure 28. New shells, measured at point
"C" in Figure 29 are .1549"/.1554" thick.
Bearing shells less than .153" thick are
worn beyond the allowable limits and must
be replaced.

3. As shown in Figure 29, the bearing shells
(when in place) are .002" larger in diame
ter at the parting line than they are 90°
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n

"

D

"A" IS .002" SMALLER THAN "B"
"C" IS .001" THICKER THAN "D"
"E" IS .010" to .0257" GREATER

THAN "F"

C = 5/32" APPROX.

Fig. 29 - Measuring Inside Diameter of
Main Bearing Shell

from the parting line. The two shells do not
form a true circle when installed. When
measured for inside diameter, they should
be installed in the cylinder block and the
bearing caps tightened to the specified
torque (crankshaft removed). The two halves
of the shells have a crush fit in their bore in
the block and must be tight when the cap
is secured in place. Tighten the front, inter
mediate, and rear main bearing caps to
210 to 230 Ibs. ft. torque. Tighten the center
main bearing cap to 160 to 170 Ibs. ft.
torque.

4. To determine the approximate running
clearance between the bearings and the
crankshaft journals use plastigauge. The
most accurate method of determining
the running clearance is to calculate the
difference between the micrometer readings
of the bearing inside diameters and the
outside diameter readings of the crankshaft
journals.

5. Check the end play of the crankshaft, which
is controlled by the doweled flanges on the
center main bearing. The end play may be
measured as shown in Fig. 30. The specified
clearance is .006" to .014" and should not
exceed .022"; replace the center main

Fig. 30 - Measuring End Play of Crankshaft

bearing flanges if necessary. Flanges are
available in standard, .005", .010" and
.015" oversizes.

D. Main Bearing and Bearing Cap
Replacement

Remove the main bearings as follows:

1. Remove the crankshaft (refer to "REMOVAL,
INSPECTION, AND INSTALLATION OF
CRANKSHAFT" in this Section).

2. Using a small wooden block and a hammer,
remove the main bearings from the crank
case and the main bearing caps. NOTE:
As a general recommendation, if removed
bearings have seen 2000 to 3000 hours
service, the cost of new replacement bear
ings will offset the gamble of undetected
fatigue or accelerated fatigue from minute
repositioning upon reinstallation of used
bearings and warrant installation of new
bearings.

After the main bearings have been removed
and inspected as outlined above, and if
they are in satisfactory condition and with
in specified size tolerances, they may be
reinstalled or, preferably, new bearings
installed as follows:
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a. Install the upper halves of the main
bearing shells in the bearing seats of
the cylinder block. Be certain that the
tangs on the bearing shells are properly
located in the corresponding slots in
the bearing seats.

b. Lubricate all the crankshaft main bear
ing journals and lower the crankshaft in
the cylinder block.

c. Place the lower halves of the main
bearing shells in the main bearing caps,
inserting the tangs of the shells into the
slots in the caps. The bearing caps are
numbered 1, 2, 3, etc., indicating their
respective positions. Install the caps with
the numbers facing the camshaft side of
the engine and corresponding to the
number stamped on the lower edge of
the cylinder block, as shown in Figure
31, and instail the main bearing cap
lockwashers and stud nuts. Use a torque
indicating wrench and tighten the nuts
to a torque of 210 to 230 Ibs. ft. on the
%" nuts used on the front, intermediate,
and rear main bearings; tighten the %"
nuts used on the center main bearing
to a torque of 160 to 170 Ibs. ft. Lock

the nuts with the lockwashers and/or
locking plates.

CAUTION: Do not overtighten the main
bearing stud nuts. If these nuts are over
tightened, the bearing caps may be dis
torted, causing the bearings to be drawn
tight against the crankshaft and premature
failure will result. The crankshaft should
turn freely after all the nuts are properly
torqued. Never file or shim a bearing cap
to make the bearing shell fit; install new
bearing shells if the fit on the crankshaft
is unsatisfactory.

E. Bearing Cap Replacement

Main bearing caps are not interchangeable and if
replacement becomes necessary, the new caps must
be machined in place. To maintain correct align
ment and size in the main bearing bore in the
block, the caps must be installed with the specified
torque of 210 to 230 Ibs. ft. on the %" stud nuts
and 160 to 170 Ibs. ft. on the %" stud nuts. As a
general rule replacement of bearing caps is a
machine shop job.

Replacement, front, intermediate and rear caps
are finished machined except for the bore which is
semi-finished. The replacement center cap is fin-

'- Fig. 3J - Main Searing Caps location ---J

8-23



ished machined except for the bore and the thrust
faces.

When it is necessary to do any machining to the
main bea6ng bore in the block, it is important that
the center line of the crankshaft is not altered from
its original center line, especially at the timing gear
end. Raising the bore .003"-.004" at the flywheel
end of the engine can be tolerated if the bore is
made straight and the rear main bore is not re
positioned. The bearing caps are positioned or
located by their side fits in the saddles in the block
and when installing a replacement cap be sure the
bearing tang slot is on the same side of the bore
as the bearing tang slot in the block.

n

If a main bearing burns out with enough heat to
cause distortion at one or more of the main bearing
bores or saddles, generally the block and bearing
caps will pull in at their joint causing an oblong
bore. If the flat areas where the cap contacts the
block around the main bearing studs have dis
torted so they are no longer flat and straight, this
area will have to be hand filed and fitted to the
replacement bearing cap so when the new cap is
installed it will not be distorted from being pulled
down on an out-of-square surface. The main bear
ing studs will have to be removed to make this
check. Also a thin coat of Pruss ian Blue can be
used on tbe new cap to detect any out-of-square
ness at this point.

F. Replacement of Crankshaft Oil Seals

Drive the oil seals from the flywheel housing and
the timing gear housing cover and install new oil
seals each time that the engine is disassembled.
To prevent damaging the new seals, lubricate the
lip and use a tool similar to the one shown in
Figure 32, to drive the new seals into place. The
sealing lip of each seal must be directed toward
the inner side of the housing or the cover. When
installing the timing gear housing cover, a crank
shaft housing oil seal protector similar to the one
shown in Figure 33 should be used to prevent
damage to the seal lip.

G. Flywheel and Ring Gear Removal,
Inspection, and Replacement

To remove the flywheel from the engine, remove

OIL SEAL AND BEARING
REMOVING AND REPLACINGTOOL SET

Fig. 32 - Installing Crankshaft Front Oil Seal

Fig. 33 -

the capscrews and lockwashers attaching the fly
wheel to the crankshaft flange. Refer to Figure 34
and insert two ~" NF x 6" guide studs with slotted
ends into the crankshaft flange to act as guides
and to prevent damage to the flywheel when
removing. It may be necessary to remove the fly
wheel housing timing hole cover and pry the
flywheel loose with a suitable bar.
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Fig. 34 - Removing Flywheel from Crankshaft

1. Flywheel

It is very important that all burrs and nicks be
removed from the rear surface of the flywheel
that fits against the flange of the crankshaft. If this
surface is not smooth and true, the flywheel may
have a slight wobble which will result in improper
converter operation, converter wear, and engine
vibration. It is advisable to attach a dial indicator
to the flywheel housing and check the flywheel for
run-out.

The variation of the flywheel face run-out should
not exceed .0005" maximum total indicator read
ing per inch of diameter. NOTE: When making the
above check be sure that the crankcase is forced
either to the front or rear of the engine to eliminate
the crankshaft end play, otherwise the dial indi
cator reading will not be accurate. Also, be certain
that the surface on which the finger of the dial
indicator rides is clean and free of burrs and nicks.

2. Ring Gear

Inspect the flywheel ring gear for general condi
tion and wear. Replace the ring gear if it is not in
good condition. Remove the ring gear from the
flywheel by grinding a notch through the ring at

the root of one of the teeth, then expand the ring
and drive it from its position. Do not attempt to
remove the ring gear without first expanding it.
To install a flywheel ring gear proceed as follows: V

a. The ring gear is shrunk on the flywheel by
uniformly heating the gear to approxi
mately 3000 to 3250 F. (dull red heat
visible in the dark), then placing it on the
flywheel which is at room temperature.
NOTE: Do not heat the ring gear to a
bright red because the heat treatment of
the gear will be destroyed.

b. After heating, start the ring gear on the
flywheel so that, when the flywheel is in
stalled, the chamfered ends of the teeth on
the ring gear will face the cylinder block;
these ends of the teeth engage with the
pinion of the starter. Drive the ring gear
down tight against the shoulder on the fly
wheel. Allow the ring gear to cool slowly;
do not cool it with water.

H. Removal and Installation of Crankshaft
Pulley

The crankshaft pulley is secured to the front end
of the crankshaft by a tapered fit, key and large
capscrew with washer. To remove the pulley, loosen
the capscrew about Y2". Using a puller similar to
the one shown in Figure 35, break the pulley loose
from the crankshaft. Remove the capscrew, washer
and pulley. If necessary, remove the key.

Fig. 35 - Removing Crankshaft Pulley __ ,
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Install the key in the crankshaft. Install the pulley,
washer, and the capscrew. Tighten the capscrew
to a torque of 290 to 310 Ibs. ft .

I. Removal, Inspection and Installation of
Flywheel Housing

1. Remove the engine from the loader (refer
to "ENGINE - REMOVALAND INSTALLA
TION" in this Section).

2. Remove flywheel (refer to "FLYWHEELAND
RING GEAR INSPECTION AND REPLACE
MENT" in this Section).

3. Remove capscrews securing the rear of the
oil pan to flywheel housing.

4. Remove the capscrews securing the flywheel
housing to the cylinder block. Tap the
housing with a brass hammer to break it
loose from the dowels. Remove the housing.

5. Thoroughly clean the housing with a clean
ing solvent.

n 6. Inspect it for cracks or other damage
replace it if the cracks or damage is
extensive.

7. If necessary, install a new crankshaft front
end oil seal using a tool similar to the one
shown in Figure 32.

8. Position a new flywheel housing to the
cylinder block sealing ring in the groove
of the housing.

9. Clean front of the cylinder block and as
semble the flywheel housing in reverse
order of removal.

10. Assemble flywheel to crankshaft.

11. Check converter housing mounting face and
pilot bore for excessive run-out.

a. Converter housing mounting face -
Mount dial indicator to the flywheel so
that the indicator is vertical to the hous
ing face and the indicator stem rides on
the housing face. The face run-out
should not exceed .008" total indicator
reading.

b. Housing bore - Readjust the indicator
so that the stem rides the bore of the
flywheel housing. The bore run-out
should not exceed .008" total indicator
reading.

6. PISTONS AND CONNECTING RODS

A. Description of Pistons

The precision-machined and balanced pistons are
cast aluminum alloy, cam ground, and anodized.
The combustion chamber is in the head of the piston
and is offset from center. The camshaft side is
marked on the flat surface of the piston head. Each
piston is fitted with three compression rings and
one oil control ring, all located above the piston
pin. The compression ring installed in the upper
most groove is "Chrome Plated." The bottom ring
is a three piece type oil control ring, consisting of
two segments and an expander-spacer. Holes are
drilled through the walls of the piston in the oil
ring grooves to allow any excess oil that collects in
the ring grooves to return to the crankcase. The
piston pins are of the full floating type and are
held in place in the piston by two retainer rings
fitted into grooves in the pin bosses of the piston.

B. Description of Connecting Rods

Each connecting rod is made of drop-forged, heat
treated steel, and forged to an "1" section with a
closed hub at the upper end and an integral cap
at the lower end. The rod is rifle-drilled for pressure
lubricating of the piston pin. Each connecting rod
is statically and electronically balanced.

The connecting rod bearings are of the replaceable
precision type, consisting of two identical halves.
At 90° to the parting line is an oil hole which aligns
with the rifle drilled oil passage in the "1" section
of the connecting rod. The purpose of the oil hole is
to allow the passage of lubricating oil under pres
sure to the piston pin bushing at the upper end of
the conneCting rod. The bearings are positioned
in the connecting rods by tangs which are located
at one end of each bearing at the parting line.
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The bearings are held in place by an interference
or crush fit, created when the cap is secured in
place by two special bolts, castellated nuts and
cotter pins.

The piston pin bushing is held in position in the
upper end of the connecting rod by an interference
fit. An oil hole in the internal groove registers with
the rifle drilled oil passage in the connecting rod
and allows oil under pressure to flow around the
piston pin.

The removal and installation of pistons and con
necting rods and the replacement of connecting
rod bearing shells is described in "REPLACEMENT
OF PISTON AND CONNECTING ROD," also, in
"DISASSEMBLYOF ENGINE" and "ASSEMBLYOF
ENGINE" in this Section.

C. Removal of Connecting Rod and Rings
from Piston

1. Using a pair of Truarc #23 pliers, remove
the piston pin retainer at each end of the
piston pin.

2. Using tools similar to those shown in Fig. 36,
drive the piston pin from the piston. If a
suitable driver tool is not available, im
merse the piston in water (not oil) heated
to 1800 F. for approximately five minutes
and remove the piston pin while the piston
is still hot. NOTE: The characteristic of an
aluminum alloy piston is for the piston pin
bore in the piston to expand as the piston
heats, therefore, the piston pin is a tight
fit in the piston when the piston is at room
temperature.

3. Remove the piston rings using a ring re
mover and installer tool similar to the one
shown in Figure 37. NOTE: If for any reason
the piston rings are removed from the pis
tons, even after a short period of operation,
it is recommended not to install the same
rings, because in most cases they will not
again seat properly. It is cheaper to install
new rings. On the surfaces of new piston
rings that contact the cylinder walls, there
are tool marks and reasonably rough sur
faces which allows for a fast wear-in and

COMPRESSION RING

3. 2nd & 3rd
COMPRESSION RINGS

4. OIL RING ASSEMBLY

seating of the rings to the cylinder walls.
After a period of operation, the rings wear
or lap themselves to fit perfectly with the
cylinder walls and the rings "SEAT/' If, for
any reason, the pistons are removed after
a short period of operation, the location of
the rings on the pistons will be altered. It
is impossible to again locate them in their
original seating location on the cylinder
wall.

D. Piston and Piston Ring Inspection

Before inspecting the pistons they must be thor-
oughly cleaned. Remove gummy deposits by using L;
fuel oil or a cleaning solvent and drying with com-

8-27



pressed air. Be sure that the oil drain holes in the
oil ring grooves are open and clean. If the cleaning
solution does not remove all carbon from the bot
tom of the ring grooves, break the old rings in half
and use the butt ends as a scraper. Be careful to
remove only carbon or foreign matter; do not
scrape away any metal from the sides or bottom
of the ring grooves.

The skirt of the piston should be carefully inspected
for score marks or other indications of improper
piston clearance. Any scored pistons should be re
placed. Inspect the inside of the piston for cracks.
Any cracks in the pistons make them unfit for fur
ther use. The piston skirt diameter of a new piston
is 4.429" to 4.430"; the inside diameter of a new
cylinder sleeve is 4.370/1 to 4.4385", giving a
running clearance of .0070" to .0095". NOTE:
Pistons,sleeves, and rings are available in standard
size only.

The normal pattern of wear on pistons will show
maximum wear in the compression ring grooves.
Seldom is piston replacement required because of
excessive wear in the oil ring grooves or because
the piston skirt or piston pin bores are excessively
worn.

Excessive dirt consumption through the air intake
system, overheating, excessive combustion tem
perature caused by abuse or maladjustment, and
faulty lubrication can alter these patterns of normal
wear and cause deterioration and failure not asso
ciated with normal wear.

If the wear in the piston compression ring grooves
does not create side clearance with new piston
rings greater than .007", piston pin bore clearance
does not exceed new maximum tolerance more than
.001", no cracks or scores are detected in piston pin
bosses, on skirt or in the combustion chamber area,
and the carbon is completely removed from the
bottom of all ring grooves, the pistons may be
re-used with a reasonable life expectancy of ap
proximately ~ to % that of new pistons.

New piston rings should always be used with new
pistons. If the engine has been in service for some
time, even though the same pistons are again used,
it is advisable to use new rings when the engine
is again assembled.

Measure the ring-to-groove clearance (top of ring
to top of groove in piston) as shown in Figure 38.
The specified clearances using a new piston and
new rings are as follows:

Top Ring (Chrome Plated
C . R' ) .004/1 to .0055"ompresslon mg .

2nd and 3rd
(C . R') .003" to .0045"ompresslon mgs .

4th Ring (Oil Control Ring) .003" to .009"

Fig. 38 - Checking Ring-to-Groove Clearance J

E. Checking Piston Ring Gap

When pistons and sleeves are within the new
specified dimensions and original new replacement
rings are being used, the gap between the ends
of the piston rings should be measured before the
rings are installed on the pistons. This is a precau
tionary measure, because insufficient end gap will
cause scored rings and cylinder sleeves and other
damage. Select the rings that are to be used and
insert them one at a time into the cylinder sleeve
in which they are to operate.

Use a piston to push the ring squarely into the
cylinder sleeve so that it is parallel with the cyl
inder head. Push the ring far enough down in the
bore of the cylinder sleeve to be on the ring travel
area. Check the ring gap with a feeler gauge as
shown in Figure 39.
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The specified ring end gaps in standard size
original cylinder sleeves of 4.437"/4.4385" bore
are:

Top Ring .023" Min. - .038" Max.

2nd and 3rd Rings . . .. .013" Min. - .026" Max.

4th (3-piece) Ring 013" Min. - .058" Max.

CAUTION: The chrome plated compression ring
should never be filed to open the gap because the
plating might be loosened by the file and later
distributed through the engine, causing damage
or scoring of the piston and the cylinder sleeve.

F. Installation of Rings

1. Install the rings on the piston (with side
marked TOP towards top of piston) using
a piston ring remover and installer as
shown in Figure 37. NOTE:When installing
the rings on the pistons, do not spread the
rings more than necessary.

2. The control ring expander must be installed
first in the lower groove in the piston. The
oil control ring segments must be installed,
one from the top and one from the bottom.

3. The 3rd, 2nd and top rings are to be in
stalled after the oil control set.

4. Stagger the ring gaps evenly around the
piston and apply oil to the rings and the
pistons before installing them in the cylinder
sleeves.

G. Inspection of Connecting RodAssembly

Wash the connecting rod assembly in clean solvent
or fuel. Whenever connecting rods are removed
from an engine it is good practice to check align
ment of the piston pin bushing end with the big
bore end. Alignment can be checked with a direct
reading alignment gauge similar to the one shown
in Figures 40 and 41. Note that with this type
alignment gauge the rod can be checked with or
without the piston assembled to the rod.

Fig. 40 - Checking Rod Alignment (Rod Only)

1. Measure the outside diameter of the piston
pin to determine the wear. The specified
diameter of a new piston pin is 1.6265"
to 1.6267".

2. The specified inside diameter of the bushing
in the connecting rod is 1.6277" to 1.6282".
These dimensions of the pin and bushing
provide a clearance of .001" to .0017";
clearances up to .003" are permissible. If
the wear is close to or beyond this limit,
replace the connecting rod bushing (see
"REPLACEMENTOF CONNECTING ROD
BUSHING" in this Section).
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Fig. 41 - Checking Rod Alignment (With Piston)

3. Blow dry compressed air through the oil
passages in the connecting rod. IMPOR
TANT: Be sure that all oil passages are
open.

4. Inspect the connecting rod bearing shells
for scoring, chipping, corrosion, cracking,
or signs of overheating; discard the bearing
shells if any of these conditions are ap
parent. Inspect the tangs of the upper and
lower bearing shells for indication of radial
movement within the connecting rod. If a
bearing has been radially shifting the tang
will have worn down below the parting line
of the bearing shell and is unfit for future
use.

5. Inspect the bearing shells for wear. The
specified inside diameter of the bearing
shells when installed and the nuts tightened
to the specified torque is2.7745" to 2.7760".
This provides a running clearance of .002"
to .0045"; new bearing shells must be in
stalled when this clearance exceeds .009".
The specified thickness of the bearing shells
is .12475"/.12525" and should be meas
ured for wear in the same manner as the
main bearing shells (refer to Figure 28).

Connecting rod bearings that measure less
than .123" at the center should be dis
carded and new ones installed. In the event
that the crankshaft is worn and damaged
and must be reground, bearing shells .010",
.020", .030", and .040" undersize are
available.

H. Replacement of Connecting Rod
Bushing

If the connecting rod bushing is worn, it may be
replaced. The old bushing may be pressed out of
and a new bushing pressed into the connecting
rod. When new bushings are installed, be sure that
the oil hole in the bushing lines up with the rifle
drilled oil hole in the connecting rod. The specified
diameter of a new piston pin is 1.6265" to 1.6267/1
and the inside diameter of the bushing is 1.6277/1
to 1.6282/1; this provides a clearance of .001/1 to
.0017/1 between the pin and bushing. It will be
necessary to ream the connecting rod bushing to
obtain this clearance. NOTE: Whenever it is neces
sary to replace a connecting rod bushing, it is
recommended that the work be done by a reputa
ble machine shop suitably equipped to bore the
bushing to the specified dimension given above and
in alignment with the big end bore.

I. Assemble Connecting Rods and Pistons
1. Install one of the piston pin retainers in

one end of the piston pin hole in the piston.

2. Insert the upper end of the connecting rod
into the piston. Lubricate the piston pin
with clean oil and with a driver tool similar
to the one shown in Figure 36, drive the
piston pin into the piston and the connect
ing rod. If a suitable driver tool is not
available, immerse the piston in water
heated to 1800 F. for approximately five
minutes, then insert the piston pin into the
piston. CAUTION: Do not heat the piston
in oil.

3. Install the other piston pin retainer at the
opposite end of the piston pin.

NOTE: When assembling the piston to the
connecting rod be certain that the side of
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the piston stamped "Camshaft Side" is to
ward the side of the rod stamped with

numbers identifying the cap with upper
portion of the connecting rod.

7. CAMSHAFT AND CAMSHAFT BEARINGS

A. Description

The one piece camshaft is drop forged, open-hearth
steel, case hardened at the cams and journals, and
is located in the lower half of the cylinder block
on therighthand side of the engine. The camshaft
is rigidly supported in the cylinder block by four
precision type bronze bearings. A smoothly ground
hardened steel camshaft thrust collar is provided
at the rear (gear) end of the camshaft.

B. Lubrication

Lubrication is supplied to the camshaft from four
oil passages drilled through the cylinder block from
the rear, two to the intermediate, and the rear
main bearings.

C. Removal and Installation of Camshaft

1. Remove the push rods and the valve lifters
(refer to "VALVE LIFTERAND PUSH ROD
REMOVAL, INSPECTION, AND INSTALLA
TION" in this Section).

2. Remove the crankshaft pulley retaining
capscrew and remove pulley (refer to
"REMOVAL OF CRANKSHAFT PULLEY" in
this Section).

3. Loosen the fan belt tightener and remove
the fan belts.

4. Remove the capscrews from the power
steering drive pulley and remove pulley
from the hub.

5. Loosen the large capscrew in the crank
shaft pulley and using a puller similar to
the one shown in Fig. 35 break the pulley
loose from the crankshaft. Remove the cap
screw, washer and pulley.

6. Loosen the rear trunnion bracket capscrews
and remove the trunnion from the cover.

7. Remove the capscrews attaching the timing

gear housing cover to the timing gear
housing. Remove the capscrews attaching
the timing gear housing cover to the oil
pan and remove the timing gear housing
cover.

8. Remove the capscrews attaching the cap
screw locking plate and the camshaft thrust
collar to the cylinder block. Remove the
capscrew locking plate. Using care to pre
vent the cams from damaging the bearings,
remove the camshaft and camshaft gear as
an assembly. Slide the thrust collar from
the camshaft.

9. Remove the gear retaining snap ring from
the end of the camshaft and press the cam
shaft from the camshaft gear. Remove the
"WOODRUFF" key.

To install the camshaft gear, install the
"WOODRUFF" key in the camshaft. Heat V
the gear in oil to a temperature of ap
proximately 2400 F. and press the gear
onto the camshaft, being certain that the
rear face of the gear hub contacts the
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shoulder of the shaft. Install the gear re
taining snap ring. After the gear has
cooled, place the camshaft thrust collar on
the camshaft and measure the clearance
between the thrust collar and the camshaft
using a feeler gauge as shown in Fig. 42.
The clearance (end play) should be .003/1
to .009/1. The specified thickness of a new
thrust collar is .205/1 to .206/1; install a new
thrust collar if necessary.

The camshaft may be installed by a direct
reversal of the removal procedure. When
installing, be certain that the oil grooved
side of the thrust collar is toward the cam
shaft gear. NOTE: Be certain that the timing
marks (Fig. 47) on the camshaft gear and
the crankshaft gear are aligned when in
stalling the camshaft.

D. Removal and Installation of Camshaft
Bearings

n CAMSHAFT BEARING

Fig. 43 - Checking Camshaft Searing Clearance

The clearance between the camshaft bearings and
the camshaft journals should be .0019/1 to .0055".
If the clearance is .0075/1 or more, new camshaft
bearings must be installed. The specified diameter
of the camshaft bearing journals is 2.2465/1 to
2.2475" and the inside diameter of new camshaft
bearings when installed is 2.2494" to 2.2520". To
install new camshaft bearings, proceed as follows:

1. Remove the engine from the loader (refer
to "ENGINE REMOVAL AND INSTALLA
TION," this Section).

2. It is possible to remove and install the cam
shaft bearings without removing the oil
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pan, however, to prevent dirt from falling
into the crankcase and to facilitate the cam
shaft bearing removal and installation, it
is recommended that the oil pan be re
moved.

3. Remove the camshaft as outlined in Para
graph "C" above.

4. Remove the capscrews attaching the timing
gear housing to the cylinder block and re
move the timing gear housing, water pump,
and the water pump volute as an assembly.

5. Remove the starter.

6. Remove the flywheel (refer to "FLYWHEEl
AND RING GEAR INSPECTION AND RE
PLACEMENT" in this Section).

7. Remove the capscrews attaching the fly
wheel housing to the cylinder block and
remove the flywheel housing.

8. Remove the 2%" expansion plug from the
rear end of the cylinder block, at the cam
shaft rear bearing location.

9. With a camshaft bearing removing and in
stalling set similar to the one shown in
Figure 44, proceed as shown in Figures 45
and 46 to remove and install new camshaft
bearings. NOTE: When installing new cam
shaft bearings with the puller set illustrated,
be certain that the "C" washer (stop plate)
is inserted in the SECOND NOTCH from the
FRONT end of the puller shaft. The hex nut
on the puller shaft is turned onto the shaft
until the "C/I washer on the front of the
puller shaft contacts the front machined
surface of the cylinder block. The notches
in the puller shaft are accurately located so
that when the "C/I washer (Stop Plate)
contacts the front face of the cylinder block,
the oil grooves in the new bearings are
automatically located with the oil holes in
the cylinder block.

IMPORTANT: All four camshaft bearings
have one end beveled. The bearings MUST
be installed with the beveled end facing



"C" WASHER (STOP PLATE)

NOTE: NOTCH TO BE USED FOR SUPERCHARGED MODEL 516 ENGINES
I

FLATWASHER PUll:O:;~TCH TO BE USED FOR ALL 11000 ENGIN\

~t
SPACER

INSTALLING PILOT

'-- Fig. 44 - Camshaft Bearing Removing and
Installing Tool Set

SHAFT PILOT
'-- Fig. 45 - Removing and Installing Camshaft ~

Rear Bearing

the front (flywheel end) of the engine. The
camshaft rear bearing, which is 1.560" to
1.564" long, has an oil groove machined
into the outer circumference and has one
large (Ye") and two small (Yo") oil holes
drilled through the bearing. Determine and
mark the location of the oil hole in the
cylinder block so that when the new rear
bearing is installed, the large (Ye") oil hole
in the bearing is aligned with the oil hole
in the cylinder block.

groove. The front camshaft bearing is 1"
long and has an oil groove. Both of the
intermediate and front bearings have three
Yo" oil holes. One of the Yo" oil holes in
each bearing should be aligned with the
oil supply hole in the cylinder block.

After installing the bearing, use a piece of
wire to check and be certain that the oil
hole is properly located. The camshaft
bearings are of the precision type and do
not require reaming after installation.

The two camshaft intermediate bearings
are .935" to .939" long and have an oil Insert the O-ring in the groove of the cam-
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• INSTALLING PILOT

{h, iZQ
SHAFT PILOT
OJ

+ PULLERSHAFT -+-
-c- WASHER
(STOP PLATEl

OLD BEARING -II-
I------:---------OPERATION No.1- REARBEARING

1: :-~ftt='~";j ..;-_--+--, -JO...-.i

"c" WASHER NEW BEARING OLD BEARING , COLLAR

t--_{....ST_O_P_P_LA_TE_l OPERATIONNo.2~ INTERMEDIATEBEARING---------------"'1

SHAFT PILOT
&

"Cn WASHER
m

INSTALLING PILOT
az,

SPACER

-c- WASHER~
(STOP PLATEl

OPERATIONNo.4-FRONTBEARING

'----- Fig. 46 - Sequence of Operation for Removing ....
and Installing Camshaft Bearings

shaft hole plug. Press the O-ring and plug
as an assembly into the cylinder block at
the front bearing location. NOTE: One edge
of the plug is chamfered for ease of in
stallation. The threaded hole in the center
of the opposite side is for removing the
plug and must face to the front of the
engine.

Install the camshaft and assemble the en
gine by a direct reversal of the removal
procedure outlined above.

Check the fuel injection pump timing (refer
to "ENGINE FUEL SYSTEM AND GOV
ERNOR," Section II).
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8. GEAR TRAIN

A. Description

Located in the timing gear housing at the rear
end of the engine is a completely enclosed train
of four helical gears as shown in Fig. 47. A crank
shaft gear, pressed and keyed onto the crankshaft,
drives the oil pump and the camshaft gears. The
camshaft gear in turn drives the fuel injection pump
gear. The gear train is splash lubricated by oil
thrown by the gears and by oil being returned to
the crankcase.

5. Oil PUMP
DRIVE GEAR

L-- Fig. 47 - Gear Train ....1

B. Service

The helical gear train will run quietly if the gears
and bearings are in good condition. The specified
backlash between any of the mating gears is from
.003" to .007". As the gears or the bearings be
come worn, the backlash will increase and the
gear train may become noisy.

The gear train may be exposed for inspection by
removing the timing gear housing cover.

1. Remove the timing gear cover (refer to
Paragraph "C," Topic 7, "REMOVALAND
INSTALLATIONOF CAMSHAFT" in this
Section).

2. Inspect the gears for nicked, scored, or

broken teeth. Replace any worn or dam
aged gears. After inspection, cleaning or
replacement, assemble the above items in
direct reversal from the removal procedure.

C. Camshaft Gear Removal and
Installation

1. Removal of Camshaft Gear

Remove the gear retaining snap ring from the cam
shaft. With a puller similar to the one shown in
Fig. 48, remove the camshaft gear. NOTE: Before
removing the camshaft gear, rotate the crankshaft
until the timing marks on the crankshaft gear and
the camshaft gear are aligned as shown in Fig. 47.

GEAR

L--__ Fig. 48 - Removing Camshaft Gear __ -J

2. Installation of Camshaft Gear

a. Be certain that the "WOODRUFF"key is in
the camshaft.

b. Heat the camshaft gear in oil to a tempera
ture of approximately 2400 F. and with a
suitable driving collar or a hard wooden
block, drive the camshaft gear onto the
camshaft. NOTE:Be certain that the timing
marks on the camshaft gear and the crank
shaft gear are aligned when the camshaft
gear is installed.

c. Install the gear retaining snap ring (Fig. 47)
on the camshaft.
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n
D. Crankshaft Gear Removal and

Installation
1. Removal of Crankshaft Gear

a. With puller tools similar to the ones shown
in Fig. 26, remove the rear oil seal sleeve
and spacer from the crankshaft.

b. With a puller tool similar to the one shown
in Fig. 27, pull the crankshaft gear from
the crankshaft.

2. Installation of Crankshaft Gear

a. Be certain that the "WOODRUFF" key is
in the crankshaft.

b. Heat the crankshaft gear and the rear oil
seal sleeve in oil to a temperature of ap
proximately 2400 F. and with a suitable
driving collar or a hard wooden block,
drive the crankshaft gear onto the crank
shaft. Place the rear oil sleeve spacer on
the crankshaft and with a suitable driving
collar, drive the rear oil seal sleeve onto
the crankshaft.n NOTE: Be certain that the timing marks on
the crankshaft gear and the camshaft gear
are aligned as shown in Fig. 47 when the
crankshaft gear is installed.

E. Iniection Pump Drive Gear Removal
and Installation

Refer to "ENGINE FUEL SYSTEM AND GOVER
NOR," Section II.

F. Oil Pump Driving Gear Removal and
Installation

In order to remove the oil pump driving gear, it

is necessary to remove the engine from the loader
and remove the oil pan (refer to "ENGINE - RE
MOVAL AND INSTALLATION" in this Section).

1. Removal of Oil Pump Driving Gear

a. Drain the engine lubricating oil.

b. Remove the capscrews attaching the oil pan
to the cylinder block, the timing gear hous
ing, and to the flywheel housing and re
move the oil pan.

c. Remove the cotter pin and the slotted nut
from the end of the oil pump upper shaft.

d. Using a puller tool similar to the one shown
in Fig. 2, Topic 3, "LUBRICATING OIL
PRESSURE PUMP," Section V, pull the oil
pump driving gear from the shaft.

2. Installation of Oil Pump Driving Gear

a. Be certain that the "WOODRUFF" key is in
the oil pump upper shaft.

b. Position the driving gear onto the shaft and
tighten the slotted nut to a torque of 75 -
85 ft. Ibs. Secure the slotted nut with a
cotter pin.

c. Install the oil pan and the timing gear
housing cover, using new gaskets, by a
direct reversal of the removal procedure.
NOTE: A new crankshaft oil seal should be
installed in the timing gear housing cover
(refer to "REPLACEMENT OF CRANKSHAFT
OIL SEALS" in this Section).
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9. REPAIR OF ENGINE WHILE INSTALLED

A. General

Repair or replacement of the crankshaft, camshaft
and camshaft bearings, camshaft gear, crankshaft
gear, and crankshaft front oil seal requires the
removal of the engine. Practically all other parts
can be removed and new parts installed without
removal of the engine. IMPORTANT: It is unwise to
replace the cylinder sleeves, pistons and connecting
rods, or the main and connecting rod bearings with
out taking it into a clean shop where it can be dis
assembled and aI/ of the parts thoroughly cleaned
and inspected before new parts are instal/ed. There
are several reasons why this should not be done
in the open, namely:

1. It is impossible to keep the engine and parts
clean and free from dust or foreign material
if the repair work is performed in the open.

2. Failure of the parts needing replacement,
may be due to clogged or restricted oil
passages or gritty substances in the engine.
If the oil passages are not properly cleaned,
or if all abrasive material is not removed
by thorough cleaning, failure may again
occur within a short period of operation
after the new parts are installed.

3. If some parts have become worn or dam
aged to the point where replacement of
these parts is required, it is only reasonable
to assume that other parts may also be
worn, and, if not replaced at the same
time, will result in further shut-down within
a short time.

The following procedures described the replace
ment of the pistons and the connecting rods, and
the main and connecting rod bearings. These in
structions are given to provide for emergency
repairs when it is impractical to move the engine
to a shop. The engine must be removed from the
loader for all the following repair procedures
(refer to "ENGINES - REMOVALAND INSTALLA
TION" in this Section).
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B. Replacement of Pistons and Connecting
Rods

1. Remove the cylinder heads (refer to "CYL
INDER HEAD REMOVAL" in this Section).
Cover the cylinder heads and the top of
the engine to prevent dust from blowing
onto the exposed parts.

2. Drain the oil from the crankcase and re
move the oil pan.

3. Remove the oil pressure pump from the
cylinder block (refer to Section V).

4. Pull the cotter pins and remove the nuts
and the bearing cap from each connecting
rod in turn and push the piston and the
connecting rod assembly out through the
top of the cylinder block. Reassemble
the bearing caps on their respective con
necting rods as they are removed.

5. Inspect, disassemble, and reassemble the
pistons and connecting rods as required
(refer to "PISTONS AND CONNECTING
RODS" in this Section).

6. Inspect the bearing journals of the crank
shaft for scoring, checking, or signs of over
heating. If any of these conditions exist, the
crankshaft will require reconditioning or
replacement.

7. Install the pistons and the connecting rods
as explained in "ASSEMBLY OF ENGINE"
in this Section. Be sure that all parts are
clean and lubricated before they are in
stalled.

8. Install the oil pressure pump and the oil
pan (refer to Section V). Fill the engine
crankcase to the proper level with the
specified oil.

9. Install the cylinder heads (refer to "CYLIN
DERHEAD INSTALLATION" in this Section).



n
10. Check the engine oil pressure immediately

after starting the engine and be sure that
the pressure is within the normal range.

C. Replacement of Crankshaft Main
Bearings

1. Remove the fuel injection nozzle assemblies
(refer to "ENGINE FUEL SYSTEM AND
GOVERNOR," Section II). in order to re
lieve the compression and allow free turning
of the crankshaft.

2. Drain the oil from the crankcase and re
move the oil pan.

3. Remove the oil pressure pump from the
cylinder block (refer to Section V).

n

4. Remove the main bearing caps one at a
time and install new bearing shells. Do not
fully tighten the bearing caps until all the
bearing shells have been installed. The
lower bearing shell can be removed from
the bearing cap after the cap is removed.
Remove the upper bearing shell as follows:

a. Insert a ~" x 1" capscrew, with the
head ground down to a thickness of
approximately %2" into the crankshaft
main bearing oil hole as shown in Fig.
49. Then rotate the crankshaft in the
direction that will turn the head of the
bolt against the end of the bearing shell
that has no locking tang. Continue
rotating the crankshaft until the shell
has been pushed out.

b. The upper half of thefrontmain bearing
shell may be rolled out of place by driv
ing on the edge of the bearing shell
with a small curved rod or a suitable
length of copper tubing (flattened on
one end) as shown in Fig. 50, while
rotating the crankshaft.

5. Inspect the crankshaft and each bearing
shell as explained in "CRANKSHAFT,
CRANKSHAFT PULLEY,FLYWHEEL,MAIN
BEARINGS, AND FLYWHEELHOUSING" in
this Section. If the crankshaft is unfit for

...
CYLINDER BLOCK

-Fig. 50 - Removing Front Main Bearing
Upper Shell

use, it must be reconditioned or replaced
before new bearings are installed. NOTE:
The halves of new main bearing shells are
identical, therefore, they may be installed
in either the upper or lower positions.

6. Install the upper half of each main bearing
shell as follows: Lubricate the bearing shell
and start the end of the bearing shell (end
having no tang) around the crankshaft
bearing journal, so that when the bearing

8-38



shell is in place, the tang will fit into the
slot in the shell seat.

7. After the upper bearing shell has been
installed, place the lower bearing shell in
the bearing cap, with the tang of the shell
in the corresponding slot in the cap. Lubri
cate with clean engine oil and install the
bearing cap. NOTE: The main bearing
caps are numbered 1, 2, 3, etc., indicating
their respective positions. Install the bearing
caps with the numbers facing the rear (fan
end) of the engine and corresponding to the
number stamped on the lower right edge
of the cylinder block (refer to Fig. 31).

8. After all the bearing shells have been in
stalled, tighten the main bearing stud nuts
using a torque indicating wrench. Tighten
the %" stud nuts, used on the front, inter
mediate, and rear main bearings to a
torque of 210 to 230 Ibs. ft.; tighten the
%" stud nuts used on the center main
bearing to a torque of 160 to 170 Ibs. ft.

CAUTION: Do not overtighten the main
bearing stud nuts. If these nuts are over
tightened, the bearing caps may be dis
torted, and cause premature failure of the
bearings. The crankshaft should turn freely
after all the nuts are tightened to the
specified torque. Lock the nuts with the
lockwashers and/or locking plates.

9. Install the oil pressure pump and the oil
pan (refer to Section V). Fill the engine
crankcase to the proper level with the
specified oil.

10. Install the fuel injection nozzle assemblies
(refer to "ENGINE FUEL SYSTEM AND
GOVERNOR," Section II).

11. After the new bearings have been installed,
the engine should be operated on a run-in
schedule as outlined in "ASSEMBLY OF
ENGINE" in this Section.

10. REMOVAL AND INSTALLATION OF ENGINE

A suitable hoist, cable or chain and a sling spacing
bar, or equivalent equipment will be needed to
lift the engine from the loader.

An engine stand or suitable blocks, to support the
engine after it is removed should also be provided,
along with an ample supply of cleaning solvent,
clean wiping rags, and at least 6 to 8 boxes or
pans to hold bolts and small parts removed from
the engine and loader. A supply of plastic or
neoprene caps or their equivalent, in various sizes
is also a necessity in closing the open ends of hoses,
lines and parts to prevent the entrance of foreign
material while the lines are separated. CAUTION:
Do not use loose fitting plugs that can become
lodged in the hoses, tubes, or fittings.

The use of caps, which cover the threads, rather
than plugs, is desired, thus necessitating their re
moval before the lines can be joined.

It is recommended that the loader, particularly the
engine, be washed before the engine is removed.
This will not only prevent dirt from getting on the

exposed parts at disassembly, but will make the
work much quicker and more easily done.

A. Engine Removal

1. Remove the hood and side panels.

2. Drain the cooling system (refer to "DRAIN
ING AND FILLING OF SYSTEM," Section
IV). Loosen the rear hose clamps on the
upper and lower radiator hoses.

3. Disconnect all cables and wires from bat
teries and the battery box and remove the
battery box.

4. Remove the air cleaner from the side brace.
Remove the left and right side braces being
careful that the correct amount of shims are
kept with their respective brace.

5. Disconnect the fan guard from the radiator
guard assembly. The fan guard may be re- '--'
moved after the radiator assembly is
removed.
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6. Disconnect the tail light and back-up light
wires from the radiator guard assembly, at
the connectors located at the left front
corner of the radiator guard.

7. Remove the capscrews and lockwashers that
secure the radiator and radiator guard
assembly to the main frame and using a
suitable rope, cable or chain, remove the
radiator and guard assembly.

8. Remove the power steering pump assembly
from the rear engine support hanger. Cap
all open hydraulic lines.

9. Disconnect the throttle linkage at the bell
crank.

10. Disconnect the starter ground cable. Discon
nect the wires to the generator, engine
temperature sender, engine oil pressure
sender, hour meter pressure switch and the
fuel shut-off solenoid.

n
11. Disconnect the lines from the air compressor

and air compressor governor. Disconnect
the fuel and return lines from the fuel filter.
Disconnect the transmission oil cooler to
converter lines at the converter. Cap all
exposed lines and fittings.

12. Remove the capscrews and lockwashers
securing the transmission to the engine
flywheel housing.

13. Remove the capscrews, plain washers and
locknuts that secure the rear engine support
hanger to the main frame. Remove the
capscrew, lockwasher and special flat
washer that secure the front engine mount
ing bracket to the main frame. CAUTION:
Do not lose or mix shims under the front
engine mounting brackets.

14. The engine is now ready for removal from
the loader. Using a suitable lifting sling
and hoist of the proper capacity, raise the
engine up slightly so that the weight is off
the engine mounts. Move the engine toward
the rear of the loader to disengage the
transmission and then raise the engine

slowly out of the loader. CAUTION: Use
care when removing the engine; be certain
that all necessary wiring, lines, linkage, etc.
is disconnected and that no parts are dam
aged by careless handling.

B. Engine Installation

The installation of the engine is practically a re
versal of the removal procedure, except that certain
inspections and adjustments must be made which
are listed as follows:

NOTE: Inspect the two rubber shock mounts
for the engine. If the rubber has deterio
rated or if the hole in the rubber is en
larged, the mountings must be replaced.

1. Check for correct shimming under the front
engine mounts.

2. Check for proper fuel injection pump timing
(refer to "ENGINE FUEL SYSTEM," Sec
tion II).

3. Check for proper engine crankcase level.
If the engine has been rebuilt or a new
engine has been installed, remove the
rocker arm cover and pour approximately
two (2) quarts of oil over the rocker arm
assemblies and cylinder head compartments
when filling crankcase. This will assure ini
tiallubrication of various components within
the engine.

4. Polarize the generator (refer to "ELEC
TRICAL SYSTEM - GENERATOR AND
GENERATOR REGULATOR").

5. Bleed the fuel system (refer to "ENGINE
FUELSYSTEM, GOVERNOR AND ENGINE
CONTROLS").

6. Adjust the throttle linkage (refer to "EN
GINE FUEL SYSTEM, GOVERNOR AND
ENGINE CONTROLS").

7. Fill the cooling system with the proper
coolant (refer to "ENGINE COOLING
SYSTEM").

8. If the engine has been rebuilt, or if a new
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engine has been installed, the engine should
be operated in a run-in schedule as out
lined in "ASSEMBLY OF ENGINE" in this
Section.

9. On the initial starting after the engine has

been installed in the loader, make an imme-
diate check of the instruments for proper
oil pressure, coolant temperature and gen
erator characteristics. Check all oil, coolant V
and air lines for leaks. Check all filters for
leaks. Correct as necessary.

11. DISASSEMBLY OF ENGINE

A. Removal of Accessories from Engine

The lubricating oil, fuel oil, and coolant must be
thoroughly drained from the engine.

Enough pans or boxes should be available so that
each of the various components removed from the
engine can be placed in them and kept separated.
Keeping the components and their capscrews
separated will make the reinstalling easier and
quicker.

The following procedure gives a logical sequence
for the removal of the accessories, starting at one
side and working around the engine.

1. With the engine suspended from a hoist, or
supported on blocks, remove the following
parts from the left side of the engine so that
the engine can be mounted to an engine
stand, if a stand is available.

Remove all the oil lines from the lubricating
oil filter and the oil coolers. Remove the
capscrews and lockwashers attaching the
filter head assembly to the cylinder block.
Loosen and remove the complete filter and
head assembly. Remove the capscrews and
lockwashers attaching the lubricating oil
cooler and transmission oil cooler to the
cylinder block and after loosening the
water hose clamp, remove the combined
oil cooler assembly complete with the inlet
and outlet connections.

2. With the above accessories removed, in
stall the engine stand adaptor plate on the
left side of the engine.

3. Remove the air intake manifold. Remove
the crankcase oil level gauge rod.

4. Remove the capscrews attaching the fan to
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the fan hub and remove the fan. Loosen
the tension on the fan belts and remove
all the drive or driven belts.

5. Remove the capscrews attaching the gen
erator mounting bracket and remove the
generator with mounting bracket. Remove
the generator belt adjustment link cap
screw and remove the link from the engine.

6. Remove the inlet and outlet oil lines from
the turbocharger. Loosen the hose clamps
on the turbocharger to intake manifold
pipe. Remove the stud nuts and lockwasher
on the turbocharger mounting pad and
exhaust pipe mounting pad and remove

~hn~t.tu~:~~::r;~~ ~:~ :~~a~~:i~iP:a;hser~ V
attaching the exhaust manifold to the cyl
inder heads and remove the exhaust
manifold.

7. Remove the capscrews and lockwashers
attaching the water outlet manifolds to the
cylinder heads and remove the water out
let manifolds and the thermostat housing
as an assembly. Remove the by-pass tube.

8. Remove the fan hub and fan belt tightener
assembly from the engine.

9. Remove the crankshaft pulley (refer to
"REMOVAL OF CRANKSHAFT PULLEY
ASSEMBLY" In this Section). Loosen the
capscrews clamping the engine rear trun
nion mounting bracket to the timing gear
housing cover and remove the trunnion and
bracket.

10. Remove the starter. .
V



B. Disassembly of Engine Into
Sub-Assemblies

Refer to pertinent sections of this manual for de
tailed information on the various engine sub
assemblies. If the engine is mounted 011 an engine
stand, turn the engine to the position most con
venient for removal of the sub-assemblies.

1. Disconnect the fuel injection lines from the
fuel injection nozzles and from the fuel
injection pump. Disconnect the fuel return
manifold from the return line and from the
nozzles. Remove the fuel return manifold.
Disconnect the fuel injection line brackets
from the engine. Remove the injection lines
with brackets as an assembly.

2. Disconnect the fuel (low pressure) lines from
the fuel pump and remove the fuel filter
head, filters, bracket and low pressure
lines as an assembly.

3. Remove the injection pump lubrication hose
with fittings. Remove the injection pump
mounting nuts and lockwashers and remove
the fuel injection pump and governor.

4. Remove the fuel injection nozzles. Remove
the cylinder head covers. Remove rocker
arm assemblies and push rods. Remove the
cylinder heads from the cylinder blocks.

5. Remove the capscrews and lockwashers
attaching the flywheel to the crankshaft
flange. Turn two ~" NF x 6" guide studs
into the crankshaft flange to act as guides
and to prevent damage to the flywheel
when removing. It may be necessary to tap
the flywheel loose by using a wooden block
inserted through the starter opening.

6. Remove the oil pan. Remove the capscrews
attaching the flywheel housing to the cyl
inder block and remove the flywheel
housing.

n 7. Remove top center nut and capscrews at
taching the timing gear housing cover to
the timing gear housing and remove the
cover.
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8. Remove the front and rear valve lifter
covers. Remove the valve lifters and the
valve lifter brackets.

9. Remove the lubricating oil pressure pump,
with the relief valve. Remove the oil pres
sure regulating valve (refer to "ENGINE
LUBRICATING SYSTEM," Section V).

10. Remove the camshaft and camshaft gear
as an assembly. Remove the capscrews
attaching the timing gear housing to the
cylinder block and remove the timing gear
housing, water pump, and water volute as
an assembly.

11. Remove the cotter pins and nuts from each
of the connecting rod bearing caps. Re
move each piston and connecting rod as
sembly from the engine by pushing the
assembly out through the top of the cyl
inder. Install each bearing cap on its
respective connecting rod as they are
removed.

12. Remove all the main bearing caps, lift the
crankshaft from the cylinder block.

13. Remove the camshaft bearings.

14. Remove the cylinder sleeves from the cyl
inder block. Remove all the plugs from oil
and water passages so that the cylinder
block can be thoroughly cleaned. CAU
TION: Note the location of all plugs re
moved so that they can be reinstalled in
their original positions.

15. Wash and inspect all parts thoroughly,
including the cylinder block. Refer to per
tinent sections of this manual for instructions
on disassembly, cleaning, and inspection of
the various sub-assemblies removed from
the engine.

16. If a new cylinder block is to be installed,
remove the cylinder head studs from the
old block.



12. ASSEMBLY OF ENGINE

A. General

Be sure that all of the parts are thoroughly cleaned
before they are installed in or on the engine. Use
new gaskets where gaskets are required. It is not
necessary to cement gaskets used to seal against
water leaks, on the other hand, BOTH SIDES of
gaskets used to seal against oil or air leakage
should be coated with gasket cement.

IMPORTANT: Lubricate all bearings or bearing sur
faces with clean engine oil as parts are assembled.

Before any parts are installed in the cylinder block,
be certain that all of the plugs which were removed
to clean the oil and water passages in the cylinder
block have been coated with sealing compound,
installed, and securely tightened.

1. If a new cylinder block is to be used, install
all studs at this time. Be certain that the
threads of the studs are clean, dry, and in
good condition. Turn the studs into the cyl
inder block to obtain the proper stud
heights above the flat machined surface of
the cylinder block.

2. Turn the cylinder block upside down and
install the upper halves of the main bearing
shells in the crankshaft bearing seats of the
cylinder block; the tangs of the bearing
shells must engage in the corresponding
slots in the bearing seats.

3. Lubricate all of the crankshaft main bear
ing journals and lower the crankshaft into
the cylinder block.

4. Place the lower halves of the main bearing
shells in the main bearing caps, being
certain that the tangs of the bearing shells
are engaged in the corresponding slots in
the bearing caps. The bearing caps are
numbered 1, 2, 3, etc., on the camshaft
side, indicating their respective positions.
Install the caps with the numbers to the
camshaft side of the engine and corre
sponding to the number stamped on the
lower right edge of the cylinder block as

shown in Fig. 31. Install the main bearing
cap lockwashers and stud nuts. Use a torque
indicating wrench and tighten the nuts to
a torque of 210 to 230 Ibs. ft. on the %11
nuts used on the front, intermediate, and
rear main bearings and tighten the %11
nuts used on the center main bearings to a
torque of 160 to 170 Ibs. ft. Check the end
thrust of the crankshaft which is taken by
the flanges of the center main bearing; the
end play may be measured as described in
"MAIN BEARING INSPECTION" in this Sec
tion. The specified clearance is .006" to
.01411 and should not exceed .022". Lock
the nuts with the lockwashers and/or lock
ing plates.

CAUTION: Do not overtighten the main
bearing stud nuts. If these nuts are over
tightened, the bearing caps may be dis
torted, causing the bearings to be drawn
tight against the crankshaft and cause pre
mature failure of the bearings.

The crankshaft should turn freely after all
the nuts are tightened to the specified
torque. Never file or shim a bearing cap
to make the bearing shell fit; install new
bearing shells if the fit on the crankshaft
is unsatisfactory.

5. Install the crankshaft gear and the rear oil
seal sleeve and spacer on the crankshaft
(refer to "CRANKSHAFT GEAR REMOVAL
AND INSTALLATION" in this Section). The
rear oil seal sleeve is serviced separately
and should be replaced if worn.

6. Install the camshaft bearings in the cylinder
block. All four camshaft bearings have one
end beveled. The bearings must be installed
with the beveled end facing the front
(flywheel end) of the engine. Refer to
"REMOVALAND INSTALLATIONOF CAM
SHAFT BEARINGS" in this Section.

7. Turn the cylinder block on end, or lay it
on its side, for installation of the cylinder
sleeves. Before installing the cylinder sleeve,
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n
new packing rings must be installed. If the
old sleeves are to be installed, remove the
old packing rings and clean any rust or
scale from the packing ring grooves in the
cylinder sleeve. Stand the cylinder sleeve
on a clean work bench with the lower end
of the sleeve upward. Install the new pack
ing rings over the lower end of the sleeve
and into the grooves using care not to twist
or roll the packing rings when installing.
Apply liquid soap (green soap) or hydraulic
brake fluid to the packing rings before in
stalling the cylinder sleeve into the cylinder
block. Use care to prevent damage to the
packing rings and install the cylinder sleeve
in the cylinder block. When the flange of
the cylinder sleeve is firmly seated in the
counterbore in the cylinder block, the sur
face of the cylinder sleeve flange should
protrude above the cylinder block .0065"
to .0095". Cylinder sleeve shims are
available to maintain this dimension (refer
to "CYLINDERBLOCK AND CYLINDER
SLEEVES"in this Section).

n 8. Install the pistons with rings and connecting
rods as an assembly. The lower end of each
rod, as well as the bearing caps, are
numbered 1, 2, 3, etc., on the camshaft
side. These numbers identify the bearing
caps with the rods and indicate the par
ticular cylinder from which each rod was
removed. The connecting rods must be in
stalled with the numbered side of the rod
facing the camshaft side of the cylinder
block. The piston is also marked to reflect
the camshaft side.

a. Stagger the piston ring gaps evenly
around the piston and apply clean en
gine oil to the pistons and rings. With a
piston inserter, similar to the one shown
in Fig. 52, install the piston and connect
ing rod in the cylinder sleeve by tapping
on the upper end of the piston with the
wooden handle of a hammer. Becertain
that the cylinder identification number
stamped on the lower end of the con
necting rod faces the camshaft side of
the cylinder block and that the numbers
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1. COMBUSTION CHAMBER

1.- Fig. 51 - Piston ~

INSERTER

CYLINDER
BLOCK

correspond with the cylinder number.
Number one cylinder is the first cylinder
at the rear, or fan end, of the engine.
Align the lower end of the connecting
rod with the crankshaft before inserting
the piston into the cylinder.

b. Lubricate and install a bearing shell in
the connecting rod, with the tang of the
bearing shell in the corresponding slot



in the connecting rod, and position the
rod on the crankshaft journal.

c. Lubricate and install a bearing shell in
the connecting rod bearing cap, with
the tang of the bearing shell in the cor
responding slot in the bearing cap. In
stall the bearing cap and shell,. being
certain that the identification ~umber
stamped in the bearing cap i} located
on the same side as the corresponding
number stamped in the connecting rod.

d. Install the connecting rod nuts and,
using a torque indicating wrench,
tighten the nuts to a torque of 120 to
130 Ibs. ft. Secure the nuts with cotter
pins. NOTE: Never file or shim the bear
ing caps to make the bearing fit; install
new bearing shells if the fit is unsatis
factory. The crankshaft must turn freely
after all the connecting rod nuts have
been tightened to the specified torque.

e. Check to see that there is sufficient side
clearance between the connecting rods
and the crankshaft journals. The speci
fied clearance is .004" to .009".

9. Using gasket cement, cement a new timing
gear housing gasket to the rear end of the
cylinder block and coat the outer surface of
the gasket with gasket cement. Install the
timing gear housing assembly on the cyl
inder block and attach it with three }1"
NC x 1K6" capscrews and lockwashers.

10. Install the camshaft gear on the camshaft
(refer to "CAMSHAFT GEAR REMOVAL
AND INSTALLATION" in this Section). In
stall the camshaft and gear assembly into
the cylinder block using care not to damage
the camshaft bearings. Install the camshaft
thrust collar (with the oil grooves facing the
rear) and install the capscrew locking plate
and the three K6" NC x %" capscrews.
Tighten the capscrews securely and lock
with the locking plate.

CAUTION: Be sure that the timing marks
on the camshaft gear and the crankshaft

8-45

gear are aligned when the camshaft IS

installed.

11. Install a new crankshaft front oil seal in
the flywheel housing (refer to "REPLACE
MENT OF CRANKSHAFTOIL SEALS" in this
Section). Install a new flywheel housing to
crankcase sealing ring and attach the fly
wheel housing to the cylinder block.

12. Turn two }1" NF x 6" guide studs into the
crankshaft flange to serve as guides for
installing the flywheel and to prevent dam
age to the oil seal, as shown in Fig. 34.
Install the flywheel on the crankshaft
flange. Remove the guide studs and attach
the flywheel to the crankshaft flange.
NOTE: One of the capscrew holes is offset
so that the flywheel can be attached to the
crankshaft flange in only one position.

13. Install the valve lifters and valve lifter
brackets. Use new gaskets and install the
front and rear valve lifter covers (refer to
"VALVE LIFTER PUSH ROD REMOVAL,
INSPECTION, AND INSTALLATION" in this
Section).

14. Install the lubricating oil pressure pump
(refer to "ENGINE LUBRICATINGSYSTEM,"
Section V).

15. Using gasket cement, cement a new oil pan
gasket to the cylinder block and coat the
outer surface of the gasket with gasket
cement. Attach the oil pan to the cylinder
block and the flywheel housing. (Refer to
"ASSEMBLYOF OIL PAN TO ENGINE" in
Section V).

16.. Install a new crankshaft rear oil seal in
the timing gear housing cover (refer to
"REPLACEMENT OF CRANKSHAFT OIL
SEALS" in this Section). Cement a new
timing gear housing cover gasket to the
timing gear housing.

Using an oil seal protector as shown in
Fig. 33, install the timing gear housing
cover and secure the cover to the housing
with the proper size capscrews and nut
shown in Fig. 53.



•
Fig. 53 - Timing Gear Housing Cover _---'

Install the capscrews attaching the oil pan
to the timing gear housing cover.

17. Install the fan drive assembly. Install and
time the fuel injection pump as outlined in
"ENGINE FUEL SYSTEM AND GOVER
NOR," Section II). Install the fuel injection
pump lubricating oil lines. Install the cover
plates to the timing gear housing and cover,
if removed, and not previously installed.

18. Inspect the rubber pads in the engine rear
mounting brackets. If the material
has deteriorated or become too hard, the
pads must be replaced.

19. Install the crankshaft hub key in the crank
shaft. Install the hub, pulley, washer, and
the capscrew; tighten the capscrew to a
torque of 290 to 310 Ibs. ft.

20. Install the water pump (refer to "INSTALLA
TION OF WATER PUMP," Section IV). If the
volute has been removed from the timing
gear housing, install the volute using a new
gasket and proper capscrews and plain
washers.

21. Install the oil pressure regulating valve
(refer to "ASSEMBLY OF OIL PRESSURE
REGULATING VALVE," Section V).

22. Install the cylinder head (refer to "CYLIN
DERHEAD INSTALLATION" in this Section).

23. Install the valve push rods and the rocker
arm assemblies (refer to "ROCKER ARM
REMOVAL, INSPECTION AND INSTALLA-
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TlON" in this Section). Install the cylinder
head cover and gasket.

24. Install the fuel injection nozzles (refer to
"INSTALLATION OF FUEL INJECTION
NOZZLES IN ENGINE," Section II). Mount
the fuel injection lines and brackets as an
assembly. Connect the injection lines to the
fuel pump and the nozzles. Secure the
injection line brackets to the block and
head. Connect the fuel return manifold to
the injection nozzles.

25. Install the first and second stage fuel filter
with head as an assembly. Connect all
fuel lines between the filter head, the
injection pump and injection nozzle return
manifold.

26. Install the generator mounting bracket and
generator. Mount the generator belt ad
justment link.

27. Install the water by-pass flange and tube
using a new gasket and O-rings. Install
the water outlet manifold and thermostat
housing as an assembly using new gasket
and O-rings.

28. Install the fan mounting bracket, fan hub
assembly and belt tightening assembly.
Position the air compressor water pump
and fan belt. (Refer to "FAN BELTTIGHT
ENER AND FAN HUB INSTALLATION,"
Section IV).

29. Using new gaskets, install the engine air
intake manifold. Install the exhaust mani
fold, using new gaskets. Install the breather
caps and the crankcase oil level gauge rod.

30. Install the starter on the flywheel housing.

31. If the engine is mounted on an engine
stand, it must now be removed in order to
install the various accessories on the left
side of the engine.

32. Install the lubricating oil filter and oil cooler
units as an assembly, using new gaskets.
IMPORTANT: New elements must be in
stalled in the lubricating oil filter.



33. Coat the threads of the cylinder block drain
cocks with sealing compound. Install the
drain cocks in the cylinder block and tighten
them securely.

34. Adjust generator drive belt, the fan drive
belts and the air compressor drive belt.

35. Adjust the oil pressure regulating valve
(refer to "ENGINE LUBRICATING SYS
TEM," Section V).

B. Engine Run-In Schedule

After the installation of new cylinder sleeves or
piston rings, the engine must be run-in to allow the
rings to seat and avoid the possibility of cylinder
sleeve scoring and excessive oil consumption. When
an engine is first started after installation of cyl
inder sleeves or piston rings, excessive smoking
and raw fuel and lubricating oil may appear in
the exhaust. This condition will correct itself as
the engine is run-in.

Before starting the engine after an overhaul, in
spect the levels of the engine oil, fuel oil, and the
coolant level in the cooling system. Inspect the air
cleaner to determine if it has been properly
serviced.

The most important factor in running in a new

engine, or one which has just been rebuilt, is the
OPERATING TEMPERATURE.The thermostats must
function properly to maintain a minimum operating
temperature of 1700 F. V I

As a guide, the following run-in schedule is
suggested:

1. In the field, the run-in schedule will, of
necessity, be governed largely by the de
gree to which the engine's load and speed
can be controlled. Avoid sustained opera
tion at maximum rated load for the first
24 hours. Likewise, prolonged idle or sus
tained light load should be avoided for the
first 50 hours.

2. Run at about 1000 R.P.M., no load, only
long enough to ascertain that oil and water
are circulating properly. Check engine for
water and oil leaks.

3. Run under varying conditions at light to
medium loads for two to four hours.

4. Put engine into normal service, but at re-
duced loads, for the next 24 hours. Avoid LI
lugging or sustained full load operation.

5. Resume normal operation, within limitation
of Paragraph 1.
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13. SERVICE TOOLS

Description

n

Rocker Arm BushingTool Set .
Injection Nozzle Sleeve Remover Set .
Injection Nozzle Sleeve Installer

(Used with Drive J-7079-2) .
Injection Nozzle Sleeve Cleaner .
Adopter Set for Eccentric Valve Seat Grinder

(Used with EccentricValve Set Grinder J-7040) .
Nozzle Hole Cleaner-Wire

(Used with Pin Vise J-4298-1) .
Exhaust Valve Seat Insert Installer

(Used with Driver J-7079-2) .
Instake Valve Seat Insert Installer

(Used with Driver J-7079-2) .
Exhaust Valve Seat Insert Remover

(Used with Driver J-4140-14) .
Intake Valve Seat Insert Remover

(Used with Driver J-4140-14) .
Exhaust and Intake Valve Guide Remover .
Exhaust Valve Guide Installer Adapter
(Used with J-9317-1 and J-9317-4 listed below) .

Intake Valve Guide Installer Adapter
(Used with J-9317-1 and J-9317-4Iisted below) .

Exhaust and Intake Valve Guide Installer Plate .
Exhaust and Intake Valve Guide Installer Spindle (:W' Dia.) ..
Valve Guide Cleaning BrushSet .
Front Seal Protector .
Cylinder Sleeve Remover .
Nozzle Tester Set .
Adapter Set (American Boschused with above Tester Set) ..
Nozzle Spray Collector .

*Nozzle Cleaning Kit .
Nozzle Lapping Kit .
Nozzle RemoverAdapter

(Used with Slide Hammer J-6471-1) ., .
Slide Hammer .
Fuel Injection Line Nut Wrench

(Nozzle Holder Assy. End) .
Fuel Injection Line Nut Wrench

(Injection Pump End) .
Cylinder Diameter Checking Gaug.e .
Cylinder Hone .
Cylinder Ridge Reamer .
Compression Gauge Set .
Compression Gauge Set Carrying Case .
Piston Vise ; .
Piston Pin Retainer Pliers
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Kent-Moore
ToolCo.

J-6332
J-7857

J-7865
J-7871-01

J-9296

J-8976

J-8834

J-8835

J-8870-1

J-8870-2
J-269

J-9317-20

J-9317-17
J-9317-1
J-9317-4
J-5585
J-6897
J-6833
J-8625
J-8839
J-6445-50
4040025
J-3179

J-6865
J-6471-1

J-6765

J-9162
J-8060
J-5902
J-9325
J-6762-02
J-7125
J-1218
J-4245

Supplement No.1
TL30D S.M. Sec. VIII
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Litho in U.S.A.

Description

Piston Pin Remover and Installer .
Piston Inserter (Piston Ring Compressor) .
Piston Ring Remover and Installer .
Piston to Sleeve Feeler Gauges .
Piston Ring Gap Feeler Gauges .
Gear Puller with 9W' Legs .
Legs 4W' for above Gear Puller .
Puller Adapter (Pair If.!-20) .
Puller Adapter (Pair ~6-18) .
Puller Adapter (Pair %-16) .
Puller Adapter (Pair K6-20) .
Puller Adapter (Pair %-13) .
Puller Adapter (Pair %-11) .
Drive Rod (Used with Valve Seat Insert Remover Tools) .
Driver (Used with Nozzle Sleeve Installer and Valve Seat

Insert Installers) .
Camshaft Bushing Remover and Installer Set .
Oil Seal Remover and Replacer Set .
Torque Wrench 0-150 ft. Ibs .
Torque Wrench 0-300 ft. Ibs. . .
Pin Vise - for Holding Nozzle Hole Cleaning Wire .
Gear Puller Set (Small) .

*Order this tool from your Allis-Chalmers dealer.
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Kent-Moore
Tool Co.

J-7092
J-7061 V I
J-8128
J-5438
J-3172
J-8190
J-8180
J-8181
J-8182
J-8183
J-9302
J-8184
J-8185
J-4140-14

J-7079-2
J-6786
J-3154-04
J-1313
J-9187
J-4298-1
J-8111

V
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SECTION IX - DRIVE SHAFTS AND UNIVERSAL JOINTS

Description
Lubrication

Topic Page

1
2
3
4

1
1
1
2

Removal, Disassembly and Inspection .
Installation .

1. DESCRIPTION

n
/I--~'
! 5. FRONT AXLE

\~

"~,

\h,IH'r--2_._R_E~RAXLE \ .

~)

1. ENGINE

6. MAIN FRAME

'------- Fig. 1 - Location of Universal Joint ~
Drive Shafts

Power from the engine is transmitted directly to
the torque converter and transmission. From the
transmission, power is transmitted to the axles by
means of a front and rear drive shaft universal
joint.

The main components of each of the two drive

shaft universal joint assemblies are the front and
rear yokes, the connecting yokes, and the spider
assemblies.

The axles and the transmission can be removed
without disturbing any other component by discon
necting the yokes.

2. LUBRICATION
Lubricate after each 100 hours of operation.The drive shaft universal joint assemblies each have

three lube fittings; one in each spider assembly
and one in each slip yoke.

3. REMOVAL, DISASSEMBLY AND INSPECTION

1. Suitably block the loader, or apply the
parking brake, to prevent it from rolling.

2. Remove the capscrews, the lockplates, and

carefully remove the bearing assemblies
from the universal joints at the transmission
ends of the drive shafts.
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3. Disconnect the universal joints at the trans- 6. Remove the yoke (with the parking brake
mission end of the drive shafts. Remove the drum) by removing the capscrews, the lock-
spider. plate, and the yoke retainer.

4. Disassemble the universal joints at the axle 7. Remove the yoke from the transmission Uend of the drive shaft in the same manner (front axle drive side) in the same manner
as above. as in Step 6.

5. Remove the yoke from the differentials by 8. Thoroughly wash all of the parts in a clean
removing the cotter pins and the castel- solvent or fuel. Inspect the parts for damage
lated nuts. and wear. Replace any worn or damaged

parts.

4. INSTALLATION

Assemble and install the universal joint drive shafts in the reverse order of the instructions in Topic 3.
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1. GENERAL DESCRIPTION

A. Description

The Allison Torqmatic Transmission, Model No.
CRT-3531 (Figs. 1 and 2) is a device for transmit
ting power from the engine to the drive wheels.
This heavy duty transmission has transfer gears
which provide output drives 20 inches lower than
the input gears. The transfer gear housing, which
acts as an oil sump, has a front and a rear output
for driving the front and the rear wheels.

The Torqmatic transmission combines all of the
desirable characteristics of a hydraulic torque
multiplier and a fluid coupling to transmit engine
power. It automatically adjusts the output torque
to the load demand. The advantages of hydraulic
torque multiplication are further advanced by the
constant mesh planetary gearing. This combination
provides an almost unlimited range of speed ratios
with three speeds forward and three reverse _
and eliminates the conventional clutch.

The Torqmatic converter uses the rotating principle.
It is a 3-element, single stage, poly-phase type
of converter. (Refer to Topic 2.) The converter
protects the engine from damaging shock loads
and harmful engine lugging and stalling. This
increases the engine and the equipment life and
provides longer service availability. Because torque
is multiplied hydraulically and automatically, the
engine power is adjusted to the load. This elim
inates "gearshift guess" and driver fatigue. The
transmission can be "quick shifted" under full load

at wide open throttle without interrupting the
power flow from the engine to the load.

The transmission planetary gearing is a compound
planetary gear train in constant mesh. The gears
and the multidisc clutches are compactly arranged .".
in a small area. Five multidisc, oil cooled, friction Mil
clutches control the gear train. These clutches are
applied hydraulically and are spring released. Be-
cause the clutches are hydraulically controlled,
there is automatic compensation for normal wear.
No adjustment is necessary. The friction plates have
sintered bronze facings and the reaction plates
are steel. The torque converter has a ratio of 2.61: 1
while the implement pump drive has a ratio of
1.00: 1.

The transmission is equipped with a remote mount
ed, full flow oil filter, and a parking brake on the
front output shaft (for braking the front wheels).
It has a rear output disconnect, which disconnects
the rear wheels, for open road travelling. An oil
cooler is remote mounted in front of the engine
cooling radiator, for maximum cooling efficiency of
the transmission.

The flow of oil in the transmission hydraulic system
is supplied by the input pump. Oil is pumped from
the reservoir in the transfer gear housing to the
remote mounted oil filter. The oil filter is connected
to the converter housing by a tube inserted in an
oil passage. The tube is installed through a tapped
hole. The oil then goes to both the main-pressure
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regulator valve and the forward and reverse-range
selector valve. From the forward and reverse-range
selector valve, the oil is directed to either the for
ward or the reverse-range clutch apply piston to
engage the desired clutch. The main pressure regu
lator valve moves against spring pressure and
sends the oil to both the clutch cutoff valve and the
torque converter. From the clutch cutoff valve, the
oil is directed to the range selector valve which
then directs the oil to the desired range clutch.
From the torque converter, the oil passes through
the cooler and flows to the lube regulator valve.
The lube regulator valve operates against spring
pressure and sends the cooled oil to the lubrication
system, and d.verts any excess oil back to the sump.

A clutch cut-off valve is provided, which auto
matically disconnects the range clutches when the
brakes are applied, thus providing full engine
power for the loader's hydraulic system. When the
hydraulic pressure, from the power brake unit, is
applied to one end of the dutch cut-off valve, the
valve operates against the spring pressure. This
cuts off the main oil pressure supply to the range
selector valve, permitting spring pressure to dis
engage the range clutch, stopping the power flow
to the output shaft. Therefore, as long as the
brakes are applied, all of the engine power is
available for operation of the loader hydraulic sys
tem. When the brakes are released, the cut-off
valve again directs the main oil pressure supply
to the range selector valve. When precise control
of the engine is required on grades, a control lever
is provided in the operator's compartment to dis
engage the automatic clutch cut-off valve. Control
is accomplished through a manually operated
check valve that is located in the line between the
hydraulic brake circuit and the clutch cut-off valve.
NOTE: When changing the position of the control
lever, the brake pedal should be fully released.

The forward and reverse selector valve has a built
in "inching control" feature that is unique in design.
It operates as follows: When the valve is moved to
select either forward or reverse direction, main oil
is admitted into the valve cavity which allows oil
to flow to the clutch piston cavity and to the clutch
plate area of the clutch being applied.

The oil going to the clutch plates also exerts pres-

sure on a piston that is attached in the center of
the selector valve. The clutch piston movement is
started by the clutch apply line oil and the oil
going to the clutch plate area lubricates the plates
as they are being applied. At the beginning of the
clutch application, the valve piston allows a free
flow of lube oil to the clutch plates plus a low
apply pressure to the clutch piston. As the selector
valve is moved further to the full-apply position,
the valve piston moves over the lube line hole
completely shutting off the lube oil flow to the
clutch plate area, directing full main oil pressure
to the clutch piston, to fully apply the clutch.

A normal spring detent action resists the movement
of the piston in the selector valve so that the valve
can be moved easily to the full-apply position.
Thus, the transmission can reverse directions with a
minimum of delay, or the clutches can be applied
gradually to "inch" the machine carefully in either
direction.

This inching control feature allows the operator
to slip the clutches with the engine at full throttle if
he wishes to lift maximum loads and also "feel"
the load pick-up.

B. Driving Tips

The transmission is of the full power shifting type.
It is possible to upshift or downshift the transmission
with the throttle wide open regardless of the load.
However, a downshift should not be made if the
machine's speed exceeds the maximum speed nor
mally attained in the next lower range. Downshift
ing at excessive speeds causes the engine to act as
a brake. This overspeeds the engine. In addition
to possible engine damage, it may cause the ma
chine to dump its load and may cause serious
injury to the operator if the braking action is
severe enough.

If the converter oil "out" temperature rises above
250° F., stop the machine immediately. Shift the
transmi~sion to neutral, and r-~nthe-engine at 1000
to 1300 rpm. The temperature should drop rapidly
to the engine water temperature (170°-190° F.).
If the temperature does not drop, the cause should
be determined and corrected.
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c. Specifications and Data

Input Rotation
(viewed from input end) Clockwise

Output Rotation
(viewed from input end) Clockwise

Torque Multiplication ratio at Converter stall
only 2.61:1

Converter "Out" Oil Pressure 25-65 P.S.I.
Maximum Converter 1I0utli Oil

Temperature. . . . . . . . . . . . . . . . . . .. 2500 F.
Range Gearing - Constant mesh planetary. All

ranges operate in both forward and reverse.
Transfer Gearing Constant mesh, in line
Gear Type Spur
Oil Sump Integral
Input-Oil Pump - Positive displacement, gear-

type (driven at engine speed).
Oil Capacity initial fill 8.5 gal. (US)

............... refill (approx. 7.25 gal. (US)
Oil Filter - Full-flow, remote mounted. Strainer

in sump.

Oil Radiator . . . . . . . . . . . . . . . . . . . . . . . Remote
Oil Type ... Hydraulic transmission fluid Type C-l ... .;i

Controls - Forward and reverse (manual), range '-'
selection (manual) and clutch cut-off (service
brake actuated).

Selector Valve Body -Incorporates three features
to provide for, (a) range selection; (b) direction
selection; (c) clutch cut-off to disengage trans
mission, making full engine power available for
the loader hydraulic system operation.

Clutch Type - Multidisk, oil cooled, hydraulic
actuated, spring-released, automatic wear com
pensation and no adjustment. Clutches are oil
cooled.

Clutch Friction Plate Sintered Bronze
Clutch Reaction Plate Steel
Clutch Pressure 140-150 P.S.I.
Accessory Drives - Loader hydraulic system oil

pump 1.00: 1

2. TORQUE PRINCIPLES AND OPERATION

A. General

The transmission is a hydraulic torque multiplier
with a fluid coupling and planetary range gearing.

Torque multiplication is an increase in twisting or
rotating effort, or the multiplication of force. For
every lb. ft. of torque effort developed by the
engine, the torque converter multiplies it 2.61
times. This is accomplished by using a hydraulic
coupling (pump and turbine) and a fulcrum (a
stator, or reaction member).

The hydraulic coupling (Fig. 3) is the simplest means
of transmitting torque hydraulically. It can be called
a fluid coupling, a fluid flywheel, or a fluid clutch.
The ratio of input to output is always one-to-one.
The hydraulic coupling consists of two ele
ments: a pump and a turbine. Each element has a
number of straight, flat, radial blades leading
from the hub to the outside edge.

A cover, integral with the pump and filled with
oil, completely encloses the turbine. When the en
gine is started the pump starts turning. As it turns
faster the oil is thrown against the outside circum
ference of the pump. But because of the pump

blade design, the blades guide the flow of oil to
the turbine. When the oil hits the turbine blades
with enough force, the turbine turns. This movement
slows the oil which then travels inward toward
the turbine hub, then returns again to the pump,
completing the cycle (Fig. 3). Note that the oil
flows "outward" in the pump, and "inward" in
the turbine. Note also that there is no stationary
or reaction member to use as a fulcrum to increase
leverage. Thus the fluid coupling cannot multiply
torque.

To make the hydraulic coupling perform as a
torque multiplier, it is necessary to add only a
reaction member or fulcrum. The stator becomes
the reaction member by placing a stator (fulcrum)
between the load (output) and power source (input).
This fulcrum is "grounded" to the housing of the
converter which is attached to the frame.

The oil circulates in the same manner as in the
hydraulic coupling, except that in the converter,
the blading is curved in all of the elements. The
pump pushes the oil outward and in the direction
that the pump is turning. The oil strikes the turbine,
causing the turbine to turn. After striking the
blades, the oil is directed inward, toward the inner
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'-- __ Fig. 3 - Fluid Coupling (Schematic) __ ---,

circumference of the turbine. As the oil leaves
the turbine, it is moving in a direction opposite the
pump rotation. The stator being held stationary,
causes the oil to change direction and add its
motion to the pump.

n Oil in motion has kinetic energy (imparted to the
oil by the pump). The flow of the oil around the
outer circumference in the converter is called
the rotary flow. The flow of oil across the converter
is called the vortex flow.

Only part of the kinetic energy is removed from
the oil as it strikes the turbine. The oil leaving the
turbine has some kinetic energy left. The stator
deflects the oil in motion with its remaining kinetic
energy so that it enters the pump in the same direc
tion that the pump is moving. This aids the pump
rather than hinders it.

The multiplication of input torque results from the
velocity (kinetic energy) imparted to the oil by the
pump, plus the velocity (kinetic energy) entering
the pump from the stator. The more the turbine
resists turning (because of a heavier load) the
greater the velocity of the vortex flow will be of
the oil circulating in the converter, and the greater
the torque multiplication will be. The less the
turbine resists turning (because of a lighter load)
the less the velocity of the vortex oil flow will be
in the converter, and the less the torque multipli
cation will be.

2. DRIVING
MEMBER
(PUMP)

4. REACTION
MEMBER

STATIONARY,
GROUNDED TO

HOUSING

L.....__ Fig. 4 - Torque Converter (Schematic) __ ....

The transmission employs what is called the float
ing fulcrum principle of multiplying the torque.
Floating suggests a cushioning of shock, and an
infinite number of torque ratios. The common step
gear transmission provides a set number of fulcrum
points that is determined by the number of gear
speeds. This transmission furnishes an infinite num
ber of fulcrum points, and does so automatically,
without guesswork on the part of the operator.

Because of the full floating principle, the converter
acts as a hydraulic torque converter and a hy
draulic coupling. This is possible because the stators
can "float," so that, when no torque multiplication
is necessary, the converter becomes a hydraulic
coupling. This permits a more economical overall
range of operation.

The transmission, with its planetary gearing, pro
vides six fixed gear ratios, three in forward and
three in reverse. The converter provides (within
design limits) an infinite number of variable torque
ratios hydraulically. It is this combination which
gives the transmission its flexibility, its full power
shifting, and, at the s<;lmetime it frees the engine
from harmful lugging and prevents shock loads.

B. Torque Converter

1. Description

The converter consists of three elements: the pump;
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the turbine; and the stator. It is called a rotating
housing type because the elements are enclosed
in a housing consisting of the converter pump
cover assembly (or the transmission cover) and
the converter pump. The converter pump cover
assembly is driven directly from the engine.
The stator is designed so that it can free wheel,
or automatically lock-up to provide the necessary
reaction for torque multiplication.

Mounted on the converter housing is an oil pump
driven through the transmission gearing. This oil
pump pressurizes the converter and transmission.
It also supplies a cooling flow of oil.

Oil from the oil pump flows through internal pas
sageways in the transmission, the converter housing,
and through converter ground. It then enters the
converter elements between the stator and the
converter pump (Fig. 5). The oil that leaves the con
verter elements between the stator and the turbine,
flows inside a hollow ground sleeve along
the turbine shaft, and out the converter housing
to the oil cooler. From the external oil cooler, the
oil flows into the lubricating circuit, and then back
to the transmission sump.

2. Operation

The instant that the torque converter pump starts
rotating, the oil spins in the same direction with
the pump. This movement of oil is called a rotary
flow. The converter turbine, connected to the load,
resists turning as the oil strikes its blades. Because
of the resistance, and because of the shape of the

blade within the converter elements, the oil takes
a second path of travel - crosswise. This second
path is called the vortex flow.

The greater the load resistance transmitted by the
turbine, the greater will be the vortex flow with
the engine operating at its governed speed. The
greater the vortex flow, the greater the torque
multiplication. All of the action is automatic. The
"floating fulcrum" automatically chooses the exact
torque ratio required.

In tracing the action of the torque converter, re
member that it is a three-element, single stage,
poly-phase converter. The first converter phase
means that the stator is being held stationary,
and that the greatest torque multiplication be
tween the input torque and the output torque is
being accomplished. In this phase the stator is
being held stationary because the oil leaving the
turbine strikes the stator so that it tries to turn
in a direction opposite both the pump and the
turbine rotation. But the stator is mounted on
cams on the ground sleeve.

These cams, with rollers, permit the stator to
rotate in one direction only, like a coaster brake
on a bicycle, which permits the pedals to rotate
forward only. The stator, when stationary, redirects
the vortex flow of oil so that it enters the pump
in the same direction that it is turning. This flow
aids the pump and multiplies the torque.

The second converter phase means that the stator
is freewheeling. The stator starts to freewheel as

L- Fig. 5 - Three Element Torque Converter ....1
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soon as the load demand for output torque be
comes less. This means that the turbine is turning
faster in relation to the pump. As the turbine speed
increases, the oil leaving the turbine strikes the
blades of the stator in such a manner that it no
longer locks-up on the cam, but starts to freewheel
in the direction of the turbine. Torque multiplica
tion is decreasing while turbine speed is increasing
and the vortex flow is becoming less.

The torque converter is in fluid coupling when
the stator starts to freewheel. This means that the
turbine speed is approaching the pump speed,
and that the input torque and the output torque
are approaching a one-to-one ratio. The vortex
flow has practically stopped. This stopping of the
vortex flow permits the stator to freewheel. But
as soon as the turbine slows down and the demand
(load variation) for the output torque increases,
the "floating fulcrum" adjusts the torque input to
the torque output demand. The stator then be
comes stationary to aid the torque multiplication.

c. Planetary Gearing Principle

1. Description

A simple planetary gear system consists of four
members: a planetary sun gear; two planetary
pinions; a planetary pinion carrier, and a plane-

tary ring gear (Fig. 6). The sun gear meshes with
the planetary pinions which are attached to the
carrier. The planetary pinions are in mesh with the
ring gear. This is a different arrangement than
the conventional sliding gear transmission, in which
the gears are slid into mesh.

In order to obtain the necessary reduction or vari
ation in torque multiplication, one member of the
planetary unit must be held stationary while the
two other members become either the driving or
the driven memoers.

2. Operation

This transmission uses three of these combinations
providing six output combinations. In Fig. 6, View
A, the input torque is transmitted to the sun gear
clockwise; consequently, the planetary pinions must
also rotate. Since the ring gear is being held, the
planetary pinions rotate on their own shafts, and
"walk" around the ring gear taking the planetary
carrier with them. This makes the planetary car
rier the driven member, or the output member. The
planetary carrier will be turning more slowly than
the sun gear, and in the same direction.

In Fig. 6, View B, the input torque is transmitted to
the sun gear clockwise; consequently, the planetary
must rotate counterclockwise. Since the planetary

A.

1 REDUCTION GEAR
LESSSPEED.

MORE TORQUE
~DRIVING

B. C.

2 REVERSING REDUCTION 3 OVERDRIVE
GEAR

LESSSPEED,MORETORQUE, MORE SPEED, LESSTORQUE
TURNS BACKWARD-

~ DRIVEN ~ STATIONARY

Fig. 6 - Planetary Gearing Principles

10-7



carrier is being held, the planetary pinions rotate
on their own shafts and force the ring gear to
rotate slowly in the same direction as the planetary
pinions, or counterclockwise. This imparts a reverse
motion and a reduction in speed to the output.

In Fig. 6, View C, the input torque is transmitted
to the planetary carrier clockwise; consequently,
the planetary pinions must rotate counterclockwise.
Since the ring gear is being held, the planetary
pinions rotate on their own shafts and drive the
sun gear clockwise with more speed. This makes the
sun gear the driven member.

The transmission employs a compound planetary
gearing system. The gearing operates as a simple
planetary system in the intermediate range, either
forward or reverse, and as a compound planetary
system in the high and the low ranges. When two
planetary systems are used simultaneously to ob
tain a desired output ratio, the gearing is referred
to as compound. Compound planetary gearing is
used to obtain the desired gear ratios from the
least number of parts in the smallest space possible.

3. Clutches

For either forward or reverse directions, both a
direction clutch (forward or reverse) and a range
clutch (low, intermediate, or high) must be en
gaged. If the intermediate range clutch is applied,
the forward planetary carrier is locked to the trans
mission shaft. In this range, since only the direction
planetary is working, the gearing operates as a
simple planetary system. If either the low or high
range clutch is applied, both the direction plane
tary and the range planetary are working. Hence
in the low or the high range, the gearing operates
as a compound planetary system.

The hydraulically actuated clutches include two
types of clutch plates. The friction plates are
splined to the ring gears (high and low ranges)
and to the intermediate range clutch hub. The other
plates are called the reaction plates and are either
secured to the transmission housing (high and low
range), or to the intermediate range clutch drum
(intermediate range). Note that both the high and
the low range ring gears can be held.

When putting the machine in motion, both a range
clutch (low, intermediate, or high) and a direction
clutch (forward or reverse) must be applied. When
the reverse clutch is applied, the drive is from the , .
converter shaft through the sun gear. '-'

Since the reverse clutch is applied, the reverse
planetary is being held. The reverse sun gear drives
the planetary pinions and, since the reverse plane
tary carrier is held, the pinions turn the reverse
ring gear. The reverse ring gear drives the forward
planetary carrier, which in turn drives the range
gearing.

Note that when the sun gear is driving, the plane-
tary carrier is held, the ring gear is driven, and the
motion of the ring gear is opposite to that of the
converter shaft. Thiscauses the output shaft to turn
backward. When the forward clutch is applied, the
input torque is transmitted to the sun gear; conse-
quently, the planetary pinions must also rotate.
Since the forward ring gear is being held, the
planetary pinions rotate on their own shafts, and
"walk" around the ring gear taking the planetary
carrier with them. Thismakes the planetary carrier
the driven member, or the output member. The
planetary carrier will be turning more slowly than V
the sun gear, and in the same direction. This gives
forward motion.

D. Hydraulic Direction and Range Control

1. Description

The heart of the hydraulic direction and range
control system is the selector valve body assembly.
This assembly contains the valves that control shift
from one direction to the other, and also from
one range of operation to another. Both the for
ward and the reverse valve, and the range selector
valve, are manually actuated. The clutch cutoff
valve is actuated by the hydraulic power brake
pressure. When the brakes are applied, the hy
draulic brake pressure is applied to the end of
the clutch cut-off valve moving it against spring
pressure. The valve cuts off the oil pressure to the
range selector valve and exhausts the applied
clutch line.

10-8



•

17

l-- Fig. 7 - Hydraulic System (Schematic) ---..I

1. Torque Converter
2. Oil Cooler
3. Lube Regulator Valve (20-25 P.S.I.)
4. Reverse Clutch
5. Forward Clutch
6. Intermediate-Range Clutch
7. High-Range Clutch
8. Low-Range Clutch
9. Range Selector Valve Showing High, Intermediate,

Low and Neutral Positions
10. Clutch Cut-Off Valve

2. Neutral Range

Referring to Figs. 7 and 8, notice that no power
flows through the transmission because none of the
direction or range clutches are applied. Their lines
are open to the sump through the forward and the
reverse valve, and the range selector valve.

11. Hydraulic Brake Pressure
12. Forward and Reverse Selector Valve
13. Forward Clutch Lube Line
14. Reverse Clutch Lube Line
15. Oil Transfer Tube Inserted in Converter Housing
16. External Filter and 15 P.S.I. By-Pass Valve
17. Suction Strainer
18. Input Driven Pressure Pump (2200 R.P.M.

Engine Speed, 21.5 G.P.M.)
19. Main Pressure Regulating Valve (140-150 P.S.I.)

3. Low Forward Range (Figs. 7 and 9)

Referring to Figs. 7 and 9, notice that when the
shift control lever is moved into low range position,
the range selector valve directs the main oil pres
sure to the low range clutch to actuate the clutch.
When the direction lever is moved into the forward
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L..-- Fig. 8 - Torque Path - Neutral Range ---I

25

1. Reverse-RangePlanetary Carrier
2. Forward-Reverse Range Sun Gear
3. Reverse-Range Clutch
4. Forward-Range Clutch
5. Intermediate-Range Clutch
6. High-Range Clutch
7. Low-Range Clutch
8. Low-Range Sun Gear
9. Low-Range Planetary Carrier

10. Transfer Drive Gear
11. Transfer Idler Gear
12. Rear Output
13. Transfer Driven Gear
14. Front Output
15. low-Range Ring Gear
16. High-Range Sun Gear
17. High-Range Ring Gear
18. High-Range Planetary Carrier

19. Intermediate-Range Clutch Hub
20. Forward-Range Planetary Carrier
21. Forward-Range Ring Gear
22. Reverse-Range Ring Gear
23. Input
24. Torqmatic Converter
25. Selector Valve Body Assembly

position, the forward and reverse valve directs
main oil pressure to the forward clutch to actuate it.

5. High Forward Range (Figs. 7 and 11)

4. Intermediate Forward Range
(Figs.7 and 10)

The range selector valve allows the pressure in the
intermediate range clutch line to exhaust to the
sump, and directs the pressure to the high range
clutch line.

The range selector valve allows the pressure in
the low range clutch line to exhaust to the sump,
and directs the pressure to the intermediate range
dutch line. The clutches function simultaneously
for smooth shifting without an interruption in the
transmission of the torque to the wheels.

6. Low, Intermediate, and High Reverse
Ranges (Figs. 7 and 12 through 14)

The action of these clutches is similar to the forward
low, the intermediate, and the high range clutches.
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[]J LOW-RANGE CLUTCH PRESSURE

[!] FORWARD CLUTCH PRESSURE
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23,

L- Fig. 9 - Torque Path - Forward Low Range _J

1. Reverse-Range Planetary Carrier 10. Transfer Drive Gear 19. Intermediate-Range Clutch Hub
2. Forward-Reverse Range Sun Gear 11. Transfer Idler Gear 20. Forward-Range Planetary Carrier
3. Reverse-Range Clutch 12. Rear Output 21. Forward-Range Ring Gear
4. Forward-Range Clutch 13. Transfer Driven Gear 22. Reverse-Range Ring Gear
5. Intermediate-Range Clutch 14. Front Output 23. Input
6. High-Range Clutch 15. Low-Range Ring Gear 24. Torqmatic Converter
7. Low-Range Clutch 16. High-Range Sun Gear 25. Selector Valve Body Assembly
S. Low-Range Sun Gear 17. High-Range Ring Gear
9. Low-Range Planetary Carrier ia High-Range Planetary Carrier

E. Torque Paths Through Transmission

1. General

The flow of power or torque through the trans
mission is smooth and continuous, and may take
anyone of seven different paths, called torque
paths, which are illustrated in Figs. 8 through 14.

2. Neutral (Fig. 8)

There is no torque transmitted in neutral range
from the input to the output. The forward and

reverse-range sun gear is the driven member but,
since none of the clutches are applied, there is no
stationary member. With no stationary member
there cannot be a driven member, consequently,
there is no output torque.

3. Low-Forward Range Torque Path
(Fig. 9)

a. The intermediate-range clutch drum, which
is splined to the forward-range planetary
carrier, transmits the torque from the car
rier to the high-range carrier. The low-
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m FORWARD CLUTCH PRESSURE
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'--- Fig. JO - Torque Path - Forward ....J

Intermediate Range

1. Reverse-Range Planetary Carrier
2. Forward-Reverse Range Sun Gear
3. Reverse-RangeClutch
4. Forward-Range Clutch
5. Intermediate-Range Clutch
6. High-Range Clutch
7. Low-Range Clutch
8. Low-Range Sun Gear
9. Low-Range Planetary Carrier

10. Transfer Drive Gear
11. Transfer Idler Gear
12. Rear Output
13. Transfer Driven Gear
14. Front Output
15. Low-Range Ring Gear
16. High-Range Sun Gear
17. High-Range Ring Gear
18. High-Range Planetary Carrier

range sun gear, which is attached to the
high-range planetary carrier, drives the
low-range planetary pinions. The low
range ring gear is held stationary by the
hydraulic-actuated, low-range clutch. At
this point, the torque is transferred from the
low-range sun gear to the low-range plane
tary pinions where it is further multiplied
mechanically. The pinions transmit the
torque to their carrier which drives the
transmission shaft assembly counterclock-
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19. Intermediate-Range Clutch Hub
20. Forward-Range Planetary Carrier
21. Forward-Range Ring Gear
22. Reverse-Range Ring Gear
23. Input
24. Torqmatic Converter
25. Selector Valve Body Assembly

wise. The overall gear reduction is 8.00:1
in this range.

b. The engine torque is transmitted through
the hydraulic torque converter to the con
verter shaft assembly. The forward and
reverse-range sun gear, splined to the con
verter shaft assembly, drives the forward
range planetary pinions. The forward
range ring gear is held stationary by the
hydraulic-actuated forward clutch. There-
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[[J HIGH·RANGE CLUTCH PRESSURE

[] FORWARD CLUTCH PRESSURE

'----- Fig. 11 - Torque Path - Forward High Range ~

1. Reverse-Range Planetary Carrier 10. Transfer Drive Gear 19. Intermediate-Range Clutch Hub
2. Forward-Reverse Range Sun Gear 11. Transfer Idler Gear 20. Forward-Range Planetary Carrier
3. Reverse-Range Clutch 12. Rear Output 21. Forward-Range Ring Gear
4. Forward-Range Clutch 13. Transfer Driven Gear 22. Reverse-RangeRing Gear
5. Intermediate Range Clutch 14. Front Output 23. Input
6. High-Range Clutch 15. Low-Range Ring Gear 24. Torqmatic Converter
7. Low-Range Clutch 16. High-Range Sun Gear 25. Selector Valve Body Assembly
B. Low-Range Sun Gear 17. High-Range Ring Gear
9. Low-Range Planetary Carrier l B. High-Range Planetary Carrier

fore, the planetary pinions mechanically
multiply the torque and drive their carrier
counterclockwise.

drum, the clutch hub, and the high-range
carrier together. The intermediate-range
clutch drum is splined to the forward-range
planetary carrier which is the input to the
range gearing. The intermediate range
clutch hub is splined to the transmission
shaft assembly. Therefore, the input torque
to the range gearing is transmitted directly
to the shaft assembly which is driven coun
terclockwise. The resulting gear reduction
in this range is 2.90: 1.

4. Intermediate-Forward Range Torque
Path (Fig. 10)

a. In the intermediate range, there is no
planetary action in the range gearing.
The hydraulic-actuated intermediate range
clutch locks the intermediate-range clutch
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[]J LOW-RANGE CLUTCH PRESSURE
m REVERSECLUTCH PRESSURE

'--- F;g. 12 - Torque Path - Reverse Low Range -----'

l. Reverse-Range Planetary Carrier 10. Transfer Drive Gear 19. Intermediate-Range Clutch Hub
2. Forward-Reverse Range Sun Gear 11. Transfer Idler Gear 20. Forward-Range Planetary Carrier
3. Reverse-Range Clutch 12. Rear Output 2l. Forward-Range Ring Gear
4. Forward-Range Clutch 13. Transfer Driven Gear 22. Reverse-Range Ring Gear
5. Intermediate Range Clutch 14. Front Output 23. Input
6. High-Range Clutch 15. low-Range Ring Gear 24. Torqmatic Converter
7. low-Range Clutch 16. High-Range Sun Gear 25. Selector Valve Body Assembly
8. low-Range Sun Gear 17. High-Range Ring Gear'
9. low-Range Planetary Carrier 18. High-Range Planetary Carrier

b. The engine torque is transmitted through
the converter to the converter shaft as
sembly. The forward and reverse-range sun
gear, splined to the converter shaft assem
bly, drives the forward-range planetary
pinions. The forward-range ring gear is
held stationary by the hydraulic-actuated
forward clutch. Therefore, the planetary
pinions mechanically multiply the torque
and drive the carrier counterclockwise.

5. High-Forward Range Torque Path
(Fig. 11)

a. The forward-range carrier transmits the
torque to the intermediate-range clutch
drum which is splined to the high-range
carrier. The high-range ring gear is held
by the hydraulic-actuated, high-range
clutch. The high-range carrier, therefore,
drives the high-range sun gear, which is
splined to the transmission shaft assembly.
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ill INTERMEDIATE-RANGE CLUTCH PRESSURE
rn REVERSECLUTCH PRESSURE

1. Reverse-Range Planetary Carrier 10. Transfer Drive Gear 19. Intermediate-Range Clutch Hub
2. Forward-Reverse Range Sun Gear 11. Transfer Idler Gear 20. Forward-Range Planetary Carrier
3. Reverse-Range Clutch 12. Rear Output 21. Forward-Range Ring Gear
4. Forward-Range Clutch 13. Transfer Driven Gear 22. Reverse-Range Ring Gear
5. Intermediate-Range Clutch 14. Front Output 23. Input
6. High-Range Clutch 15. Low-Range Ring Gear 24. Torqmatic Converter
7. Low-Range Clutch 16. High-Range Sun Gear 25. Selector Valve Body Assembly
B. Low-Range Sun Gear 17. High-Range Ring Gear
9. Low-Range Planetary Carrier ia High-Range Planetary Carrier

Since the high-range ring gear is held, and
the high-range planetary carrier is driving
the high range sun gear counterclockwise,
the planetary action results in an overdrive
condition. The overall gear reduction is
1.00: 1.

pinions. The forward-range ring gear is
held stationary by the hydraulic-actuated
forward clutch. Therefore, the planetary
pinions mechanically multiply the torque
ond drive their carrier counterclockwise.

6. Low-Reverse Range Torque Path (Fig. 12)
b. The engine torque is transmitted through

the converter to the converter shaft as
sembly. The forward and reverse-range sun
gear, splined to the converter shaft assem
bly, drives the forward-range planetary

a. The intermediate-range clutchdrum, splined
to the forward-range planetary carrier,
transmits the torque from the forward
range planetary carrier to the high-range
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L- Fig. J4 - Torque Path - Reverse High Range ~

1. Reverse-Range Planetary Carrier 10. Transfer Drive Gear 19. Intermediate-Range Clutch Hub
2. Forward-Reverse Range Sun Gear 11. Transfer Idler Gear 20. Forward-Range Planetary Carrier
3. Reverse-RangeClutch 12. Rear Output 21. Forward-Range Ring Gear
4. Forward-Range Clutch 13. Transfer Driven Gear 22. Reverse-Range Ring Gear
5. Intermediate Range Clutch 14. Front Output 23. Input
6. High-Range Clutch 15. Low-Range Ring Gear 24. Torqmatic Converter
7. Low-Range Clutch 16. High-Range Sun Gear 25. Selector Valve Body Assembly
S. Low-Range Sun Gear 17. High-Range Ring Gear
9. Low-Range Planetary Carrier lS. High-Range Planetary Carrier

planetary carrier. The low-range sun gear,
which is attached to the high-range plane
tary carrier, drives the low-range planetary
pinions. The low-range ring gear is held
stationary by the hydraulic-actuated low
range clutch, At this point the torque is
transferred from the low-range sun gear
to the low-range planetary pinions where
it is further multiplied mechanically. The
pinions transmit the torque to their carrier,
which is splined to the transmission shaft
assembly, clockwise. The overall gear re
duction is 7.55: 1 in this range.

b. The engine torque is transmitted through
the converter to the converter shaft assem
bly. The forward and reverse-range sun
gear, splined to the converter shaft as
sembly, drives the reverse-range planetary
pinions. The pinions, in turn drive the
reverse-range ring gear. The reverse-range
planetary carrier is attached to the reverse
range clutch hub which is held stationary
by the hydraulic-actuated reverse clutch.
The planetary action here results in less
speed, more torque, and a rotation oppo
site to the rotation in forward. The ring
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gear now transmits the torque to, and
drives, the forward-planetary carrier clock
wise.

7. Intermediate-Reverse Range Torque
Path (Fig. 13)

a. In the intermediate range, there is no
planetary action in the range gearing.
The hydraulic-actuated, intermediate-range
clutch locks the intermediate-range clutch
drum, the clutch hub, and the high-range
planetary carrier together. The interme
diate-range clutch drum is splined to the
forward-range carrier which is the input
to the range gearing. The intermediate
range clutch hub is splined to the trans
mission shaft assembly. Therefore, the input
torque to the range gearing is transmitted
directly to the transmission shaft assembly,
which is driven clockwise. The total gear
reduction in this range is 2.81: 1.

n
b. The engine torque is transmitted through

the converter to the converter shaft as
sembly. The forward and reverse-range
sun gear, splined to the converter shaft
assembly, drives the reverse-range plane
tary pinions. The pinions, in turn, drive the
reverse-range ring gear. The reverse-range
planetary carrier is attached to the reverse
range clutch hub which is held stationary
by the hydraulic-actuated, reverse-range
clutch. The planetary action here results
in less speed, more torque, and a rotation
opposite to the rotation in forward. The
ring gear now transmits the torque to, and
drives the forward planetary carrier clock
wise.

8. High-Reverse Range Torque Path
(Fig. 15)

a. The forward-range planetary carrier trans
mits the torque to the intermediate-range
clutch drum which is splined to the high
range planetary carrier. The high-range
ring gear is held stationary by the hy
draulic-actuated high-range clutch. The
high-range planetary carrier, therefore,
drives the high-range sun gear which is
splined to the transmission shaft assembly.
Since the high-range ring gear is held, and
the high-range carrier is driving the high
range sun gear, the planetary action results
in an overdrive condition. The transmission
shaft assembly is driven clockwise with an
overall gear reduction of 0.97:1.

b. The engine torque is transmitted through
the converter to the converter shaft as
sembly. The forward and reverse-range sun
gear, splined to the converter shaft as
sembly, drives the reverse-range plonetory
pinions. The pinions, in turn, drive the
reverse-range ring gear. The reverse-range
planetary carrier is attached to the reverse
range clutch hub which is held stationary
by the hydraulic-actuated, reverse-range
clutch. The planetary action here results in
less speed, more torque, and rotation oppo
site the rotation in forward. The reverse
range ring gear now transmits the torque
to, and drives the forward-range planetary
carrier clockwise.

3. PREVENTATIVE MAINTENANCE

A. Simple Maintenance

Like all of the mechanical equipment, your trans
mission will need attention and servicing. Routine
checks will help to prevent downtime. The operator
can aid in preventive maintenance by occasion
ally reading the gauges that are provided to
indicate the functioning of the transmission. Be
cause the transmission operates in oil and by oil,
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most of the maintenance is concerned with oil re
plenishment and oil cleanliness.

B. Transmission Gauges on the
Instrument Panel

The instrument panel contains two gauges pertain
ing to the transmission. One is the transmission
oil pressure gauge, which indicates the clutch pres-



sure (140-150 PSI).The other is the converter "out"
temperature (which should never be allowed to
go above 2500 F. maximum).

The transmission oil pressure gauge measures the
main system (clutch) pressure. It should read 140
to 150 P.S.I. any time that the engine is running.
If the pressure consistently drops below 140 P.S.I.
with anyone of the five clutches engaged, it may
allow the clutch to slip and overheat.

The converter "out" temperature gauge measures
the temperature of the hydraulic oil as it leaves the
converter, and before it reaches the external cool
ing radiator. This temperature should never be
allowed to go above 2500 F. maximum. If it should
exceed this maximum, stop the machine, shift to
neutral, and run the engine at ~ throttle. The
temperature should drop rapidly (2 to 3 minutes)
to approximately the engine water temperature
(1700 - 1900 F.). If the temperature does not drop,
stop the engine immediately. The cause should
then be determined and corrected.

Ordinarily, the converter "out" pressure reading
is not required during operation. Therefore, no
gauge is provided on the instrument panel. The
reading may be obtained by installing a pressure
gauge in place of the converter "out" temperature
sender, located at the converter check point (Fig.
2). The pressure is specified at 25 P.S.I. minimum
at full throttle, converter stall; and 65 P.S.I. maxi
mum at full throttle, no load.

CAUTION:Do not stall the converter longer than
30 seconds at a time when observing this pressure.

C. Maintenance Intervals and Precautions

1. Intervals

The type of service and the operating conditions
will determine the maintenance intervals. Refer to
Operating Instructions and Field Maintenance
Manual. However, it is well to check the hydraulic
system daily, or at the end of each shift. At the
same time, check for oil leaks.

2. Keeping the Oil Clean

Because the hydraulic system is the "heort" of your

transmission, it is especially important that the oil
be kept clean. The area around the oil filler hole
must be clean, and oil containers must be kept free
from mud, dirt, and other harmful matter. Refer l .
to Par. F, in this Topic. ~

3. Keeping Oil Breather Clean

a. The oil breather should be checked regu
larly and as frequently as necessary, de
pending upon operating conditions.

b. loader operation with a clogged breather
allows hot, moist air in the transmission
to condense when the equipment cools,
causing the oil to oxidize. The resulting
varnish and sludge can cause the valves
to stick, and plug the orifices, the filters,
and the oil screens.

D. Checking the Oil Level

1. Cold Check

The cold check (engine not running) is made to
insure that there is sufficient oil in the hydraulic
system before starting the engine - especially if
the equipment has been standing idle for a long
period. The oil level should be even with the oil
level plug (Fig. 1 and 15).

2. Hot Check

Check the level of the oil in the transmission as
follows:

a. Checking the oil level should be done with
the engine running at 1,000 R.P.M. with
the oil at operating temperature, and with
the transmission in the neutral range.

b. Check the hydraulic system oil level at the
transmission oil level plug, located on the
left side of the transfer gear housing as
sembly (Fig. 1 and Fig. 16). With the oil
level plug removed, oil in the transmission
sump should be level with or should flow
from the oil level hole. If the oil does not
run out from the hole, add oil until the
oil runs out freely.
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E. When to Change the Oil

n 1. Oil Capacity

The hydraulic system oil capacity of the trans
mission is 8.5 gallons (US) initial fill and approxi
mately 7.25 gallons refill.

2. When to Change the Oil

Oil should be changed in the hydraulic system
every 1,000 hours of operation, or more often,
depending upon the operating conditions. Also,
the oil in the system must be changed whenever the
oil shows traces of dirt, or the effects of high
operating temperature evidenced by discoloration
or strong odor. If the oil shows metal contamina
tion, the system must be thoroughly cleaned. Refer
to paragraph 4, below in this Topic.

3. When to Change the Filters

The hydraulic system filter should be replaced with
every oil change, and the strainer should be
cleaned with every oil change.

n 4. Metal Contamination of the Oil

If the oil in the hydraulic system becomes con
taminated with metal particles, all of the com
ponents of the hydraulic system - the transmission,
the torque converter assembly, the oil lines, and the
passages, the sump, the filter, the strainer, the
cooler, the valves and the oil pumps - must be
thoroughly cleaned. Thisusually means disassembly
of the components. (Refer to Topic 4.)

F. Changing the Oil

1. Hydraulic System

The oil should be warm when draining the oil from
the hydraulic system. All filters, the screens, and
the strainers should be replaced or cleaned. Oil
should be examined for metallic contamination
and evidence of high temperature operation.

2. Draining of the Transmission

Drain the transmission as follows:

a. Remove the drain plug from the front of
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the transfer gear housing (Fig. 2) and allow
the oil to drain.

b. Remove the oil screen from the transfer
gear housing (Fig. 15). Clean the oil screen
with a solvent, using a soft-bristle brush,
and reinstall.

c. Reinstall the drain plug in the transfer gear
housing.

3. Fillingof the Transmission

a. Remove the pipe plug from the oil filler
line (Fig. 1).

b. Fill the transmission, through the filler line,
with 4 to 5 gallons of the specified lubri
cant (Type C-l Transmission Oil).

c. Start the engine and allow it to run at
idling speed with the transmission in neu
tral range.

d. After the engine has been running at idling
speed for at least two minutes, add more
of the specified oil to bring the oil up to the
proper oil level. (Refer to Subject 0, in this
Topic.)



G. Checking the Main Oil Pressure

With the transmission in neutral range, and with
the parking brake applied, allow the engine to
operate at 1,000 R.P.M. Read the oil pressure.
The main-oil pressure check can also be made as
follows:

1. Install a pressure gauge at the main-oil
pressure check point (Fig. 2).

2. Start the engine, and let it run at idling
speed with the transmission in neutral
range to bring the transmission oil to oper
ating temperature (1700 - 1900 F.).

3. Shift the transmission into each range and
direction. As the transmission is shifted,
observe the main-oil pressure gauge read
ing in each range. The pressure readings
should not be less than 140 P.S.1. for any
range.

4. If the main-oil pressure is less than mrru
mum for any range, refer to Topic 9.

H. Checking the Oil Temperature

1. Out Temperature

The maximum converter "Out" oil temperature is
2500 F. This temperature reading can be taken at
the converter oil temperature gauge on the in
strument panel.

2. Checking for Locked Stators

If it should become necessary to check for locked
stators by observing the temperature drop rate,
increase the converter "Out" temperature to
2300 F., using the following procedure:

a. Start the engine, and let it run at idling
speed with the transmission in the neutral
range to bring the transmission and
engine up to operating temperatures (1700_

1900 F.).

b. Next, block the wheels securely. But, do
not apply the hydraulic brakes.

c. Shift the transmission into high range, for-

ward direction, and increase the engine
speed to full throttle.

d. When the converter "Out" temperature
reaches 2300 F., shift the transmission to V
the neutral range, releasing the throttle
momentarily when shifting. Immediately
check the rate of temperature drop. The
temperature should start to drop within 15
seconds. A slow temperature drop rate
probably indicates that stator is locked.
A rapid temperature drop rate indicates
normal stator operation.

I. Converter Stall Check

The stall check determines whether or not the
engine, and the converter in the transmission, are
functioning satisfactorily as a unit. This can be
checked as follows:

1. Start the engine and let it run at idling
speed with the transmission in the neutral
range to bring the transmission and en
gine up to operating temperatures (1700_

1900 F.).

2. Next, block the wheels securely. But, do
not apply the hydraulic brake.

3. Shift the transmission into high range, for
ward direction, and increase the engine
speed to full throttle. Do not permit the
converter "Out" temperature to exceed
2500 F.

4. Record the engine speed and converter
"Out" pressure. The converter "Out" pres
sure should be at least 25 P.S.1. If the
pressure is not at least 25 P.S.I., refer to
Topic 9.

J. Checking and Adiusting the Linkage

1. General

Described below are the checks and adjustments
of the range selector valve linkage. For the for
ward and reverse-range valve linkage, the same
procedure will generally apply.
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1. TRANSMISSION ~
CONTROL LEVER

L- ._Fig. J6 - Linkage Adjustment _'

2. Checking the Linkage

a. Before checking the transmission range
selector valve linkage, lubricate the !inkage
connection between the range selector
valve assembly and at the shift levers.

b. With the engine stopped, move the range
selector valve into each range position. The
lever should move freely, but with a definite
"detent" feel, as it is moved from one range
position to the next.

c. Check the shifting control linkage for bent,
or excessively worn parts. Straighten or
replace the parts as necessary.

3. Adiusting the Linkage

a. Move the range selector valve to the high
range poppet position, all the way into
the valve body.

b. Disconnect the control linkage at the range
selector valve. Check to see that both the
range selector valve lever and range
selector valve have remained in high-range
position.

n
c. Check the alignment of the hole in the end

of the range selector valve with the corre
sponding hole in the shifting control link
age. If the holes do not align, make

2. lST--+l E3. 2ND

________ .. .. 1. ~4. 3RD~~--~~

> ::::j:,.,,""
5. NEUTRAL

i i
DISENGAGED ,! :

B. REAROUTPUTDISCONNECT--CENGAG~E, .I~,1.1
I,
II

I!
I o

roc

the necessary adjustment in the linkage.
(Fig. 17):

The two rods connecting the transmission shift
lever with the shaft may be adjusted by loosening
their jam nuts and turning the joint clockwise to
decrease the rod length, or counterclockwise to
increase it. After the transmission shift lever is in
stalled, it should be centered, and should travel
freely through the gated slot in the transmission
control plate. Then, adjust the rods using the di
mensions in Fig. 16 as a reference.

The axle disconnect lever should travel far enough
to engage, or disengage, the axle disconnect
plunger without striking its guide plate. Then ad
just the rods (Fig. 16).

Connect the linkage and the selector valve, and
repeat the above procedures in all of the range
positions. The only difference will be that the range
selector valve lever, and the range selector valve,
will be moved into the range that is to be checked
and adjusted.

4. Shifter Fork Lever Adiustment

a. Push the shifter fork shaft into the trans
mission as far as possible. This is the en
gaged position for the disconnect clutch.

b. Measure from the center of the hole in the
shaft to the housing surface adjacent to the
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shaft. The distance should be %" minimum.
If an adjustment is necessary, turn the shift
er fork shaft, which is threaded, to obtain
the correct adjustment.

c. Pull the shifter fork shaft out of the trans
mission as far as possible. This is the dis
engaged position for the disconnect clutch.

d. Repeat the measurement made in Step 2.
The distance should be 2%" maximum.

K. Troubleshooting

Refer to the "Troubleshooting" Section and Topic9
in this section which will help you to locate the
source of transmission trouble. A chart is prepared
to cover first the troubles that may occur due to
improper maintenance. Remember that the whole

power package - engine and transmission - must
be considered when running down the source of
trouble.

The schematics illustrated in Topic 2, show how \....I
the oil flows in neutral, low-forward range, inter- .. .
mediate-forward range, high-forward range, low-
reverse range, intermediate-reverse range, and
high-reverse range. The schematics also show the
arrangement of the pumps, the valves, the oil filter,
the oil cooler, the torque converter and the clutches.

These schematics may be used in troubleshooting
any hydraulic malfunctions which may arise. By
studying the schematic which applies to the par
ticular area in which there seems to be trouble, it
may be possible to correct, or repair quickly and
easily, any malfunction which may occur in the
hydraulic system.

4. CLEANING AND INSPECTION

A. General

The following is general information on cleaning
and inspection procedures, and wear limits.When
handling the transmission parts, handle them with
care. Nicks, dents or scratches caused by careless
handling can cause subsequent transmission failure.

NOTE: Each transmission has part numbers and a
serial number. When ordering parts, always in
clude the transmission serial number in addition to
the part numbers. Refer to your parts book when
ordering parts. Do not use the exploded view ref
erence numbers in this manual to order the parts
you need.

It is recommended that all of the gaskets and the
seal rings be replaced with new gaskets and seal
rings when they are removed from the transmission.
If the transmission has been overheated, replace all
of the springs.

Inspect all of the parts each time that the trans
mission is disassembled. Metal in the oil indicates
that some part has failed. If metal particles are
found, both the transmission and the converter
must be thoroughly cleaned and inspected as
follows:

1. All metallic parts of the transmission, ex
cept the bearings, should be thoroughly
cleaned with a dry-cleaning solvent, vola
tile mineral spirits, a paint thinner, or by
the steam-cleaning method. Do not use a
caustic soda solution for steam cleaning.

2. All parts (except the bearings) should be
dried with compressed air. Steam cleaned
parts should be oiled immediately after
drying.

3. Clean the oil passages by working a piece
of wire back and forth through the pas
sages, and then flushing them with a clean
solvent or paint thinner. Dry the passages
with compressed air.

4. Examine all the parts, especially the oil
passages, after cleaning to be sure that
they are entirely clean. Reclean them if
necessary.

B. Tools and Equipment

1. Tools

A minimumamount of special and improvised tools
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are required for overhaul procedures. The tools
and their uses are listed below:

a. A sling for lifting the transmission and its
components.

b. A slide hammer remover and adapter for
removing the implement pump idler gear
spindle.

c. A special tool for the removal of the trans
fer gear idler spindle. Refer to Topic 10.

2. Equipment

The equipment outlined below should be available
before removal and disassembly is started:

a. Proper hand tools and receptacles for
small parts.

b. A suitable hoist of one-ton capacity.

c. An arbor press.

d. A disassembly and assembly table is essen
tial for proper and efficient overhaul pro
cedures. Refer to Fig. 17.

e. A container for cleaning parts and a supply
of mineral spirits or dry-cleaning solvent.

C. Bearings

1. Cleaning the Bearings

Because dirt or grit in the ball bearings is usually
responsible for bearing failures, it is important
that they are kept clean during their installation
and removal. Clean the bearings as follows:

Thoroughly wash the bearings in a dry-cleaning
solvent, vo!atile mineral spirits, or a paint thinner.
If the bearings are particularly dirty, or filled with
hardened grease, soak them in the cleaning sol
vent. Then oil the bearings with Type C-1 trans
mission oil.

NOTE: Never dry the bearings with compressed
air. Do not spin the bearings while they are not
lubricated.

2. Inspecting the Bearings

a. Inspect the bearings for roundness. Replace
a bearing if its rotation is rough after
cleaning and oiling.
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b. Inspect the races for scores, pits, scratches,
cracks, or chips. Look for excessive wear
on the rollers and the balls. Replace the
bearing if these defects are found.

c. Inspect the housing and shaft of a defective
bearing for grooved, burred, or gaulled
conditions. These indicate that the bearing
housing has been turning. If the damage
cannot be repaired with crocus cloth, re
place the damaged part.

NOTE: When installing a bearing on a shaft, heat
the bearing to 3000 F. on an electric hot plate, or
in an oil bath. Coat the mating surface with white
lead. Use the proper size installation sleeve and
an arbor press to seat the bearing. If an arbor
press is not available, seat the bearing with a drift
and a hammer, driving against the supported race.

CAUTION: If the bearing must be removed or
installed without a sleeve, be careful to press only
on the race that is adjacent to the mounting surface.

D. Inspecting the Cast Parts and the
Machined Surfaces

Thoroughly inspect the cast parts and machined
surfaces as follows:

1. Inspect the bores for wear, grooves,
scratches, and dirt. Remove scratches and
burrs with a crocus cloth. Remove any for
eign matter. Replace the parts that are
deeply grooved or scratched.

2. Inspect all of the oil passages for obstruc
tions. If an obstruction is found, remove it
with compressed air, or by working a wire
back and forth through the passage, and
flushing it out with a cleaning solvent.

3. Inspect the mounting faces for burrs,
scratches, nicks, and foreign matter. Re
move such defects with a crocus cloth or a
soft stone. If the scratches are deep, re
place the scratched part.

4. Inspect the threaded openings for damaged
threads. Chase any damaged threads with
the correct size tap.

5. Replace housings or other cast parts that
are cracked.

6. Inspect all of the machined surfaces for .. ..
damage that could cause oil leakage or '-'
other malfunction of the part. Rework, or
replace, the damaged parts.

E. Inspecting the Bushings and the
Thrust Washers

Inspect the bushings and the thrust washers as
follows:

1. Inspect the bushings for roundness, scores,
burrs, sharp edges, and evidence of over
heating. Remove the scores with crocus
cloth. Remove the burrs and the sharp
edges with a scraper, or a knife blade. If
the bushing is out-of-round, deeply scored,
or excessively worn, replace it, using the
proper size replacer.

NOTE: Sometimes it is necessary to cut out
a damaged bushing. Be careful not to
damage the bore into which the bushing fits.

2. Inspect the thrust washers for distortion,
scores, burrs and wear. Replace the thrust
washer if it is damaged or worn. It is much
less expensive to replace such parts than to
replace the converter elements or the trans
mission gearing, which can fail due to dam
aged bearings, bushings, or thrust washers.

F. Inspecting Gears, Splined and Threaded
Parts, Snap Rings and Springs

1. Gears

Inspect the gears as follows:

a. Inspect the gears for scuffed, nicked,
burred, or broken teeth. If the defect can
not be removed with a soft stone, replace
the gear.

b. Inspect the gear teeth for wear that may
have destroyed the original tooth shape.
If this condition is found, replace the gear. V
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,__----------- Fig. 18- Cut-Away View of Transmission - Legend- ....J

l. Converter Pump Cover 15. Parking Brake
2. Converter Drive Ring 16. Front Output Flange
3. Converter Turbine 17. Front Output Shaft
4. Stator 18. Transfer Driven Gear
5. Converter Pump 19. Rear Output Shaft
6. Converter Shaft 20. Rear Output Flange
7. ReverseClutch 2l. Shifter Fork Shaft (Rear Output Disconnect)
8. Forward Clutch 22. Shifter Fork
9. Intermediate Range Clutch 23. low Range Planetary Carrier
10. High Range Clutch 24. High Range Planetary Carrier
1l. Low Range Clutch 25. Forward Planetary Carrier
12. Transfer Drive Gear 26. ReversePlanetary Carrier
13. TransmissionMain Shaft 27. Torque Converter Housing
14. Transfer Idler Gear 28. Input Charging Oil Pump
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c. Inspect the thrust faces of the gears for
scores, scratches and burrs. Remove such
defects with a soft stone. If the scores and
the scratches cannot be removed with a
soft stone, replace the gear.

2. Inspecting the Splined Parts

Inspect the splined parts for stripped, twisted,
chipped, or burred splines. Remove the burrs with
a soft stone. Replace the part if other defects are
found. Spline wear is not considered detrimental
except where it affects tightness of fit of the splined
parts.

3. Inspecting the Threaded Parts

Inspect the parts for burred, or damaged threads.

G. General Torque Specifications

Remove the burrs with a soft stone, or fine file. Re
place the damaged parts.

4. Inspecting the Snap Rings

Inspect all of the snap rings for nicks, distortion,
and excess wear. Replace the part if one of these
defects is found. The snap ring must snap tight in
its groove for proper functioning.

5. Inspecting the Springs

Inspect all of the springs for signs of overheating,
permanent set, or wear due to their rubbing
against adjacent parts. Replace the spring if any
one of these defects is found.

Unless otherwise specified, the torque specifications listed in the following chart will apply to all assembly
procedures:

TORQUE CHART

Special Heat Treated Capscrews,
Threads Standard Heat Treated Allen Head Screws

Size Per Inch Capscrews and Self-Locking Capscrews

J4 20 6·8 9·11
28 8·10 10·12

~6
18 15·18 17·20
24 17·20 19·23

% 16 26·32 36·43
24 33·40 41·49

K6 14 42·50 54·65
20 50·60 64·77

X 13 67·80 81·97
20 83·100 96·115

Y,6
12 85-100 103·123
18 100·120 122-146

% 11 117·140 164·192
18 134·160 193·225

% 10 180·210 284·325
16 215·250 337·385

Ya 9 315·360 490·550
14 372·425 575·650

1 8 445·500 685·770
14 535·600 830·925

NOTE: All torque values are given in Ibs. ft.
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s. REMOVAL AND INSTALLATION OF TRANSMISSION

A. General

This section contains general information on re
moval from and installation into the loader.

B. Removing the Transmission from the
Drive Line

1. Preparation for Removal:
Drain the transmission oil.
(Refer to Topic 3, in this Section.)
Drain the hydraulic tank.
(Refer to "LOADER HYDRAULICSYSTEM"
Section.)

2. Removal Procedure:

a. Remove the hood and side panels.

b. Disconnect the battery cables and remove
the battery box with the two batteries.

c. Remove the air cleaner from the side brace.

n d. Remove the hydraulic tank compartment
cover and disconnect the control linkage
from the bell cranks.

e. Disconnect all hoses and tubes from the
bottom of the hydraulic tank. Cap all the
open lines.

f. Disconnect the parking brake.

g. Remove the rear axle disconnect linkage
from the hydraulic tank mounting plate and
the transmission.

h. Disconnect the dump and lift cylinder hoses
from the side of the hydraulic tank. Cap
the hoses. Remove the swivel elbows from
the hydraulic tank and cap the tank
openings.

i. Remove the engine compartment side
braces.

j. Disconnect the voltage regulator wires. Re
move the capscrews, lockwashers, and hex
nuts that secure the upper rear stabilizer
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cross member and remove the cross
member.

k. Remove the capscrews, lockwashers and
hex nuts that hold the hydraulic tank to the
tank mounting plate and remove the hy
draulic tank with a suitable sling and hoist.

I. Remove the capscrews, lockwashers and
hex nuts that secure the hydraulic tank
mounting plate to the stabilizer and remove
the mounting plate.

m. Disconnect the transmission control linkage
from the selector valve. Disconnect the
wires from the converter temperature send
er and the main pressure sender. Remove
the two transmission oil cooler lines from
the top of the converter housing and cap
all the open ends.

n. Disconnect the front and rear universal
joints from the transmission output shafts.

o. Remove the capscrews and lockwashers
that secure the transmission converter hous
ing to the engine flywheel housing. NOTE:
It will be necessary to remove the trans
mission charging pump in order to remove
all of the converter housing capscrews.

p. Attach a sling and hoist of at least 1-ton
capacity to the transmission using the
tapped holes provided in the converter
housing and the transfer gear housing.

q. Remove the capscrews, flatwashers, lock
washers and hex nuts that secure the trans
mission mounting brackets to the loader
main frame. Remove the transmission by
lifting it straight up and out of the loaders.

NOTE: If overhead clearance is not suffi
cient to raise the transmission out of the
loader an alternate method is to lower it
and at the same time roll the transmission
on its side on a suitable dolly or pattet for
removal to the overhaul table.



c. Installation of the Transmission in
the Loader

1. Installation Procedure.

a. Distribute a sufficient quantity of wheel
bearing grease to flll the gear tooth spaces
and the cavity formed by the flywheel and
drive ring.

CAUTION:Do not use more grease than is
required to fill any cavities outside the
diameter of the drive ring teeth.

b. Attach a hoist and sling of at least 1-ton
capacity to the transmission and lower it
into its approximate position in the loader.

c. Index the teeth in the drive ring with the
teeth in the converter pump cover. Care
fully secure the transmission to the engine
flywheel housing with the mounting cap
screws and lockwashers and torque to 30
to 35 Ibs. ft.

d. Remove the hoist and sling and install the
mounting bracket capscrews, flatwashers,
lockwashers and hex nuts that secure the
transmission to the main frame mounting
pads and torque to 168-178 Ibs. ft. Install
the converter charging pump.

e. Connect the front and rear universal joints
to their corresponding output shafts.

f. Connect the two transmission oil cooler lines
to the converter housing. Connect the wires
to the main pressure sender and the con
verter temperature sender. Connect the
clutch cut-off line. Connect the transmission
control linkage to the control valve spools.

g. Install the hydraulic tank mounting plate
in the stabilizer and tighten the capscrews
securely. Using a suitable hoist and sling
lower the hydraulic tank into place on the
mounting plate and bolt it in position.
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h. Connect all lines and hoses to their proper
adapters on the bottom of the hydraulic
tank.

i. Install the upper rear stabilizer cross mem
ber and secure with its capscrews, lock
washers and hex nuts. Install the voltage
regulator and connect the lead wires to
their proper terminals.

j. Install the engine compartment side braces.

k. Install the rear axle disconnect linkage to
the transmission and the hydraulic tank
mounting plate. Reconnect the parking
brake.

I. Install the swivel elbows in the sides of the
hydraulic tank. Connect the lift and dump
cylinder hoses to the swivel elbows.
CAUTION:Position the hoses so that they
do not rub, bind or chafe.

m. Install the air cleaner. Install the battery
box and connect the battery cables. Con-
nect the loader control linkage to the hy
draulic tank mounted bellcranks. Adjust \..I
the linkage if necessary so that the boom
and bucket levers are centered in their slots.

n. Fill the hydraulic tank to the proper level
on the dipstick with approved fluid. (Refer
to Loader Hydraulic System Section.)

o. Fill the transmission. (Refer to Topic 3, this
Section.) CAUTION: Do not operate the
transmission without fluid in the hydraulic
tank and do not start the engine without
adequate fluid in the transmission.

p. Replace the hood and side panels. Replace
the hydraulic tank cover. Replace the bat
tery box cover. Carefully recheck the fluid
levels of both the transmission and the hy
draulic system before putting the loader
to work.



6. TRANSMISSION REAR GROUP

n A. General

While the rebuilding procedures in this Topic per
tain to the Rear Group (Fig. 19) only, it is recom
mended that the entire Transmission be disassem
bled for cleaning and inspection whenever it is
necessary to overhaul any of the groups.

Before attempting to disassemble the transmission,
be sure that the oil is completely drained and that
proper equipment is available. This equipment in
cludes a hoist, hand tools, special tools, recepta
cles for small parts, lint free wiping cloths, a bench
vise, and a heavy work table. Refer to Topic 4.

Be sure that the transmission and work table is
clean and free of dirt and grease. Cleanliness is
of major importance for the proper functioning of
the transmission and for longer service life of the
parts. Refer to Topic 4 before proceeding with the
disassembly.

B. Rear Group, Disassembly

1. Attach a lifting sling to the transmission and
lower it onto the work table, leveling it with
wooden blocks.

2. Remove the input-charging oil pump and
its gasket.

3. Remove the converter housing drain tube
flange (Fig. 20). Remove the hose clamp.
Remove, as a unit, the flange, the hoses,
and the tube.

4. Remove the capscrews and lockwashers
(Fig. 21) from the selector valve body and
remove the valve and gasket. Remove the
main pressure regulator valve body and
gasket.

5. Flatten the corners of the lockstrip (Fig. 22).
Remove the self-locking capscrews, the lock
strip, and the flange retainer washer.

6. Using a puller (Fig. 23), remove as a unit,
the parking brake drum and the front out
put flange. If necessary only for parts
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L...-__ Fig. J9 - Transmission Rear Group ..J

1. Converter Pump Cover
2. Converter Drive Ring
3. Converter Turbine
4. Stator
5. Converter Pump
6. Reverse Piston
7. Converter Ground Sleeve
8. Converter Turbine Shaft
9. Oil Pump and Implement Pump Drive Gear
10. Oil Pump and Implement Pump Drive Idler Gear
11. Torque Converter Housing
12. Oil Pump and Implement Pump Drive Driven Gear
13. Input Driven Charging Oil Pump

replacement, remove the self-locking cap
screws and remove the flange from the
drum.

7. Remove the brake return spring (Fig. 24)
and the brake shoe assembly from the
brake back plate.



1

- Remove Converter Housing Drain
Tube Assembly

1. Capscrews and Lockwashers
2. Converter Housing Drain Tube Flange
3. Hose Clamp
4. Hoses
5. Tube

Fig. 21 - Remove Seledor Valve Body and
Main Pressure Regulator Valve Body

1. Capscrews and Lockwashers
2. Main Pressure Regulator Valve Body

8. Remove the brake roller (Fig. 25) and the
brake apply lever. Remove the capscrews
and lockwashers and remove the back
plate.

Fig. 22 - Remove Front Output Flange Retainer

1. Lock Strip
2. Self-Locking Capscrews
3. Flange Retainer Washer

Fig. 23 - Using a Puller to Remove Parking
Brake Drum

1. Puller
2. Parking Brake Drum
3. Front Output Flange
4. Self-Locking Capscrews

9. Attach a lifting sling to the rear of the
transmission and position it so that it rests
on its front surface. Block the transmission li
sufficiently high to clear the output shaft.
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1. Brake Return Springs
2. Brake Shoe Assembly
3. Brake Back Plate

"

1. Brake Roller
2. Brake Apply Lever
3. Capscrews and Lockwashers
4. Back Plate

10. Using snap ring pliers, remove the snap
ring (Fig. 26) from the converter shaft. Re
move as a unit, the turbine and the bearing.

1. Snap Ring
2. Turbine
3. Bearing

1. Stator Assembly
2. Freewheel Rollers (10)
3. Freewheel Roller Springs (10)
4. Freewheel Roller Race
5. Capscrews and Lockwashers

If necessary, use wire lifting hooks under
the outer circumference of the turbine.
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1. Snap Ring
2. Internal-Splined Spacers (2)

11. Remove the stator assembly (Fig. 27), the
ten freewheel rollers and the ten freewheel
roller springs. Remove the freewheel roller
race.

Fig. 29 - Remove Converter Housing Assembly

1. Lifting Sling
2. Converter Housing
3. Drift
4. Converter Shaft
5. Gasket
6. Self-Locking Capscrews
7. Lock Strips (2) and Bearing Retainers (3)
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Fig. 30 - Remove Converter Shaft Assembly

1. Converter Shaft Assembly
2. Seal Rings (Hook Type)
3. Bearing

CAUTION:Some of the rollers and springs
may drop out when the stator is lifted.

12. Using snap ring pliers, remove the snap
ring (Fig. 28) from the converter ground
sleeve. Remove the two internal-splined
spacers.

, ,

'------ Fig. 3J - Remove Reverse Range ....J

Piston Assembly

1. Converter Housing Assembly
2. Reverse Range Piston Assembly
3. Piston Apply Hole
4. Piston Seals
5. Snap Ring



•

13. Remove the capscrews and lockwashers
(Fig. 27) from the converter housing. Attach
a lifting sling (Fig. 29) to the converter
housing and raise the assembly. Use a drift
to prevent the converter shaft from rising.
Remove the gasket. Remove the self-locking
capscrews, the two lock strips and the three
bearing retainers.

14. Remove the converter shaft assembly (Fig.
30). Remove the hook type seal rings. If
necessary for parts replacement, remove
the bearing by pressing it toward the small
end of the shaft.

15. Position the converter housing assembly
(Fig. 31) on the oil cooler pad and remove
the reverse range piston assembly.

NOTE: Use compressed air in the piston ap
ply hole to loosen the piston.

Remove the piston seals and the snap ring.

Fig. 33 - RemoveLube Pressure Regulator Valve

1. Gasket
2. Pin
3. Washer
4. Tube Pressure Regulator Valve
5. Valve Spring

1 2

Fig. 34 - Remove Converter Pump and
Searing Assembly

1. Puller
2. Converter Pump and Bearing Assembly
3. Ground Sleeve

and the valve spring.

18. Position the converter housing on its front
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Fig. 32 - Remove Implement Pump Gear

1. Slide Hammer
2. Implement Pump Bearing Retainer, Bearings,

and Gear
3. Seal
4. Capscrews and Lockwashers
5. Lube Valve Cover

16. Using a slide hammer (Fig. 32), remove as
a unit the implement pump bearing retain
er, the bearings, and the gear. Remove the
seal. Remove the capscrews and lockwash
ers, and remove the lube valve cover.

17. Remove the gasket (Fig. 33), the pin, the
washer, the lube pressure regulator valve



Fig. 35 - Remove Implement Pump Drive Gear
from Converter Pump

1. Converter Pump Assembly
2. Drift
3. Bearing
4. Implement Pump Drive Gear

Fig. 36 - Remove Implement Pump Idler
Gear Spindle

1. Implement Idler Gear Spindle
2. Slide Hammer
3. Implement Pump Idler Gear and Bearing

surface. Using a puller (Fig. 34), remove
the converter pump and bearing assembly
from the ground sleeve.

19. Position the converter pump assembly (Fig.
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35) on wooden blocks. Using a soft drift,
drive the bearing and the implement pump
drive gear from the converter pump.

20. Remove the spindle retainer capscrew from \...;
the implement pump idler gear spindle
(Fig. 36). Install a slide hammer (2) and
remove the spindle. Remove the implement
pump idler gear and bearing (3). Do not
remove the bearing from the gear.

Fig. 37 - Install Implement Pump Gear, Bearing \..I
and Bearing Retainer Assembly

1. Converter Housing Assembly
2. Bore
3. Seal Ring
4. Snap Ring Groove
5. Implement Pump Gear

c. Rear Group, Assembly

1. Position the converter housing assembly
(Fig. 37) to rest on its rear surface. Grease
the bore so that the seal ring will not be
damaged by the snap ring groove. Install
the seal ring. Install as a unit, the imple
ment pump gear, the bearing, and the
bearing retainer. Tap on the unit to seat
the bearing.

2. Install the implement pump gear snap ring
(Fig. 38). Install as a unit, the pin, the wash
er, the lube valve, and the spring. Install
the gasket and the cover. Secure the cover \._I
with the lockwashers and capscrews.



"
Fig. 38 - Install Lube Pressure Regulator Valve

and Implement Pump Gear Snap Ring

1. Implement Pump Gear Snap Ring
2. Pin
3. Washer
4. Lube Valve
S. Spring
6. Gasket
7. Cover

'-- Fig. 39 - Install Idler Gear and ...J
Bearing Assembly

1. Converter Housing
2. Idler Gear and Bearing
3. Guide Bolt
4. Idler Gear Spindle

3. Position the converter housing (Fig. 39) to
rest on its front surface and install the idler
gear and bearing with the hub side down.
Using a guide bolt, install the idler gear
spindle. Tap on the spindle to set it in its
bore.

Fig. 40 - Install Implement Pump Drive and "..
Converter Pump Assembly

1. Idler Gear Spindle Retainer Capscrew
2. Pump Gear and Bearing Assembly
3. Converter Ground Sleeve
4. Gasket
5. Converter Pump Assembly

1. Bearing Retainers (3)
2. Lock Strips (3)
3. Self-Locking Capscrew
4. Internal-Splined Spacers (2)
S. Snap Ring
6. Ground Sleeve

4. Install the idler gear spindle retainer cap
screw (Fig. 40). Install the pump gear
and bearing assembly onto the converter
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ground sleeve. Install the gasket, using oil
soluble grease. Install the converter pump
assembly, aligning the capscrew holes.

5. Install the three bearing retainers (Fig. 41),
the three lock strips, and the self-locking
capscrews. Bend the corners of the lock
strips against the capscrew heads. Install
the two internal-splined spacers and the
snap ring on the ground sleeve.

6. Position the converter housing (Fig. 42) to
rest on its left side. Install the hook type
seal rings onto the converter shaft. Install
the bearing, if it was removed. Install the
shaft assembly into the front of the housing
and tap on the bearing to seat it in its bore.

7. Grease the spacer (Fig. 43) with oil soluble
grease and install it with the recesses clear
ing the ground sleeve capscrew heads.
Grease and install the seal rings. Install the
reverse range piston into the converter
housing.

,j
Fig. 42 - Install Converter Shaft Assembly

1. Converter Housing
2. Seal Rings (Hook Type)
3. Converter Shaft
4. Bearing

8. Position the stator assembly (Fig. 44) with
the flat side down and install the freewheel
roller race with the recess up.

9. Grosp the stator assembly (Fig. 45). Hold

~
Fig. 43 - Install Reverse Flange Piston Assembly

1. Spacer
2. Seal Rings
3. Reverse Range Piston

Fig. 44 - Install Stator Freewheel Roller Race

1. Stator Assembly
2. Freewheel Roller Race

the freewheel roller race in position. Turn
the stator on edge and install it onto the
ground sleeve (6, Fig. 41).

10. Install the turbine assembly (Fig. 46) and
secure it with the snap ring.

11. Install the gasket (Fig. 47). Install the twelve
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'-- Fig. 45 - Install Stator Assembly ..j

1. Stator Assembly

n

•'-- Fig. 46 - Install Turbine Assembly ...J

1. Turbine Assembly
2. Snap Ring

n

piston return springs and spring guides.
Attach a lifting sling to the converter hous
ing and lower it into position. Use a guide
bolt to align the capscrew holes. If neces
sary, rotate the turbine to align the turbine
shaft splines with the forward range sun
gear and the reverse range carrier.
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Fig. 47 - Converter Transmission Housing
Alignment

1. Gasket
2. Piston Return Spring and Spring Guide (12)
3. Lifting Sling
4. Converter Housing
5. Guide Bolt
6. Turbine Shaft Splines

12. Install the pump gasket (Fig. 48). Install the
coupling on the pump shaft and install the
input charging oil pump assembly.

13. Secure the oil pump (Fig. 49) with the two
short capscrews and lockwashers and the
four long capscrews and lockwashers. As
semble the oil drain tube assembly and
install it on the transmission. Secure the
assembly with the two capscrews and lock
washers and the hose damp.

14. Attach a lift sling to the rear lifting hole
in the top of the converter housing and
raise the transmission to a vertical position.
Install the brake back plate (Fig. 50) and
secure it with the three capscrews and lock-



Fig. 48 - Install Input Charging Oil Pump
Assembly

1. Gasket
2. Coupling
3. Input Charging Oil Pump Assembly

1. Oil Pump
2. Capscrew (2 Short) and lockwasher
3. Capscrew (4 long) and lockwasher
4. Oil Drain Tube Assembly
5. Capscrews and lockwashers
6. Hose Clamp

washers. Install the brake lever and the
brake roller.

15. Install the brake shoe assemblies (Fig. 51)

Fig. 50 - Install Brake Back Plate Assembly

1. Brake Back Plate
2. Capscrews and lockwashers
3. Brake lever
4. Brake Roller

Fig. 5J - Install Brake Drum and Flange
Assembly

1. Brake Shoe Assemblies
2. Springs
3. Brake Drum and Flange Assembly

and the springs. Install the brake drum and
flange assembly onto the front output shaft.
If necessary, heat the flange to 3000 F. for
one hour before installation.

16. Install the flange retainer washer (Fig. 52)
with the machined surface toward the
flange. Install the lock strip and the self-
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1. Flange Retainer Washer
2. Lock Strip
3. Self-Locking Capscrew

n

Fig. 53 - Install Pressure Regulator Valve
Body Assembly

1. Gasket
2. Pressure Regulator Valve Body Assembly

locking capscrews. Bend the corners of the
lock strip against the capscrew heads.n

Fig. 54 - Install Selector Valve Body Assembly

1. Pressure Regulator Valve Body Capscrews and
Lockwashers (5)

2. Gasket
3. Selector Valve Body Assembly

17. Install the gasket (Fig. 53) and the pressure
regulator valve body assembly onto the
lower front surface of the torque converter
housing.

18. Install the five pressure regulator valve
body capscrews and lockwashers (Fig. 54).
Using oil soluble grease, install the gasket.
Install the selector valve body assembly and
secure the valve with eleven capscrews and
lockwashers.

D. Torque Converter Drive

1. Disassembly (Fig. 55-A)

a. Remove the seal ring from the converter
pump cover (4).

b. Remove the self-locking nuts (3) from the
converter pump cover (4) and remove the
cover from the transmission.

2. Cleaning and Inspection

Refer to Topic 4.
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.__- Fig. 55 - Torque Converter Drive and Torque --'
Converter Assemblies

A - TORQUECONVERTERDRIVE 6. Freewheel Roller Spring
7. Freewheel Roller Race
8. Snap Ring
9. Freewheel Roller RaceSpacer
10. Hexagon-Head, Self-LockingCapscrew -

7l6-24 x 1~
11. Tab Lock Strip
12. Bearing Retainer
13. Double-Row Ball Bearing
14. PumpAssembly
15. Pump
16. Special Capscrew - 7l6-24 x 1.30
17. Drive Gear Gasket
18. Oil Pump and Implement Pump Drive Gear

1. Internal Tooth LockWasher - %
2. 12-PointHead Capscrew- %-16 x 1~
3. Nut - %-16
4. Converter Pump Cover
5. Seal Ring
6. Converter Drive Ring

B - TORQUECONVERTER

1. Snap Ring
2. Single-RowBall Bearing
3. Turbine
4. Stator Assembly
5. Freewheel Roller

3. Assembly (Fig. 55-A) E. Torque Converter

a. Install the converter pump cover (4) onto
the transmission and secure it with the self
locking nuts (3).

1. Disassembly (Fig. 55-B)

a. Remove the freewheel rollers (5) and the
roller springs (6) from the stator (4).

b. Install the seal ring (5) onto the converter
pump. b. Remove the bearing (2) from the turbine (3).
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Fig. 56 - Converter Cross-Section View Showing
Wear Limits

Dimension A minus B - 0.0095 in. min.
Dimension 0 minus C - 0.005 in. min.

O· . E hl k 0.692. 0 655 . .rrnensron - t rc ness 0.688 m.i u, In. min.

O· t "A" 2.800. 2 788 . .lame er - 2.798 In.,. In. min.

O· "B" 0.3750. 0 3 43 . .iemeter - 0.3748 in., . 7 In. min.

Diameter "C" 2.8435. 2 833 . .- 2.8430 In.,. In. min.

O· "0" 2.853. 2 839 . .icmeter - 2.849 In.,. In. min.

Total Wear Diameters "A," "B,""C" and "0" -
0.010 in. max.

2. Cleaning, Inspection, and Wear Limits

a. Refer to Topic 4 for cleaning and inspec
tion. Refer to Fig. 56 for wear limits.

b. Inspect the roller ramps (Fig. 55) on the
stator for wear pits and scores.

c. Inspect the stator blades for dents, nicks
and burrs. Remove them with a file or a
smooth stone. If dents cannot be removed,
or if there are cracks, replace the stator.

d. Inspect the roller springs for distortion and
replace them if necessary.

e. Inspect the rollers (5) for nicks, burrs, ex-

cessive wear, or signs of galling. If these
conditions cannot be corrected with a crocus
cloth, replace the rollers.

f. Check the movement of the rollers in their
ramps in the stator to be sure that they do
not bind or drag.

3. Assembly (Fig. 55)

a. Grease each of the stator cam ramps with
oil soluble grease, and install the ten free
wheel rollers (5) in the shallow part of
the ramp.

b. Install the ten freewheel springs (6) into
the deep part of the ramp, being sure that
the spring is all the way back.

c. Install the bearing (2) onto the turbine (3).
Seat the bearing against the shoulder on
the turbine hub.

F. Torque Converter Ground Sleeve and
Implement Drive

1. Disassembly (Fig. 57)

a. If necessary for parts replacement, remove
the converter ground sleeve (19) by press
ing the sleeve toward the front of the con
verter housing (Fig. 58). Be sure to press on
the shoulder of the ground sleeve.

b. If necessary for parts replacement, remove
the bearings (30 and 32) from the gear
(31).

2. Cleaning, Inspection, and Wear Limits

Refer to Topic 4 for cleaning and inspection. Refer
to Fig. 57 for wear limits.

3. Assembly (Fig. 57)

If the converter ground sleeve (19) was removed,
chill the sleeve in dry ice for one hour and install
into the front side of the converter housing (37).
Secure the ground sleeve with the capscrews
(Fig. 59).
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20. Hexagon-Head, Self-Locking Capscrew -
%-16 x Ya

21. Single-Row Ball Bearing
22. Hook-Type Seal Ring
23. Converter Shaft Assembly
24. Converter Shaft
25. Lube Orifice Plug
26. Lip-Type Seal
27. Internal-Snap Ring
28. Seal Ring
29. Bearing Retainer
30. Single-RowBall Bearing
31. Charging Oil Pumpand Implement PumpDrive

Gear
32. Single-RowBall Bearing
33. Not Used in This Group
34. Converter Housing Assembly
35. Plug - % NPTF
36. Plug - 1 NPTF
37. Converter Housing
38. Plug - ~ NPTF
39. Oil Pumpand Implement PumpDrive Idler Gear

Assembly
40. Single-RowBall Bearing
41. Oil Pumpand Implement PumpDrive Idler Gear
42. Oil Pumpand Implement PumpDrive Idler Spindle
43. Hexagon-Head, Self-Locking Capscrew -

K6 x 14 x 1%

A TORQUE CONVERTER
HOUSING

L..... Fig. 57 - Torque Converter Housing and ___1

Implement Drive Assembly - Legend

A - TORQUECONVERTERHOUSING

1. Converter Seal Ring
2. Oil Seal
3. Diaphragm
4. Expansion Plug

B - TORQUECONVERTERHOUSING, OIL PUMP
AND IMPLEMENTPUMPDRIVE

1. Lockwasher- %
2. Hexagon Nut - %-24
3. Pin
4. LubePressureRegulatorValve RubberSealWasher
5. LubePressureRegulatorValve
6. Spring
7. Valve Cover Gasket
8. Valve Cover
9. Hexagon-Head Capscrew - %-16 x 34
10. Lockwasher- %
11. Drain Tube Flange Gasket
12. Drain Tube Flange
13. Lockwasher- %
14. Hexagon-Head Capscrew - %-16 x 2~
15. Drain Tube HoseClamp, Type "E"
16. Drain Tube Hose
17. Drain Tube
18. Hook-Type Seal Ring
19. Converter Ground Sleeve

WEAR LIMITSDATA

Item6 Spring - 35.1 ± 3.5 Ib at 2.000 in Operating
Height
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G. Torque Converter Housing

1. Disassembly (Fig. 57)

Position the torque converter housing (B-37) on the
work table with the rear side down. Place a piece
of bar stock across the oil seal (A-2) and the
diaphragm (A-3).Drive the seal and the diaphragm
toward the rear of the housing.

2. Assembly (Fig. 57)

a. Coat the outer diameter of a new oil seal
(A-2)with Permatex and install it into a new
diaphragm (3). Coat the outer diameter of
the diaphragm with Permatex.

b. Position the torque converter housing (B-37)
on the work table with the rear side up.
Install the seal and diaphragm assembly
into the housing. Place a soft hammer on
the shoulder near the outer diameter of the
diaphragm (3) and tap on the hammer to
seat the diaphragm in the housing.

H. Input Driven Charging Oil Pump

1. Disassembly (Fig.60)

a. Remove the capscrews (30) and lockwash
ers (31) from the oil pump cover assembly
(32) and separate the pump assembly. Re
move the gasket (36).

b. Remove the oil pump drive gear (37) and
the oil pump driven gear (38) from the oil
pump body (41).

c. Do not remove the needle bearings (35
and 40) unless replacement is necessary.
Press or drive out the bearings (40) to re
move them. The bearings (35) will have to
be pried out.

2. Cleaning, Inspection, and Wear Limits

Refer to Topic 4 for cleaning and inspection.

Refer to Fig. 60 for wear limits.

•Fig. 59 - Installing Converter Ground Sleeve

3. Assembly (Fig.60)

a. If the needle bearings (35 and 40) were
removed, install new bearings by pressing
on the lettered end. Press the bearings (35)
to 0.090" below the split line surface. Press
the bearings (40) to 0.090" below the gear
sprocket surface.
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b. Install the pump drive gear (37) and the
oil pump driven gear (38) into the oil
pump body (41). Install the gasket (36)
into the oil pump body (41).

c. Install the oil pump cover assembly (32)
onto the oil pump body and secure the
assembly with the capscrews (30) and
lockwashers (31).

I. Valve Bodies

1. Selector Valve Disassembly (Fig. 60)

a. Remove the cutoff valve retainer plug (15)
from the selector body (35).

b. Remove the valve cup spring (16), the
clutch cutoff valve piston cup (17), the seal
ring (18), the clutch cutoff valve plug (19),
the gasket (20), the clutch cutoff valve (21),
the pin (22), and the spring (23).

c. Remove the plug (6), the copper gasket
(7), the pin (8), the spring (9), and one
detent ba II (10) from the bottom of the
selector valve body (35).

d. Remove the cup (29). Tap on the linkage
end of the forward and reverse valve (28)
and remove the valve (Fig. 61). Remove
the remaining detent ball (10) and the
spring (9).

e. Remove the pin (11) from the selector valve
body (35) by using an "Easy Out" to screw
the pin out. If this method is not successful,
use a 1,4 x 20" tap to thread the pin. Install
a 1,4 x 20" adapter into the pin and use a
slide hammer to remove the pin. Remove
the sleeve (25).

f. Drive the seal (13) toward the linkage end
of the valve bore.

g. Remove the plug (6), the copper gasket
(7), the pin (8), the spring (9), and the de
tent ball (10) from the top of the selector
valve body (35).

h. Remove the range selector valve assembly
(31). Collapse the seal (12) and remove it

SElECTOJ~l:~ODY

/ ---,
.: Y5f:iji;:..:'\ ''''w::::~:,~~.''''

.~~

~ .~
FORWARD AND REVERSEVALVE

Fig. 61 - Removing (or Installing) Forward and
Reverse Valve Sleeve

from the valve bore. Do not remove the
plug (30) unless replacement is necessary.

i. Remove the remaining detent ball (10) and
spring (9).

2. Main Pressure Regulator Valve
Disassembly (Fig. 60)

a. Remove the plug (40) and gasket (41) from
the main pressure regulator valve body.

b. Remove the main pressure regulator valve
assembly (42). V

c. Remove the shim (47) and the spring (48)
from the main pressure regulator valve
body (49).

3. Cleaning, Inspection, and Wear Limits

Refer to Topic 4 for cleaning and inspection.

Refer to Fig. 60 for wear limits.

4. Main Pressure Regulator Valve,
Assembly (Fig. 60)

a. Install the spring (48) and the shim (47)
into the main pressure regulator valve
body (49).

b. Install the valve assembly (42) into the
valve body (49) and secure the valve with
the plug (40) and gasket (41).
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5. Selector Valve, Assembly (Fig. 60)

a. If the plug (30) was removed, install the
plug into the valve body bore and position
it against the shoulder in the bore.

b. Install the spring (9) and the detent ball
(10) into the top of the selector valve
body (35).

c. Install the range selector valve assembly
(31).

d. Install the remaining detent ball (10), the
detent spring (9), the pin (8), the gasket
(7), and the plug (6) into the top of the
valve body (35).

n

e. Grease the seal (12) and the exposed por
tion of the valve assembly (31). Use oil
soluble grease. Place the seal on the valve,
spring loaded side next to the valve body.
Using care to prevent damage to the lip
of the seal, install the seal into its bore in
the valve body. Position the seal in the
bore 0.00 to 0.06" below the valve body
surface.

f. Install the sleeve (25) into the valve body
(35). Align the spring pin hole in the sleeve
with the spring pin hole in the valve body.

g. Install the pin (11) into the valve body (35)
flush with the valve body mounting surface.

h. Install cup (29) into the valve body (35).
Install the detent spring (9) into the ball
(10) into the bottom of the selector valve
body (35).

i. Install the remaining detent ball (10) and
the spring (9). Install the pin (8), the gasket
(7), and the plug (6).

j. Grease the seal (13) and the exposed por
tion of the forward and reverse valve
assembly (26). Use oil soluble grease. Place
the seal (13) on the valve assembly (26),
the spring-loaded lip of the seal facing the
valve body (35). Using care to prevent
damage to the lip of the seal, install the
seal into its bore in the valve body. Position
the seal in the bore 0.40 to 0.46" below
the valve body surface.

k. Install the clutch cutoff valve spring (23),
the pin (22), the clutch cutoff valve (21), the
gasket (20), the clutch cutoff valve plug
(19), the seal ring (18), the clutch cutoff
valve position cup (17), the valve cup spring
(16), and the clutch cutoff valve retaining
plug (15).

J. Front Output Flange and Brake

The front output flange and brake was completely
disassembled in Par. B, and assembled in Par. C.
Refer to Topic 4 for cleaning and inspection. Refer
to Fig. 145 for wear limits.

A. General

7. TRANSMISSION CENTER GROUP

While the procedures in this Topic cover the Cen
ter Group (Fig. 62) only, it is recommended that
the entire transmission be disassembled for inspec
tion and cleaning whenever it is necessary to over
haul any group.

It will be necessary to remove the transmission Rear
Group in order to rebuild the Center Group.

B. Center Group, Disassembly

1. Remove the thrust washer (Fig. 63), the pis
ton return spring guides, and the springs.

2. Removethe five external and the four inter
nal splined reverse clutch plates (Fig. 64).
Note the clutch plate positioning ring.

3. Remove the reverse planetary carrier as
sembly (Fig. 65) and the remaining clutch
plate. Remove the forward sun gear.

4. Remove the forward sun gear thrust washer
(Fig. 66). Removethe clutch anchor pin from
the transmission housing.

5. Using wire lifting hooks (Fig. 67), remove
the forward and reverse clutch anchor.
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.__ Fig. 62 - Transmission Center Group -l

1. Reverse Clutch
2. Forward- and Reverse-Clutch Anchor
3. Forward Clutch
4. Forward Piston
5. Intermediate-Range Clutch Housing
6. High-Range Piston
7. High-Range Clutch
8. High- and Low-Range Clutch Anchor

9. Transmission Main Shaft
10. High- and Low-Range Piston Return Springs
11. Low-Range Planetary Gearing
12. High-Range Planetary Gearing
13. Intermediate-Range Clutch
14. Forward Planetary Gearing
15. Reverse Planetary Gearing
16. Forward- and Reverse-Piston Return Spring

6. Remove the two internal and the two ex
ternal splined clutch plates (Fig. 68).

7. Attach a lifting sling (Fig. 69) to the front
lifting hole in the transmission housing and
position the transmission on the work table
with the front end up. Block under the
flange to level it. Remove the eighteen cap
screws and lockwashers.

8. Attach a lifting sling (Fig. 70) to the center
of the transfer gear housing and raise the
transfer gear housing assembly. Remove
the gasket. Remove the twelve low range
springs and the spring guides.

9. Remove the two external and the one in
ternal splined low range clutch plates (Fig.
71). Remove the clutch anchor pin. Remove

the snap ring. Remove the low range ring
gear.

10. Remove the low range planetary carrier
assembly (Fig. 72), the thrust washer, and
the low range sun gear. Remove the re
maining low range clutch plates (four ex
ternal and three internal splined).

11. Remove the high and low range clutch
anchor (Fig. 73).

12. Remove the two external and the two in
ternal splined high range clutch plates
(Fig. 74). Removethe high range ring gear.
Remove the remaining clutch plates (one
internal and one internal splined).
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I
Fig. 63 - Remove Piston Return Springs

1. Thrust Washer
2. Piston Return Spring Guides
3. Sprngs

n

1. External Splined Reverse Clutch Plates (5)
2. Internal Splined Reverse Clutch Plates (4)
3. Clutch Plate Positioning Ring

n

......__ Fig. 65 - Remove Reverse Planetary __ --'
Carrier Assembly

1. Reverse Planetary Carrier Assembly
2. Clutch Plate
3. Forward Sun Gear

,-- __ Fig. 66 - Remove Forward Sun Gear __ ___J

Thrust Washer
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1. Forward Sun Gear Thrust Washer
2. Clutch Anchor Pin



1
,- __ Fig. 67 - Remove Forward and Reverse__ ......

Clutch Anchor

1. Wire Lifting Hooks
2. Forward and Reverse Clutch Anchor

, . Fig. 68 - Remove Forward Clutch Plates

1. Internal Splined Clutch Plate (2)
2. External Splined Clutch Plate (2)

13. Using a wrench (Fig. 75), remove the high
range piston housing retainer capscrew.
Remove the high range piston and hous
ing assembly.

1. Lifting Sling
2. Capscrews and Lockwashers

t-- .: "
~ ••••. !.,$...~-~-',/

Fig. 70 - Remove Transfer Gear Housing

1. Lifting Sling
2. Gasket
3. Low Range Springs and Spring Guides

14. Remove the high range piston (Fig. 76)
from the piston housing. Remove the piston
seals from the piston.

15. Remove the internal snap ring (Fig. 77)
from the intermediate range clutch hub.
Remove the high range planetary carrier
assembly.
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... r!f '~
~ '"Fig. 7J - Remove Low Range Clutch Plates

1. External Splined Low Range Clutch Plates
2. Internal Splined Low Range Clutch Plates
3. Clutch Anchor Pin
4. Snap Ring
5. Low Range Ring Gear

" •

(J

Fig. 72 - Remove Low Range Planetary
Carrier Assembly

1. Low Range Planetary Carrier Assembly
2. Thrust Washer
3. Low Range Sun Gear
4. Low Range Clutch Plates

16. Remove the transmission main shaft and
attached parts (Fig. 78). Remove the snap
ring from the shaft.

1. High and Low Range Clutch Anchor

• •

1. External Splined High Range Clutch Plate
2. Internal Splined High Range Clutch Plate
3. High Range Ring Gear
4. Clutch Plates

17. Remove the intermediate range clutch hub
(Fig. 79) and the high range sun gear. Re
move the snap ring from the transmission
main shaft.
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Fig. 75 - Remove High Range Piston Housing
Retainer Capscrew

1. Wrench
2. High Range Piston and Housing Assembly

~ __ Fig. 76 - Remove High Range Piston _
and Housing

1. High Range Piston
2. Piston Housing
3. Piston Seals

18. Remove the five internal and the four ex
ternal splined intermediate range clutch
plates (Fig. 80). Remove the snap ring from
the forward carrier shaft.

Fig. 77 - Remove Intermediate Range Clutch
Hub Snap Ring

1. Internal Snap Ring
2. High Range Planetary Carrier Assembly

1. Transmission Main Shaft
2. Snap Ring

19. Install the external splined clutch plate
(Fig. 81) and snap the ring into the inter
mediate range clutch drum. Grasp the plate
and remove the drum assembly.

20. Using a soft drift (Fig. 82) and block, tap
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n

Fig. 79 - Disassemble Intermediate Range Clutch
Hub and High Range Sun Gear

1. Intermediate Range Clutch Hub
2. High Range Sun Gear
3. Snap Ring

n

.
L..-__ Fig. 80 - Remove Intermediate Range __ ....

Clutch Plates

1. Internal Splined Intermediate Range Clutch Plates (5)
2. External Splined Intermediate Range Clutch Plates (4)
3. Snap Ring

on the forward carrier shaft.

n CAUTION: Be certain that the transmission
housing (4) is blocked sufficiently high to
allow the forward range carrier to drop out.

- Remove Intermediate Range
Clutch Drum

1. External Splined Clutch Plate
2. Ring
3. Drum Assembly

Fig. 82 - Remove Forward Range Carrier Shaft

1. Drift
2. Block
3. Forward Carrier Shaft

21. Position the transmission housing (Fig. 83)
on its side and remove the self-locking cap
screws and the two bearing retainers. Re
move one external and one internal splined
forward clutch plates. Remove the forward
ring gear.
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CO> C. Center Group, Assembly
//

Fig. 83 - Remove Forward Range Clutch Plates

1. Transmission Housing
2. Self-Locking Capscrew
3. Bearing Retainer
4. External Splined Forward Clutch Plate
5. Internal Splined Forward Clutch Plate
6. Forward Ring Gear

1. Transmission Housing
2. Forward Piston
3. Seal Rings

22. Position the transmission housing (Fig. 84)
on the work table with the piston up and
remove the forward piston. Removethe seal
rings from the piston.

1. Transmission Housing
2. Hub
3. Bearing
4. Bearing Retainer

;

\

loot ..
Fig. 86 - Install Forward Piston and Seal Rings

1. Retainer
2. Self-Locking Capscrew
3. Piston Seal Rings
4. Forward Piston

1. Position the transmission housing (Fig. 85),
rear end up, on wooden blocks. If the hub
and the bearings were removed, press the
hub and the bearing toward the rear of the
housing aligning the capscrew holes. Install
the two bearing retainers.

2. Secure both retainers (Fig. 86) with the self- \..I
locking capscrews. Oil the piston seal rings
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1. External Splined Forward Clutch Plate
2. Internal Splined Forward Clutch Plate
3. Forward Ring Gear
4. Positioning Ring
5. Housing

1. Forward Carrier Assembly
2. Drift
3. Carrier Web

and install them on the forward piston.
Install the piston into the housing.

3. Install one external (Fig. 87) and one in
ternal splined forward clutch plate. Install

..
'-- __ Fig. 89 - Install Intermediate Range __ --'

Clutch Housing

1. Transmission Housing
2. Seal Rings (Hook Type)
3. Intermediate Range Clutch Housing
4. Forward Carrier Hub

Fig. 90 - Assemble Main Shaft, High Range Sun
Gear, and Intermediate Range Clutch Hub

1. Snap ring
2. Transmission Main Shaft
3. High Range Sun Gear
4. Intermediate Range Clutch Hub
5. Snap Ring

the forward ring gear with the positioning
ring toward the rear of the housing.

10-55



-Fig. 91 - Install Main Shaft Into Forward
Carrier Hub

1. Transmission Main Shaft
2. Forward Carrier Hub
3. Bushing

'-- __ Fig. 92 - Install Intermediate Range __ ......J

Clutch Plates

1. Internal Splined Intermediate Range Clutch Plate
2. External Splined Intermediate Range Clutch Plate

4. Install the forward carrier assembly (Fig.
88) aligning the pinions with the internal
splines of the forward ring gear. Using a
soft drift on the carrier web, seat the carrier
in its bearing.
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'-- __ Fig. 93 - Install High Range Carrier __ ---I

Assembly and Piston

1. High Range Carrier Assembly
2. Internal Snap Ring
3. High Range Piston
4. Piston Housing
5. Capscrew Holes

._
1 •

: •.•. 41!.• '-
Fig. 94 - Install High Range Clutch Plates

and RingGear

•

1. High Range Piston Retainer Capscrew
2. External Splined High Range Clutch Plate
3. Internal Splined High Range Clutch Plate
4. High Range Ring Gear

5. Turn the transmission housing (Fig. 89) over
to rest on its rear surface. Install and grease
the hook type seal rings. Install the inter-



n

Fig. 95 - Install High Range Clutch Plates

1. External Splined High Range Clutch Plate
2. Internal Splined High Range Clutch Plate

'-- __ Fig. 96 - Install
Clutch Anchor

1. High and Low Range Clutch Anchor
2. Slot
3. Hole
4. Pin
5. Tang

mediate range clutch housing onto the for
ward carrier hub.

6. Install the snap ring (Fig. 90) on the trans
mission main shaft. Install the high range
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sun gear and the intermediate range clutch
hub. Secure the hub with the snap ring.

7. Install the transmission main shaft and at
tached parts (Fig. 91) into the forward
carrier hub. Be careful not to damage the
bushing.

8. Beginning with an internal splined plate
(Fig. 92), alternately install five internal and
four external splined intermediate range
clutch plates.

9. Install the high range carrier assembly (Fig.
93) and secure it with the internal snap
ring. Install the high range piston into the
piston housing. Install the piston housing
assembly aligning the capscrew holes.

10. Install the high range piston retainer cop
screw (Fig. 94). Install one external and one
internal splined high range clutch plates.
Install the high range ring gear with the
short splines down.

11. Beginning with an external splined plate
(Fig. 95), alternately install two external
and two internal splined high range clutch
plates. Align the splines of the external
splined plates.

12. Install the high and low range clutch anchor
(Fig. 96), aligning the slot with the hole. Be
sure that the pins align with the slotted
tangs.

13. Install the clutch anchor pin (Fig. 97). Install
the low range sun gear, the thrust washer,
and the low range planetary carrier as
sembly, aligning the carrier pinions with
the sun gear.

14. Grasp the shaft (Fig. 98) and pull upward
to install the snap ring. Beginning with an
internal splined plate, alternately install
four internal and three external splined low
range clutch plates. Install the low range
ring gear with the short splines up.

15. Install the remaining internal (Fig. 99) and
the two external splined low range clutch
plates.

---------------------------------- ---- --- ---



Fig. 97 - Install Low Range Sun Gear, Thrust
Washer and Planetary Carrier Assembly

1. Clutch Anchor Pin
2. Low Range Sun Gear
3. Thrust Washer
4. Low Range Planetary Carrier Assembly

Fig. 98 - Install Low Range Clutch Plates and
Ring Gear

1. Shaft
2. Snap Ring
3. Internal Splined Low Range Clutch Plate
4. External Splined Low Range Clutch Plate
5. Low Range Ring Gear

16. Install the twelve clutch return springs (Fig.
100) and the guide pins into their recesses
in the high and low range clutch anchor.
Install the gasket. All springs should be of

Fig. 99 - Install Low Range Clutch Plates

1. Internal Splined Low Range Clutch Plates
2. External Splined -low Range ·Clutch Plates

Fig. lOa - Install Clutch Return Springs, and
High and Low Range Clutch Anchor

1. Clutch Return Spring (12)
2. Guide Pin
3. Gasket

equal height. If they are not, an external
splined plate is out of position.

17. Attach a lifting sling (Fig. 101) to the center
of the transfer gear housing and lower it
onto the transmission housing, being certain ~
that the springs remain straight and that
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Fig. JOJ - Positioning Transfer Gear Housing
for Installation on Transmission Housing

1. Lifting Sling
2. Transfer Gear Housing
3. Transmission Housing
4. Spring

J02 - Positioning Transmission on __ ~
Front Surface

1. Lifting Sling
2. Front Lifting Hole
3. Rear Split Line
4. Wooden Blocks

the capscrew holes are aligned. Install the
eighteen capscrews and lockwashers at
the split line. Place wood blocks under the
housing.

18. First, attach a lifting sling (Fig. 102) to the

J03 - Install Thrust Washer and
Forward Clutch Plates

1. Thrust Washer
2. Internal Splined Forward Clutch Plates
3. External Splined Forward Clutch Plates

Fig. J04 - Inst:a/;/-::~~~~~
Forward and Reverse Clutch AncnCJr

1. Forward Sun Gear
2. External Splined Clutch Plate Tang
3. Anchor Pin
4. Wire Lifting Hooks
5. Forward and Reverse Clutch Anchor
6. Aligning Pin Slot
7. Hole

front lifting hole and raise the transmission
to a vertical position. Next, attach the lift
ing sling to the rear split line and lower the
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Fig. 105 - Install Reverse Carrier Assembly

1. Clutch Anchor Pin
2. Internal Splined Reverse Clutch Plate
3. Reverse Carrier Assembly

, /

~~ A
106 - Install Reverse Clutch Plates

1. External Splined Reverse Clutch Plate
2. Internal Splined Reverse Clutch Plate

transmission to rest on its front surface. Use
wooden blocks to level the transmission.

19. Install the thrustwasher (Fig. 103) inside
the forward carrier. Beginning with an ex-

ternal splined clutch plate, alternately in
stall two internal and two external splined
forward clutch plates.

20. Install the forward sun gear (Fig. 104) with
the flat side up. Align the external splined
clutch plate tangs with the anchor pins.
Using wire lifting hooks, install the forward
and reverse clutch anchor, aligning pin slot
with hole.

21. Install the clutch anchor pin (Fig. 105).
Install one internal splined reverse clutch
plate. Install the reverse carrier assembly
with the short splines down.

22. Beginning with an external splined plate,
alternately install five external (Fig. 105),
and four internal splined reverse clutch
plates.

D. Forward and Reverse Range
Planetaries and Clutches

1. General

All items, except 7 and 22, Fig. 107, are disassem- V
bled in Par. B, in this Topic.

2. Reverse Planetary Carrier,
Disassembly (Fig. 107)

a. Using a drill of slightly smaller diameter
than the outside diameter of the planetary
spindle pin (10), drill a hole in one end of
each pin to weaken the staking.

b. Press on the drilled end of each pin (10) to
remove them from the planetary carrier
(13) and the planetary hub (8).

c. Remove the pinion rollers (9), the thrust
washers (11), and the planetary pinions
(12).

3. Forward Planetary Carrier,
Disassembly (Fig. 107)

a. Remove the snap ring (29) and separate
the reverse ring gear (21) from the carrier
assembly (22). V
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FORWARD AND RFVERS£ PlANETARI£S
AND CLUTCHES

1. Spacer 20. Thrust Washer
2. Clutch Apply Piston 21. Reverse Ring Gear
3. Seal Ring 22. Forward Planetary Carrier Assembly
4. Seal Ring 23. Planetary Pinion Roller
5. External-Splined Clutch Plate 24. Bushingn 6. Internal-Splined Clutch Plate 25. Forward Planetary Carrier
7. Reverse Planetary Carrier Assembly 26. Forward Planetary Pinion
8. Reverse Planetary Hub 27. Pinion Thrust Washer
9. Planetary Pinion Roller 28. Planetary Spindle Pin
10. Planetary Spindle Pin 29. Internal-Snap Ring
11. Pinion Thrust Washer 30. Forward Ring Gear
12. Planetary Pinion 31. Seal Ring
13. Planetary Carrier 32. Forward Clutch Apply Piston
14. Forward Sun Gear 33. Seal Ring
15. Spring Guide Pin 34. Hexagon Head, Self-Locking Capscrew-
16. Piston Return Spring %-16 x Ya
17. Reverse Clutch Anchor 35. Bearing Retainer
18. Internal-Splined Forward Clutch Plate 36. Single-Row Ball Bearing
19. External-Splined Forward Clutch Plate 37. Oil Transfer Hub

L.... Fig. J07 - Forward and ReversePlanetaries
and Clutches - Legend

Item WEAR LIMITSDATA

5 External-splined Clutch Plate - Thickness ~:~~; in., 0.097 in. Minimum, Cone, 0.030 in. Maximum

6 Internal-splined Clutch Plate - Thickness ~:~~~ in., 0.130 in. Minimum, Cone 0.012 in. Maximum

7 Reverse Planetary Carrier Assembly - Gear End Clearance with Unit Assembled, 0.55 in. Maximum
16 Piston Return Spring - 16.0 = 1.6 lb. at 5.34 in. Operating Height
17 Reverse Clutch Anchor - Face Wear 0.020 in. Maximum
20 Thrust Washer - Thickness 0.90-0.75 in.
22 Forward Planetary Carrier Assembly - Gear End Clearance with Unit Assembled, 0.55 in. Maximum
24 Bushing - Clearance with Transmission Main Shaft - 0.010 in. Maximum. (See Item 17, Fig. 111)

Total Clutch Wear Permissible - Forward 0.162 in. Maximum
Reverse 0.307 in. Maximum

Groove Depth in Internal-splined Plates - Not Less Than 0.005 in.
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4. Cleaning, Inspection, and
Wear Limits

Refer to Topic 4 for cleaning and inspection. All
clutch plates should be inspected to determine the V
amount and the direction of cone. Place the plate
on a flat surface and lay a straight edge across the
plate (Fig. 108).Measure the amount of cone by
placing a thickness gauge between the straight
edge and the inside diameter of the plate. When
assembling the plates, be sure that the cone of each
plate is installed in the same direction. Refer to Fig.
107for wear limits.

Fig. J08 - Method of Determining Amount and
Direction of Clutch Plate Cone

b. Using a drill of slightly smaller diameter
than the outside diameter of the planetary
spindle pin (28), drill a hole in one end of
each spindle to weaken the staking. 5. Forward Planetary Carrier,

Assembly (Fig. 107)
c. Press on the drilled end of each pin (28) to

remove them from the planetary carrier
(25).

a. If the bushing (24) was removed, press in a
new bushing to the depth shown in Fig. 109.

d. Remove the planetary pinion rollers (23),
the thrust washers (27), and the planetary
pinions (26).

b. Grease the pinion thrust washers (27) and
install one on one end of each planetary
pinion (26).

e. If necessary for parts replacement, use a
soft drift and hammer to drive the bushing
(24) toward the large opening in the
carrier (25).

c. Grease the bores of the planetary pinions
(26) and install twenty pinion rollers (23)
into each pinion. An aligning tool placed in
the bore of the pinion will facilitate this

0.092 ---'.......-'11"1

BEFORE
STAKING

SECTION AA PIN-(6) __ --J

STAKE WITH OCTAGON PUNCH BOTH
SIDES 6 PLACES GEARS MUST TURN FREELY

~---- Fig. J09 - Forward Planetary Carrier ......1

Cross Section
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L-- Fig. 110 - Reverse Planetary Carrier --1

Cross Section

installation. The tool can be made by grind
ing a discarded spindle pin to 0.005/1
undersize.

n Install a pinion thrust washer (27) on the
other end of each planetary pinion (26).

d. Install, as a unit, the pinions, the rollers,
and the washers into the planetary carrier
(25).

e. Align the bores in the pinions with the bores
in the carrier and press the planetary
spindle pins (28) into the carrier (25) to the
dimensions shown in Fig. 109. Stake both
sides of each spindle pin with an octagon
punch. Check each pinion after staking it
to see that they rotate freely.

f. Install the reverse ring gear (21) onto the
forward planetary carrier assembly (22)
and secure it with the snap ring (29).

n

1+--+1-- 0.14
5. BEFORE

STAKING
ENLARGED VI EW

4 X SIZE

1. HUB ASSEMBLY--~
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6. Reverse Planetary Carrier,
Assembly (Fig. 107)

a. Grease the pinion thrust washers (11) and
install one on one end of each planetary
pinion (12).

b. Grease the bores of the pinions (12) and
install twenty-two pinion rollers (9) onto
each pinion. An aligning tool placed in the
bore of the pinion will facilitate this installa
tion. The tool can be made by grinding a
discarded spindle pin to 0.005" undersize.
Install a pinion thrust washer (11) on the
other end of each planetary pinion (12).

c. Install, as a unit, the pinions, the rollers, and
the washers into the planetary carrier (13).

d. Align the bores in the pinions with the bores
in the carrier and planetary hub (8) and
press new spindle pins (10) into the carrier

"_A

VIEW AT A

PIN-(4)
7. STAKE WITH OCTAGON

PUNCH BOTH SIDES 4PLACES
GEARS MUST TURN FREELY

6. CARRIER



INTERMEDIATE' RANGE CLUTCH AND
TRANSMISSION MAIN SHAFT

B

L- Fig. J J J - Transmission Housing, Intermediate
Range Clutch, and Transmission Main

Shaft - Legend

A - TRANSMISSION HOUSING

1. Converter Housing Gasket 7. Lockwasher - K6
2. Breather B. Hexagon-Head Capscrew - K6-14 x 1%
3. Lock Washer - K6 9. Low-and High-Range Clutch Anchor Pin
4. Hexagon-Head Capscrew - K6-14 x 1% 10. Lockwasher - %
5. Transmission Housing 11. Hexagon-Head Capscrew - %-16 x 1~
6. Transmission Housing Gasket 12. Forward and Reverse Clutch Anchor Pin

B - INTERMEDIATE-RANGECLUTCHAND TRANSMISSION MAIN SHAFT

1. Hook-Type Seal Ring
2. Intermediate-Range Clutch Drum Assembly
3. Pin, ~ x ~
4. Drum
5. Hook-Type Seal Ring
6. Piston Outer-Seal Ring
7. Intermediate-Range Clutch Apply Piston Assembly
8. Ball
9. Intermediate Range Clutch Apply Piston
10. Piston Belleville Return Spring

11. Spring Retainer Snap Ring
12. Drum Retainer Snap Ring
13. Hub Retainer Snap Ring
14. Intermediate-Range Clutch Hub
15. High-Range Sun Gear
16. Sun Gear Retainer Snap Ring
17. Transmission Main Shaft
18. Internal-Splined Clutch Plate
19. External-Splined Clutch Plate

Item WEAR LIMITSDATA

9 Intermediate-range Clutch Apply Piston - Face Wear 0.010 in. Maximum

10 Piston Belleville Return Spring - Free Height at ~:~~: in.

18 Internal-splined Clutch Plate - Thickness ~:;;~ ln., 0.130 in. Minimum, Cone 0.012 in. Maximum

19 External-splined Clutch Plate - Thickness ~:~~~ in., 0.197 in. Minimum, Cone 0.030 in. Maximum

Total Clutch Wear Permissible - o.oeo in. Maximum
Groove Depth in Internal-splined Plates - Not Less Than 0.005 in.
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Fig. 112 - Removing (or Installing) Intermediate
Range Clutch Snap Ring

INTERMEDIA TE·RANGE
CLUTCH DRUM

Fig. 113 - Removing (or Installing) Intermediate
Range Piston Assembly

n
(13) and the hub (8) to the dimension shown
in Fig. 110. Stake both sides of each spindle
pin with an octagon punch. Check each
pinion after staking to see that it rotates
freely.

E. Intermediate Range Clutch and
Transmission Main Shaft

1. General

All items, except 1 through 11, Fig. 111, are re
moved in Par. B, in this Topic.

2. Intermediate Range Clutch and
Transmission Main Shaft,
Disassembly (Fig. 111)

a. Remove the two hook type seal rings (1)
from the intermediate clutch drum (4).

b. Place the intermediate range clutch drum
assembly on wooden blocks (Fig. 112).
Place a steel plate, similar to the one shown
in Fig. 112, under the clutch drum. This
plate, and the one shown in Fig. 112, must
have a %" hole drilled through the center
for the spring depressing capscrew. Place
a press tool on the spring (Fig. 112). Install
a capscrew and nut through the bottom
steel plate (not shown), the press tool, and
the top steel plate. Tighten the nut to de
press the spring (Fig. 112).

c. Usingsnap ring pliers, remove the spring re
tainer snap ring and remove the press tool.

d. Remove the piston return spring.

e. Remove the intermediate range piston as
sembly and remove the seal ring from the
piston. Removethe hook type seal ring from
the drum (Fig. 113).

3. Cleaning, Inspection, and Wear Limits

Refer to Topic 4 for cleaning and inspection.

Refer to Fig. 111 for wear limits.

4. Intermediate Range Clutch and
Transmission Main Shaft,
Assembly (Fig. 111)

a. Install the seal ring onto the intermediate
range piston (Fig. 113). Install the hook
type seal ring onto the intermediate range
clutch drum.
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I.- Fig. 114 - High and Low Range Planetaries __'
and Clutches

1. High-Range Planetary Carrier Assembly 17. Piston Return Spring
2. Planetary-Pinion Roller ia Spring Guide Pin
3. Planetary Pinion Pin 19. External-Splined, low-Range Clutch Plate
4. Pinion Thrust Washer 20. Internal-Splined, low-Range Clutch Plate
5. Planetary Carrier Pinion 21. low-Range Planetary Ring Gear
6. High-Range Carrier 22. Thrust Washer
7. Carrier Retainer Snap Ring 23. low-Range Planetary Carrier Assembly
B. High-Range Piston Housing 24. Pinion Thrust Washer
9. low-Range Sun Gear 25. low-Range Planetary Pinion
10. Piston Outer-Seal Ring 26. Planetary Pinion Roller
11. High-Range Clutch Piston 27. Planetary Pinion Pin
12. Piston Inner-Seal Ring 2B. Planetary Carrier
13. External-Splined Clutch Plate 29. Carrier Retainer Snap Ring
14. Internal-Splined Clutch Plate 30. Piston Outer-Seal Ring
15. High-Range Planetary Ring Gear 31. low-Range Planetary Piston
16. High- and low-Range Clutch Anchor 32. Piston Inner Hook-Type Seal Ring

Item WEAR LIMITSDATA

High-range Carrier Assembly-gear End Clearance with Unit Assembled, 0.055 in. Maximum
6 High-range Carrier - Reaction Surface Face Wear, 0.010 in. Maximum

13, 19 External-splined, low- and High-range Clutch Plate - Thickness ~:~~~ in., 0.097 in. Minimum, Cone 0.030 in. Maximum

14, 20 Internal-splined low- and High-range Clutch Plate - Thickness ~:~~~ in., 0.130 in. Minimum,Cone 0.012 in. Maximum

16 High- and low-range Clutch Anchor - Face Wear 0.020 in. Maximum
17 Piston Return Spring - 16.0 = 1.6 lb. at 5.34 in. Operating Height
22 Thrust Washer - Thickness 0.126-0.122 in., 0.112 in. Maximum
23 low-range Planetary Carrier Assembly - Gear End Clearance with Unit Assembled, 0.035 in. Maximum

Total Clutch Wear Permissible - High Range, 0.062 in.
- low Range, 0.134 in.

Groove Depth in Internal-splined Plates - Not less Than 0.005 in.
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n

n

b. Install the piston into the clutch drum (Fig.
113). Install the piston return spring (10),
convex side up.

c. Install the press tool (refer to Step 2 in the
disassembly procedures) and install the
snap ring (Fig. 112).

d. Install the two hook type seal rings (1) onto
the intermediate range clutch drum.

F. High and LowRange Planetaries
and Clutches

1. General

All items, except 1 and 23, Fig. 114, were disas
sembled in Par. B, in this Topic.

2. High Range Planetary Carrier,
Disassembly (Fig. 114)

a. Using a drill of slightly smaller diameter
than the outside diameter of the planetary

pinion pin (3), drill a hole in one end of
each pin to weaken the staking.

b. Press on the drilled end of each pin (3) to
remove them from the planetary carrier (6).

c. Remove the pinion rollers (2), the pinion
thrust washers (4) and the planetary pin
ions (5).

3. LowRange Planetary Carrier,
Disassembly (Fig. 114)

a. Using a drill of slightly smaller diameter
than the outside diameter of the planetary
pinion pin (27), drill a hole in one end of
each pin to weaken the staking.

b. Press on the drilled end of each pin to re
move it from the planetary carrier (28).

c. Remove the pinion rollers (26), the pinion
thrust washers (24), and the planetary pin
ions (25).

ENLARGED VIEW
4X SIZE

L..-- Fig. 115 - High Range Planetary Carrier - ~
Cross Section

CARRIER
ROLLER (120)

GEAR (6)

WASHER (12)
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PIN-(6)
STAKE WITH OCTAGON

PUNCH BOTH SIDES 6 PLACES
GEARS MUST TURN FREELY



4. Cleaning, Inspection, and Wear Limits

Refer to Topic 4 for cleaning and inspection.

Refer to Fig. 114 for wear limits.

5. High Range Planetary Carrier,
Assembly (Fig. 114)

a. Grease the pinion thrust washers (4) and
install one on one end of each planetary
pinion (5).

b. Grease the bores of the planetary pinions
(5) and install twenty rollers (2) into each
pinion. An aligning tool placed in the bore
of the pinion will facilitate this installation.
The tool can be made by grinding a dis
carded spindle pin to 0.005" undersize.
Install a pinion thrust washer (4) on the
other end of each planetary pinion (5).

c. Install, as a unit, the pinions, the rollers, and
the washers into the planetary carrier (6).

d. Align the bores in the pinions with the bores
in the carrier and press new spindle pins (3)
into the carrier to the dimension shown in
Fig. 115. Stake both sides of each spindle
pin with octagon punch. Check each pinion
after staking to be sure that it rotates freely.

6. LowRange Planetary Carrier,
Assembly (Fig. 114)

a. Grease the pinion thrust washers (24) and
install one on one end of each planetary
pinion (25).

b. Grease the bores of the planetary pinions
(25) and install sixteen pinion rollers (26)
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IFjFi'~~~L:__- PIN-(6)
STAKE WITH OCTAGON

PUNCHBOTH SIDES 4 PLACES
GEARSMUST TURN FREELY

0.095 BEFORESTAKING

ENLARGED VIEW
4XSIZE

Fig. J J6 - Low Range Planetary Carrier -
Cross Section

into each pinion. An aligning tool placed in
the bore of the pinion will facilitate this
installation. The tool can be made by grind
ing a discarded spindle pin to 0.005"
undersize. Install a pinion thrust washer
(24) on the other end of each planetary
pinion (25).

c. Install, as a unit, the pinions, the rollers, and \.,r
the washers into the planetary carrier (28).

d. Align the bores in the pinions with the bores
in the carrier and press new spindles into
the carrier to the dimensions shown in Fig.
116. Stake both sides of each spindle pin
with an octagon punch. Check each pinion
after staking to see that it rotates freely.

G. Transmission Housing

The transmission housing was completely disassem
bled in Par. 8, and completely assembled in Par.
C. Refer to Topic 4 for cleaning and inspection.



8. TRANSMISSION FRONT GROUP

A. General entire transmission be disassembled for inspection
and cleaning whenever it is necessary to overhaul
any group. In order to rebuild the Center Group,
the Front Group was removed in Topic7.

While the procedures in this Topic cover the Front
Group (Fig. 117) only, it is recommended that the

12

1~
~ .. l.

2 3

8
L- Fig. 1J7 - Transmission Front Group - --'

Cross Section

1. Low Range Piston
2. Transfer Drive Gear
3. Transfer Gear Housing
4. Transfer Idler Gear
5. Transfer Idler Gear Spindle

6. Parking Brake
7. Front Output Flange
8. Front Output Shaft
9.. Transfer Driven Gear
10. Disconnect Coupling

11. Rear Output Shaft
12. Rear Output Flange
13. Shifter Shaft (Output Disconnect)
14. Shifter Fork (Output Disconnect)
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1. Piston Apply Hole
2. Low Range Piston
3. Seal
4. Seal (Hook Type)
5. Lock Strip
6. Flange Retainer Washer

.____ Fig. JJ9 - Remove Rear Output Flange __ -,

1. Puller
2. Rear Output Flange
3. Capscrews and Lockwashers

B. Front Group, Disassembly

1. Use compressed air in the piston apply hole
(Fig. 118) and remove the low range piston.
Remove the seal from the piston. Remove

u

J20 - Remove Searing Retainer and
Shifter Shaft

1. Bearing Retainer Assembly
2. Gasket
3. Shifter Shaft
4. Pipe Plug
5. Seal

1. Shifter Fork
2. Coupling
3. Bearing
4. Shifter Shaft Seal
5. Capscrew and Washer

the hook type seal. Flatten the corners of
the lock strip and remove the two flange
retainer washer capscrews, the lock strip, • I
and the flange retainer washer. "

10-70



•

Fig. J 22 - Disassemb'e Rear Output Shaft

1. Rear Output Disconnect Coupling
2. Detent Balls
3. Spring
4. Bearing

•

...._ Fig. J 23 - Remove Oil Screen --'

1. Oil Screen Cover and Gasket
2. Retainer
3. Oil Screen Assembly

•
2. Using a puller (Fig. 119), remove the rear

output flange. Remove the capscrews and
the lockwashers from the bearing retainer.

3. Remove the bearing retainer assembly (Fig.

33346

Fig. J 24 - Remove Transfer Drive Gear Cover

1. Transfer Gear Housing Assembly
2. Transfer Gear Cover
3. Jackscrews
4. Gasket
5. Transfer Idler Gear Spindle Retainer Washer
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1. Special Tool
2. Transfer Drive Gear and Bearing Assembly

120) and the gasket. Thread the shifter shaft
out of the shifter fork and remove it from
the housing. Remove the pipe plug. Press
the seal toward the inside of the retainer.

4. Using one hand to hold the shifter fork
(Fig. 121) in position, grasp the rear output
shaft with the other hand and remove, as a



L_ __ Fig. J26 - Remove Transfer Idler Gear
---'

1. Transfer Idler Gear and BearingAssembly
2. Transfer Idler Gear Spacer
3. Capscrew and Lockwasher

Fig. J27 - Remove Front Output Searing
Retainer Assembly

1. Transfer Gear HousingAssembly
2. FrontOutput Bearing~etainerAssemblyand Gasket

unit, the shaft, the coupling, and the bear
ing. Remove the shifter shaft seal. Remove
the capscrew and the washer.

5. Remove the rear output disconnect coupling
(Fig. 122) from the rear output shaft. Re
move the two detent balls and the spring.

r

1. Drift
2. Front Output Shaft
3. Bearing
4. Spacer

. J'

J 29 - Remove Transfer Driven

1. Transfer Gear Housing
2. Transfer DrivenGear
3. Bearing

If necessary, remove the bearing from the
shaft.

6. Remove the screen cover and the gasket
(Fig. 123). Remove the retainer and the oil
screen assembly. V
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1. Transfer Gear Housing
2. Bearing
3. Transfer Driven Gear

7. Position the transfer gear housing assembly
(Fig. 124) on its rear surface and level it
with blocks. Remove the capscrews and
lockwashers from the transfer gear cover.
Use jackscrews to loosen the cover. Remove
the cover and the gasket. Remove the cap
screw, the lockwasher, and the transfer
idler gear spindle retainer washer.

8. Using special tool (Fig. 125), remove the
transfer idler gear spindle from the hous
ing. Remove the transfer drive gear and the
bearing assembly.

9. Remove the transfer idler gear and bear
ing assembly (Fig. 126). Remove the trans
fer idler gear spacer. Remove the capscrews
and lockwashers from the bearing retainer.

10. Position the transfer gear housing assembly
(Fig. 127) upright on the work table and
remove the front output bearing retainer
assembly and gasket.

11. Using a hammer and a soft drift (Fig. 128),
tap on the front output shaft and remove
the shaft, the bearing, and the spacer.
NOTE: Use a drift of approximately 1W'
diameter so that the drift will not enter the
pilot bearing diameter of the front output
shaft.

12. Position the transfer gear housing (Fig. 129)

1. Front Output Shaft
2. Bearing
3. Spacer

on its rear surface and move the transfer
driven gear (2). Remove the bearing (3)
from the housing.

c. Front Group, Assembly

1. Position the transfer gear housing (Fig. 130)
on the work table with the rear surface
down and install the bearing. Install the
transfer driven gear into the housing with
the long hub toward the rear of the housing.

2. Install the front output shaft (Fig. 131), the
bearing, and the spacer into the front of
the transfer gear housing. Align the shaft
splines with the gear splines.

3. Install the front output bearing retainer
(Fig. 132) and the gasket. Secure the re
tainer with the capscrews and lockwashers.
Install the transfer idler gear spacer in the
housing.

4. Install the trczsfer idler gear assembly (Fig.
133) into the housing. Align the gear and
the spacer with the spindle bore in the hous
ing. Chill the transfer idler gear spindle in
dry ice for one hour.
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J 32 - Install Front Output Bearing Retainer,
and Transfer Idler Gear Spacer

1. Front Output Bearing Retainer
2. Gasket
3. Capscrew and lockwasher
4. Transfer Idler Gear Spacer

2

1. Transfer Idler Gear Assembly
2. Housing
3. Spacer

5. Install the transfer idler gear spindle (Fig.
134) into its bore, aligning the recess in the
spindle with the capscrew hole in the hous
ing. Use a soft hammer to seat the spindle.
If necessary, use blocks between the trans-

.. -~~
J34 - Install Transfer Idler Gear Spindle

1. Transfer Idler Gear Spindle
2. Recess
3. Capscrew Hole
4. Blocks

1. Spindle
2. Retainer, Capscrew, and lockwasher
3. Transfer Drive Gear Assembly
4. Bearing
5. Gasket
6. Transfer Gear Cover
7. Bearing

fer idler gear and the housing to prevent
the housing from springing when tapping
the spindle into place. Remove the blocks.

6. Secure the spindle (Fig. 135) with the re
tainer, the capscrew, and lockwasher. In
stall the transfer drive gear assembly. Tap
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•

Fig. 136 - Install Transfer Gear Cover and
Oil Drain Plug

1. Transfer Gear Cover
2. Capscrew and Lockwasher
3. Oil Drain Plug

•

Fig. 137 - Install Oil Screen Assembly __ ....

1. Oil Screen Assembly
2. Retainer
3. Cover and Gasket
4. Washer
5. Capscrew

the bearing to seat it in its bore. Install the
gasket and the transfer gear cover, align
ing the capscrew holes. Tap the cover to
seat it on the bearing.

10-75

Fig. 138 - Assemble Rear Output Shaft

1. Rear Output Shaft
2. Detent Spring and Balls
3. Coupling

7. Secure the transfer gear cover (Fig. 136)
with the capscrews and lockwashers. Install
the oil drain plug.

8. Position the transfer gear housing upright
and install the oil screen assembly (Fig.
137). The retainer, and the cover and gas
ket. Install the capscrew and washer. Be
sure that the washer is in good condition to
prevent oil or air leakage.

9. Holding the rear output shaft (Fig. 138)
with one hand, install the detent spring and
two balls into the shaft. Holding the balls,
install the coupling onto the shaft with the
groove toward the bearing.

10. Install the shifter fork (Fig. 139) into the
housing. Install the rear output shaft and
the coupling, engaging the fork in the
coupling groove. Continuing to hold the
fork in position, install the shifter into its
bore and thread it into the fork.

11. Install the pipe plug (Fig. 140) and the
gasket. Install the seal into the rear of the
bearing retainer. Install the retainer.

12. Secure the retainer with the capscrews and



4

F;O. 139 - Install SMite, ~"
Output Shaft

1. Shifter Fork
2. Housing
3. Rear Output Shaft and Coupling
4. Shifter Shaft
5. Bore

- Install Rear Output Shaft __ -'
Searing Retainer

1. Pipe Plug
2. Gasket
3. Seal
4. Bearing Retainer

lockwashers (Fig. 141). With the shifter
shaft pushed all the way in, check the shaft
adjustment by placing a scale against the
face of the transfer gear housing. Measure

Fig. J4 J - Check Shifter Shaft Adjustment

1. Capscrew and Lockwasher
2. Shifter Shaft
3. Scale

1. Seal Ring (Hook Type)
2. Transfer Gear Housing
3. Seal Ring
4. Low Range Piston

to the center of the linkage hole in the shaft.
Rotate the shaft until the measurement is lJ
0.610 to .0650".
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n

1. Rear Output Flange
2. Flange Retainer Washer
3. Lock Strip
4. Self-Locking Capscrew

n 13. Install the hook type seal ring (Fig. 142)
into the groove on the transfer gear hous
ing. Install the seal ring onto the low range
piston. Install the piston into the housing.

14. Heat the rear output flange (Fig. 143) to
3000 F. for one hour and install it onto the
rear output shaft. Secure the flange with
the flange retainer washer, the lock strip
and the self-locking capscrews. Bend the
corners of the lock strip against the cap
screw heads.

D. Transfer Gear Housing

All items in Fig. 144 are removed in Par. B, and
installed in Par. C. Refer to Topic 4 for cleaning
and inspection.

E. Rear Output Shaft and Flange

A.
All items in Fig. 144 are removed in Par. B, and in
stalled in Par. C. Refer to Topic 4 for cleaning and
inspection, and Fig. 144 for wear limits..

F. Transfer Gears and Front
Output Shaft

1. Disassembly (Fig. 145)

a. Remove the bearings (1 and 3) from the
transfer drive gear (2).

b. Remove the snap ring (12) from the trans
fer idler gear (10). Remove the transfer
idler gear bearing (11) from the transfer
idler gear.

c. Press the oil seal (28) out of the front bear
ing retainer (25).

d. Remove the transfer driven gear bearing
(23) from the shaft (20). Remove the trans
fer driven gear spacer (22) from the front
output shaft (20).

e. If replacement of the bushing (19) is neces
sary, collapse the bushing and remove it
from the shaft (20).

2. Cleaning, Inspection, and Wear Limits

Refer to Topic 4 for cleaning and wear limits. Refer
to Fig. 145 for wear limits.

3. Assembly (Fig. 145)

a. If the bushing (19) was removed, install a
new bushing. Press the bushing 0.160 to
0.200" below the end of the shaft.

b. Install the transfer driven gear spacer (22)
onto the shaft (20). Install the transfer
driven gear bearing (23) onto the front
output shaft (20).

c. Press the oil seal (28) into the front (cham
fered end) of the front bearing retainer (25).

d. Install the transfer idler gear bearing (11)
into the transfer idler gear (10). Secure the
bearing with the snap ring (12).

e. Install the bearings (1 and 3) onto the trans
fer drive gear.
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B
REAR-OUTPUTSHAFT

AND FlANGE

L- Fig. J44 - Transfer Gear Housing, and Rear ---l

Output Shaft and Flange

A - TRANSFERGEAR HOUSING

1. Hexagon-Head Oil Screen Capscrew _
K6-24 x 1~

2. Plain Washer - 1~2

3. Oil Screen Cover
4. Oil Screen Retainer
5. Oil Screen Cover Gasket
6. Oil Screen
7. Oil Screen Coupling
8. Pipe Plug - 1~
9. Hose Clamp

10. Converter Housing Drain Hose
11. Nipple - % NPTF
12. Transfer Gear Housing
13. Name Plate
14. Drive Screw
15. Oil Filler Plug - 1Y.t
16. Oil Level Check Square-Head Pipe Plug - Y.t
17. Sump Drain Square-Head Plug _ %

B - REAR-OUTPUTSHAFT AND FLANGE

1. Hexagon-Head Capscrew - %-24 x 1Ya
2. Lock Strip
3. Flange Retainer Washer
4. 'Rear-Output Flange
5. Flange Oil Seal
6. Hexagon-Head Capscrew - %-16 x 1
7. Lockwasher - %

10. Single-Row Ball Bearing
11. Rear-Output Shaft
12. Rear-Output-Shaft Coupling
13. Shifter Fork

8. Rear-Output-Bearing Retainer
9. Bearing Retainer Gasket

14. Detent Ball - %
15. Detent Spring
16. Shifter Fork Shaft
17. Shifter Fork Shaft Seal
18. Kear-Output Flange
19. Rear-Output Flange (TL-30D)

WEAR LIMITSDATAItem

15 Detent Spring - 28.6 ± 2.8 lb. at 1.20 in. Operating Height
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FRONT -OUTPUT FlANGE AND UAKE B

L.... Fig. r45 - Transfer Gears, Front Output Shaft, and ---'
Front Output Flange and Brake - Legend

A

A - TRANSFERGEARS AND FRONT-OUTPUTSHAFT

•
1. Single-Row Ball Bearing
2. Transfer Drive Gear
3. Single-Row Ball Bearing
4. Transfer Drive Gear Cover Gasket
5. Transfer Drive Gear Cover
6. Lockwasher - %
7. Hexagon-Head Capscrew - %-16 x 1)4
8. Bearing Retainer Snap Ring
9. Transfer Idler Gear Bearing Spacer
10. Transfer Idler Gear
11. Transfer Idler Gear Double Roller Bearing.
12. Bearing Retainer Snap Ring
13. Transfer Idler Gear Spindle
14. Spindle Retainer Washer

15. Lockwasher - K,
16. Hexagon-Head Capscrew - K,-14 x Ya
17. Single-Row Ball Bearing
18. Front-Output-Shaft Assembly
19. Bushing
20. Front Output Shaft
21. Transfer Driven Gear
22. Transfer Driven Gear Spacer
23. Single-Row Ball Bearing
24. Front-bearing Retainer Gasket
25. Front-Bearing Retainer
26. Lockwasher - %
27. Hexagon-Head Capscrew - %-16 x 1%
28. Rear-Oil Seal

.Item WEAR LIMITSDATA

19 Bushing - Clearance with Rear Output Shaft, 0.005 in. (See Item 11)

B - FRONT-OUTPUTFLANGE AND BRAKE

1. Parking Brake Assembly
2. Brake Back Plate
3. Shoe and Lining
4. Brake Shoe Return Spring
5. Operating Cam Lever
6. Brake Drum
7. Hexagon-Head Capscrew - %-24 x %

G. Front Output Flange and Brake• All items in Fig. 145 are removed in Par. B, and

8. Hexagon-Head Capscrew - %-11 x 1)4
9. Lockwasher - %
10. Front-Output-Brake Mounting Flange (TL-30D)
11. Front-Output Brake Mounting Flange
12. Flange Retainer Washer
13. Lock Strip
14. Hexagon-Head Capscrew - %-24 x 1Va

installed in Par. C. Refer to Topic 4 for cleaning
and inspection.
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9. TROUBLE SHOOTING

Refer to the "TROUBLESHOOTING" Section which
will assist in locating sources of transmission
troubles. A study of the hydraulic system and the
hydraulic schematics in Topic 2 will help in locating
and correcting any hydraulic system malfunctions.

Refer to Figs. 146, 147 and 148 to identify the oil

passages in the selector valve body, its mounting
pad on the transmission housing, the main pressure , u

regulator valve and its mounting pad on the con- '-'
verter housing. Use them as necessary for tracing
the various circuits in the hydraulic system when
locating hydraulic malfunctions.

13

7
Fig. 146 - Selector Valve Body Oil Passages

1. Sump
2. Forward Lube Pressure
3. Reverse Clutch Apply Pressure
4. Sump
5. Reverse Lube Pressure
6. Main Oil Pressure
7. Sump
8. Main Oil Pressure

9. Main Oil Pressure
10. Sump
11. Main Oil Pressure
12. Forward Clutch Apply Pressure
13. Sump
14. Low-Rcnqe Clutch Apply Pressure
15. Intermediate-Range Clutch Apply Pressure
16. High-Range Clutch Apply Pressure
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147 -- Selector Valve Ei;;dy Mounting __ ---l
Pad Oil Passages

1. Sump
2. Low-Range Clutch Apply Pressure
3. High-Range Clutch Apply Pressure
4. Main Oil Pressure
5. Sump
6. Main Oil Pressure
7. Sump
8. Main Oil Pressure

•

1. Sump
2. Main Oil Pressure

9. Reverse Lube Pressure
10. Sump
11. Reverse Clutch Apply Pressure
12. Forward Lube Pressure
13. Forward Clutch Apply Pressure
14. Sump
15. Intermediate-Range Clutch Apply Pressure

Fig. 148 - Converter Housing Oil Passages __ --'

6. Oil from Remote Oil Filter
(Passage for Oil to Filter Shown in Fig. 2)

7. Piston Apply3. Converter - In Oil Pressure
4. Main Oil Pressure
5. Remote Oil Filter Oil Director Tube
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10. SPECIAL TOOLS AND KITS

A. Special Tools

In most cases the use of Special Tools for Disassem
bly, Repairs, and Assembly are required to perform
the particular operation and to obtain the best
results. The use of Special Tools also helps the
Serviceman, or Mechanic, to make the necessary
repairs in the least amount of time.

Contact your nearest "Allis-Chalmers" Construction
Machinery Dealer for information regarding the
availability of Special or Standard Tools.

B. Kits

Contact your "Allis-Chalmers" Construction Ma
chinery Dealer for Information regarding availa
bility of complete overhaul gasket kits.
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Fig. 149 - Sketch of Special Tool for Removal
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SECTION XI - AXLES

Topic Page
Topic Title No. No.

General Description 1
Removal of Axles .. . . . . . . . . . . . . . . . . .. 2
Differential and Gear Assembly . . . . . . . .. 3 4
Planetary Shafts and Hubs . . . . . . . . . . . .. 4 15

1. GENERAL DESCRIPTION

The front (rigid) and the rear (steering) axles are
heavy duty, planetary type axles matched to the
operations of the machine. The axles incorporate
a single reduction carrier with hypoid gearing
mounted in the center of the axle. The second re
duction is a planetary spur gear design built into
the wheel hubs. This arrangement permits hypoid
gearing at the carrier, allowing the axle shafts to
carry only a normal torsional load, while at the
same time providing the highest practical numeri
cal gear reduction at the wheels.

The hypoid pinion and differential assembly is
supported by tapered roller bearings. The pinion
bearing preload is adjusted and maintained by a
hardened precision spacer between the inner and
outer bearings. The differential tapered bearing
preload is adjusted and maintained by the posi
tioning of the threaded adjusting rings in the car
rier leg and cap bores.

The spur teeth of the planetary floating sun gear
mesh with the teeth of the planet spur gears. The
planet spur gears rotate on bronze planet pins
which are mounted in a spider. The planet spur
gear teeth in turn mesh with teeth of the floating
ring gear.

The axle assemblies and the transmission are con
nected by slip type propeller shafts. Power is
transmitted by the differential pinion and gear to
the axle shafts which empower the planetary sun
gear, through the revolving planet gears, and into
the planetary spider which drives the wheel hubs. V
The front axle is pin-connected to the heavy box
type sectional main frame of the loader. The rear
axle is pin-connected to the oscillating cast steel
yokes. The pin connecting points of the axle hous-
ings, each have two steel hardened, replaceable
bushings.

A. General

2. REMOVAL OF AXLES

It is not absolutely necessary to remove the com
plete axle assemblies from the machine to dis
assemble and inspect the planetary hubs. How
ever, it is necessary that the complete steering axle
assembly be removed to disassemble and inspect
the differential assembly. The drive or front axle
need not be removed in order to remove the differ
ential assembly.

A suitable hoist, rope, or chain, and a portable
hydraulic floor jack (approximately five-ton capac
ity), or equivalent equipment, will be required to
remove the axle assemblies from the loader.

B. Removal of Front (Rigid)
Axle Assembly

1. Lower the bucket to ground level. This can
be done by placing the boom control lever
in the float position.

2. Using a %." drive breaker bar extension,
remove the differential drain plug located
at the bottom of the axle housing center
section, and drain the differential.

11-1

3. Properly position a portable hydraulic floor \...I
jack (approximately frve-ton capacity) at
center of the axle housing or directly under-
neath the differential (Fig. 1), and carefully



jack up the front of the loader so that the
tires clear the floor about two inches. Suit
ably block up under the front of the loader.

IMPORTANT: The rear steering wheels
should be blocked so as to prevent move
ment. Also, the portable hydraulic jack
should be left in position for later use in
rolling the axle assembly out from beneath
the loader.

4. Remove the lug nuts that secure each tire
and wheel assembly to the planetary hubs
and remove the tire and wheel assemblies.

5. Rotate the planetary hubs so that the drain
plug is at the bottom. Remove the drain
plugs and drain the planetary hubs.

n

PINION CAGE

'-- Fig. J - Removing Axle Assembly __ ---I

6. Remove and plug the air brake lines
from the axle assembly to prevent their
being damaged or clogged during the re
moval and installation of the axle assembly.

7. Disconnect the drive shaft universal joint
at the differential.

8. Remove the cotter pin, the castle nut, and

the washer from the two pin weld assem
blies that secure the axle assembly to the
loader main frame assembly. Using a soft
drift, drive out the pin weld assemblies.

CAUTION: The portable hydraulic floor jack
must be properly centered under the axle
housing so as to prevent any cocking or
binding of the axle which may result in
damage to the pin weld assemblies or the
axle during removal.

9. Being certain that the axle assembly is
properly balanced on the portable hydrau
lic floor jack, carefully lower the axle
assembly and roll the hydraulic jack and
the axle assembly out from under the loader.

10. Attach a sling around the axle housing and
using a suitable hoist, lift the axle assembly
from the hydraulic jack and place the axle
assembly on blocks or stands so that the
planetary hubs do not rest on the floor.
Position the axle so that the pinion shaft is
in a vertical position. lEI11. At this time, inspect, and if necessary, re
place the connecting point bushings in the
axle housing. There are two steel hardened
bushings in each connecting point. The old
bushings can be driven out and new bush
ings installed.

12. Before installing the axle assembly, the pin
weld assemblies should be inspected for
Wear or damage. New pin weld assemblies
should be used if there are any signs of
wear or damage.

The axle assembly may be installed by a direct
reversal of the above procedure. Be certain that
the castle nuts on the pin weld assemblies are
drawn up tight and new cotter pins have been
installed.

c. Removal of Rear (Steering)
Axle Assembly

1. Using a lU" drive breaker bar extension,
remove the differential drain plug (located
at the bottom of the axle housing center
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section) and drain the differential.

2. Properly position a portable hydraulic floor
jack (approximately five-ton capacity) at
the center of the axle housing or directly
underneath the differential, and carefully
jack up the rear of the loader so that the
tires clear the floor (about two inches). Suit
ably block up the rear of the loader.

IMPORTANT: The front wheels should be
blocked so as to prevent movement. Also,
the portable hydraulic floor ;ack should be
left in position for later use in rolling the
axle assembly out from under the machine.

3. Remove the nuts that secure each tire and
wheel assembly to the planetary hubs, and
remove the tire and wheel assemblies.

4. Rotate the planetary hubs so that the drain
plug is at the bottom. Remove the drain
plugs and drain the planetary hubs.

5. Remove the air brake lines from the axle
assembly.

NOTE: The open end of the brake lines
should be covered or plugged to prevent
entrance of foreign material.

6. Disconnect the drive shaft universal joint,
located at the differential.

7. Disconnect the drag link. Disconnect the
hydraulic lines from the power steering
cylinders and disconnect the piston rods
from the axle. Disconnect the tie rod.

8. Remove the cotter pin, the castle nuts, and
the washers from the two pin weld assem
blies that secure the axle assembly to the
axle support assemblies. Using a soft drift,
drive out the pin weld assemblies.

CAUTION: The portable hydraulic floor
;ack must be properly centered under the
axle housing so as to prevent any cocking
or binding to the pin weld assemblies or the
axles during the removal.

9. Being certain that the axle assemblies are
properly balanced on the portable hydrau
lic floor jack, carefully lower the axle as
sembly and roll the hydraulic jack and the
axle assembly out from under the loader.

NOTE: To obtain clearance it may be nec
essary to (hand) pivot the axle support
assemblies.

10. Attach a sling around the axle housing and,
using a suitable hoist, lift the assembly from
the hydraulic jack and place the axle as
sembly on blocks, or stands, so that the
planetary hubs do not rest on the floor.
Position the axle so that the pinion shaft is
in a vertical position.

11. At this time, inspect and, if necessary, re
place the connecting point bushings in the
axle housing. There are two steel hardened V
bushings in each connecting point. The old
bushings can be driven out and new bush-
ings installed.

12. Next, inspect the bushings (2) in the frame
assembly and the condition of the pivot pin
of the axle support assemblies. If necessary,
replace, and also inspect pin weld assem
blies before installing axle assembly.

The axle assembly may be reinstalled by a direct
reversal of the above procedure. Be certain that
the castle nuts on the pin weld assemblies are
drawn up tight and new cotter pins are installed.
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3. DIFFERENTIAL AND GEAR ASSEMBLY

A. General

The front and the rear differential carrier sections
are identical in construction. Each consists of a
differential assembly with hypoid type ring gear
and pinions. The differential and gear assembly
is mounted on tapered roller bearings. The straddle
mounted pinion has two tapered roller bearings in
front of the pinion teeth to carry the radial load.
The housing for this section also serves as a reser
voir for the lubricating oil for these parts.

B. Removal of Differential Carrier
from Steering Axle Housing

1. Drain and remove the steering (or rear)
axle assembly.

2. Disassembly of the planetary hubs of the
steering axle assembly is necessary (in
order to remove the axle shaft assemblies)
before removing the differential and gear
assembly (Refer to Par. B, in Topic 4).

n 3. Remove the capscrews that secure the car
rier assembly to the axle housing.

4. Using a rope or chain attached to the end
of the pinion shaft, and a suitable hoist,
break the carrier assembly loose from the
axle housing using a rawhide mallet. Then
carefully lift carrier assembly from the axle
housing.

IMPORTANT: It will be necessary on the
rear or steering axle only, to remove the tie
rod assembly before the carrier assembly
can be removed. This can be done by re
moving the nuts, the washers, and the pins
which connect both ends of the tie rods to
the planetary rear knuckle housings.

C. Removal of Differential Carrier
from Drive Axle

1. Remove the differential drain plug, located
at the bottom of the axle housing center
section, and drain the differential.

2. Rotate the planetary hubs until the drain
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plug is at bottom. Remove the drain plugs
and drain the planetary hubs.

3. Remove the axle shafts from the axle as
sembly (Refer to Par. B, in Topic 4).

4. Position a portable hydraulic floor jack
under the differential carrier assembly. Re
move the capscrews that secure the carrier
assembly to the axle housing.

5. Slide the carrier from the housing with the
use of the hydraulic jack and remove it
from beneath the loader.

NOTE: Keep the carrier assembly balanced
on the hydraulic iack.

6. Installation of the drive axle differential
carrier assembly may be accomplished by
the direct reversal of the above procedure.

D. Disassembly of Differential and Gear

1. Place the carrier assembly in a suitable
holding fixture similar to the one shown in
Fig. 2.



2. Remove the lockwire, the capscrews, and
the adjusting lockplate (Fig. 3).

3. Center punch one of the differential carrier
legs and bearing caps (Fig. 3). This will
properly identify the parts during reas
sembly.

4. Remove the bearing cap capscrews, the
bearing caps, and the adjusting nuts.

5. Loosen the locknut (Fig. 4), back off the
thrust block adjusting screw, and lift out the
differential and gear assembly (Fig. 5).

Fig. 3 - Center Punching Differential Carrier Leg

Fig. 4 - Loosening Thrust Block Adjusting Screw

E. Disassembly of Differential Case
and Gear

1. If the original identification marks are not
clear, mark differential case halves with a
punch or chisel. This will properly identify

1. DIFFERENTIAL
,.....,••L/v,olY

Fig. 6 - Differential Case and Gear Assembly

the parts for correct alignment during re
assembly.

2. Cut the lockwire and remove the castle nuts
that secure the case halves (Fig. 6).

3. Remove the case halves, the spider, the pin
ions, the side gears, and the thrust washer.

4. If necessary, remove the ring gear rivets
and support the gear and case. The ring
gear should be removed as follows:

a. Carefully center punch each rivet in the \..I
center of the rivet head.
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n
RIGHT WAY WRONG WAY

L- Fig. 7 - Removing Gear Rivets _.

Fig. 8 - Elongated Holes in Flange when ::::::III
Rivets were Chiseled Out

n
3. BEARING

b. Using a drill ){l' smaller than the body
of the rivet, drill through the rivet body
as shown in Fig. 7. Press out the rivet.

IMPORTANT: Under no circumstances
should any attempt be made to remove
the rivets by using a chisel as it is pos
sible to elongate the rivet holes in the
nange (refer to Figs. 7 and 8).

5. If it is necessary to replace the differential
bearings, remove the bearings using a
suitable puller (Fig. 9).

F. Removal of Pinion and Cage Assembly

1. The pinion and cage assembly cannot be
removed without removing the differential
carrier from the axle housing and removing
the differential case and gear assembly
from the differential carrier.

2. Holding the yoke with a suitable tool, re
move the cotter pin, the pinion shaft nut,
and the washer.

3. Remove the yoke and slinger assembly.

4. Remove the capscrews (Fig. 10) securing
the bearing cover and the seal assembly to
the pinion cage assembly.

5. Install jackscrews in the holes provided (Fig.
10) and remove the pinion bearing cage
assembly.

fO - Removing Pinion Bearing Cage
Assembly

NOTE: The use of a punch bar will damage
the shims under the bearing cage. Also,
attempting to drive the pinion from the
inner end with a drift may damage the
bearing lock ring groove.

6. Measure the thickness of the shims used
under the pinion bearing cage assembly
(Fig. 10) and wire the shim pack together
to facilitate adjustment on reassembly.
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G. Disassembly of Pinion and Cage

1. Using a soft mallet or a suitable press, re
move the pinion shaft from the cage.

2. Remove the outer tapered bearing from the
cage.

3. Remove the spacer (or spacer combination)
from the pinion shaft.

4. Remove the inner tapered bearing from the
shaft as shown in Fig. 11.

5. If it is found necessary to replace the rear
(radial) bearing, remove the snap ring and
remove the b~aring with a suitable puller.

6. Remove the oil seal assembly from the
bearing cover.

H. Cleaning and Inspection

Clean all of the parts having ground and polished
surfaces, such as the gears, the bearings, and the
shafts, with solvent type cleaners such as emulsion
cleaners, carbon tetrachloride, or petroleum sol
vents excluding gasoline. Do not clean these parts
in a hot solvent tank or with water and alkaline
solutions, such as sodium hydroxide, orthosilicates
or phosphates.

Other parts, such as the differential carrier cast
ings and the cast brackets, may be cleaned in hot
solution tanks with mild alkali solutions. These
parts should remain in the tank long enough to be
thoroughly cleaned and heated through. This will
aid the evaporation of the cleaning solution and
the rinse water. Parts cleaned in solution tanks
or with alkali cleaners should be thoroughly rinsed
after cleaning to remove all traces of alkali.

It is impossible to overstress the importance of care
ful and thorough inspection of drive parts prior to
reassembly. Thorough visual inspection for indica
tions of wear or stress, and the replacement of
such parts as necessary, will eliminate costly and
avoidable drive unit failures. Inspect these parts
as follows:

1. Inspect all of the bearings, cups and cones,

3. PINION SHAFT

I J - Removing Inner Pinion Bearing
from Pinion Shaft

including those not removed from the drive
unit and replace them if the rollers or the
cups are worn, pitted, or damaged in any
way. Remove parts needing replacement
with a suitable puller or in a press with
sleeves. Avoid the use of drifts and ham
mers as they may mutilate or distort the
component parts.

2. Inspect the hypoid gears for wear or dam
age. Gears which are worn, rigged, pitted
or scored, should be replaced. When it is
necessary to replace either the pinion or
the gear of the hypoid set, the entire set
must be replaced.

3. Inspect the differential case halves, the
thrust washers, the spider, the trunnions,
and the gears for pits, scores or wear.
Thrust washers must be replaced in sets be
cause the use of a combination of old and
new washers will result in premature failure.

4. Inspect the differential pinion and side gear
teeth for any damage or wear. Always re
place the differential pinions and side gears
in sets.

5. Inspect all the studs for tightness and ma
chined or ground surfaces for nicks, mars,
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n
or burrs. Threads on studs or capscrews
must be clean in order to obtain accurate
adjustment and correct torques. A fine mill
file or India Stone is suitable for cleaning
the threads.

IMPORTANT: New oil seals and gaskets
MUST be used during assembly. Should any
bearings need repfacing, the bearing and
the bearing cup must be repfaced.lf cfeaned
parts are to be reused immediately, coaf
them with oiT. If cleaned parfs are fo be
stored, they shoufd be treafed wifh a good
RUST PREVENTATIVE and wrapped in spe
cial paper or other material designed to
prevent corrosion.

I. Assembly of Pinion and Cage

1. Press the rear thrust bearing firmly against
the shoulder on the pinion shaft, using a
suitable sleeve that will bear only on the
bearing inner race (Fig. 12).

n
2. Install the radial bearing snap ring into the

pinion shaft groove using snap ring pliers.

3. Install the rear tapered bearing on the pin
ion shaft being certain that bearing is tight
against the pinion gear.

4. If new bearing cups are to be installed,
press the bearing cups into the pinion bear
ing cage so that the cups are tight against
the shoulder in the pinion bearing cage.

5. Install the bearing spacer on the pinion
shaft, and after lubricating the rear ta
pered bearing, install the pinion bearing
cage assembly.

IMPORTANT: Do not install the bearing
cage capscrews.

6. Lubricate and install the front tapered bear
ing on the pinion shaft, being certain that
the bearing is firmly against the bearing
spacer. Rotate the pinion bearing cage
several revolutions to assure normal bear
ing contact.
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REAR THRUST
BEARING

4.

Fig. 12 - Installing Rear Thrust Bearing on
Pinion Shaft

7. Install the yoke, the washer, and the pinion
shaft nut and, while holding the yoke,
tighten the nut to the correct torque (refer
to Topic 5).

8. Suitably support the pinion assembly and
wrap a piece of soft wire or string around
the pinion bearing cage. Using a pound or
fish scale, check the pinion-tapered bearing
preload torque (Fig. 13). This ROTATING
TORQUE (not starting torque) should be 5
to 15 Ibs. in. If the rotating torque is not
5 to 15 Ibs. in., it will be necessary to re
move the front tapered bearing and the
pinion bearing cage to install a thinner (or
thicker) spacer between the bearings. A
thinner spacer will increase the bearing
preload and a thicker spacer will decrease
the bearing preload.

EXAMPLE:Assuming the pinion cage diam
eter to be 6 inches, the radius woufd be 3
inches. Then, a 5-pound pull would equal
15-pound inches of preload torque.



Fig. J 3 - Checking Preload on Pinion Sea rings

Fig. J4 - Installing Pinion Yoke Seal in Cover

IMPORTANT: Should it be necessary to
change the spacer, always be certain that
the pinion shaft nut is retorqued to the
proper torque before rechecking the pre
load on the tapered bearings.

9. After obtaining the proper preload on the
pinion tapered bearings, remove the yokes,
the washer, and the pinion shaft nut.

10. Coat outer edge of the pinion yoke seal
with a non-hardening sealing compound
and press the seal into the cover (Fig. 14),
being certain that the seal is firmly against
the shoulder in the cover.

J. Installation of Pinion and Cage

1. Install the original shim pack between the

pinion bearing cage and the differential
housing (refer to Par. F, in this Topic).

IMPORTANT: Locate thin shims on both
sides for maximum sealing ability.

2. Install two capscrews between the pinion
and cage assembly and the differential
housing as guides. Using a soft mallet, tap
the pinion and cage assembly in position.
Install the remaining capscrews and the
lockwashers, but do not tighten them se
curely at this time because it may be neces
sary to add or subtract shims to obtain the
correct tooth contact between the pinion
gear and the hypoid gear.

3. Lubricate the lip of the yoke seal, and install
the cover together with the yoke, the
washer, and the pinion shaft nut. Tighten
the pinion shaft nut to correct torque and
install the cotter pin.

IMPORTANT: Do not back off the nut to
align the cotter pin hole.

K. Assembly of Differential and Gear V
1. Rivet the hypoid gear to the differential

case half, using new rivets. Rivets should
not be heated, but always set cold. When
the correct rivet is used, the head being
formed will be at least Va" larger than the
diameter of the rivet hole. The head will
then be approximately the same height as
the preformed head. Excessive pressure will
cause distortion of the case holes and may
result in gear eccentricity.

NOTE: Approximately 30 tons of pressure
is required to properly squeeze cold an
nealed steel rivets.

2. Lubricate the inner walls of the differential
case and all of the other differential parts,
with axle lubricant.

3. Install one thrust washer and one side gear
in the bevel gear and case half assembly.
Assemble the pinion gears, the thrust V
washers, and the spider and place them in
position (Figs. 15 and 16).
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n 1. THRUSTWASHER~
2. PINION GEAR

Q

tiC.
SIDE GEAR THRUST
WASHER 0

Fig. 15 - Component Parts of Differential

.____ Fig. 16 - Assembling of Differential __ ~

4. Install the component side gear and the
thrust washer in the other half of the case.
After aligning the mating marks (Fig. 16)
on the differential case halves, draw the
assembly together with four of the cap
screws and the nuts equally spaced around
the case. Check for free rotation of the
differential gears.

5. If there is no presence of binding in the
gears, install the remaining capscrews and
the nuts. Tighten all of the nuts to the correct
torque (Topic 5) and install the lockwires.

NOTE: If the differential beorings (Fig. 16)
are to be replaced, press the bearings
squarely and firmly on the differential case.
The bearing cups must also be replaced.

L. Installation of Carrier Cups
in Carrier Leg Bores (Fig. 17)

Temporarily install the bearing cups, the threaded
adjusting rings and bearing caps. Install the bear
ing cap capscrews and tighten to the proper torque.
The bearing cups must be of a hand push fit in their
respective bores (Fig. 17). If the bearing cups are
not a hand push fit, the bores must be reworked
until a hand push fit is obtained. Use a bearing
scraper or emery cloth for reworking. Check work
progress often.

M. Installation of Differential and
Gear Assembly

1. Pack the two outer differential bearing
cones and the cups with fiber base grease
("Marfax" #2 or equal), and install the
differential assembly into the carrier.

2. Insert the bearing adjusting nuts (Fig. 18)
and turn the nuts hand tight against the
differential outer bearing cups.

3. lnsroll the carrier bearing caps in the cor
rect location as marked (Fig. 18) and tap
them lightly into position.

11-10



J 8 - Installing Bearing Adiusting Nuts -
and Bearing Caps

NOTE: If the bearing caps do not position
properly, the adjusting nuts may be cross
threaded. Remove the caps and reposition
the adjusting nuts. Forcing the caps into
position wilt ruin the carrier housing or the
bearing caps.

4. Install the bearing cap capscrews. Draw the
capscrews up to finger tightness only. Do
not tighten them securely.

N. Adjustment of Differential Bearings

1. Install a dial indicator on the back face of
the hypoid gear. Loosen the end bearing
adjusting nut (located on the opposite side
of the hypoid gear) just enough to permit
some end playas noted on the indicator.
Then by tightening the end bearing adjust
ing nuts, adjust for .000" end play (Fig. 19).

2. With the dial indicator still in position,
check the run-out of the hypoid gear (Fig.
19). Run-out should not exceed .008".

3. Using two pinch bars, tighten each bearing
adjusting nut one notch each from the .000"
end play to preload the end differential
bearings.

4. Tighten the bearing cap capscrews to the

Fig. J9 - Adiusting Differential Bearings and
Checking Run-Out of Ring Gear

correct torque (Section xxr),

o. Checking Backlash of Hypoid Gear

Install a dial indicator as shown in Fig. 20. Moving
the hypoid gear by hand, note the reading on the
indicator. The correct backlash for new gears
should be .006" to .012/1. If the backlash exceeds V
.012", adjust the hypoid gear only. Adjustment is
mode by backing off on one of the adjusting rings
and advancing the opposite adjusting ring by the
same amount.

P. Adjustment of Tooth Contact Between
Pinion and Hypoid Gear

It is very important that the correct tooth contact be
obtained between the pinion and the hypoid gear.
Adjustment for the correct tooth contact can be ob
tained by adding or removing the shims between
the pinion gear case assembly and the differential
housing which in turn moves the pinion gear for
ward or backward in relationship to the hypoid
gear.

IMPORTANT: Adding or removing the shims be
tween the pinion gear case assembly and the
differential housing will affect the .0061/ to .0121/
backlash between the pinion and the hypoid gears.
Always recheck this backlash.

To check for the proper tooth contact, apply oiled
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Fig. 20 - Checking Backlash Between Ring
Gear and Pinion Gear

n

Fig. 21 - Checking for Proper Tooth Contact
Between Ring Gear and Pinion Gear

red lead lightly to approximately twelve teeth on
the hypoid gear (Fig. 21). Then by rotating the
pinion gear, the red lead on the hypoid gear teeth
will be squeezed away by the contact of the pinion
gear, leaving bare areas, the exact size, shape,
and location of the contact. The area of contact
must favor the toe of the gear tooth, should extend
V2to 21:3 of the tooth length toward the heel, and
be centered between the top and the bottom of
the tooth (Fig. 22).

A high contact as shown in Fig. 23 is not desirable
and will only result in noise, galling, and rolling
over the top edges of the teeth. To obtain the cor-

.•~.... 1. GEAR

.._-~- Fig. 22 - Satisfactory Tooth Contact __ ...J

rect adjustment, move the pinion toward the hypoid
gear to lower the contact area. This adjustment
will decrease the backlash between the pinion and
the gear teeth. This must be corrected by moving
the hypoid gear away from the pinion. Correct
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Fig. 24 - Low Contact ___JL-.. ...J

A
CONTACT

ADJUSTMfNT

B
BACKLASH

CORRECTION

'-- Fig. 25 - Short ToeContact --'

backlash is .006" to .012" (refer to Par. ° in this
Topic).

A low contact (Fig. 24) will result in galling, noise,
and grooving of the teeth. To obtain the correct
adjustment, move the pinion away from the hypoid
gear to raise the contact area. This adjustment
will affect the backlash between the pinion and the
gear teeth which must be corrected by moving the

A
(UNIAtl

AOJUS1MlNl

B
IIACklA50k

CORRlCTlO~

...... Fig. 26 - Short Heel Contact --I

hypoid gear toward the pinion. Correct backlash
is .006" to .012" (refer to Par. 0, in this Topic).

A short toe contact (Fig. 25) will result in chipping
the teeth edges and excessive wear due to the
small contact area. To obtain correct adjustment, \.._.,.
move the hypoid gear away from the pinion gear
to increase the lengthwise contact and to move the
contact toward the heel of the tooth. This adjust-
ment will affect the backlash between the pinion
and the gear teeth which must be corrected by
moving the pinion toward the gear. Correct back-
lash is .006" to .012" (refer to Par. 0, in this Topic).

A short heel contact (Fig. 26) will result in chipping,
excessive wear, and noise. To obtain the correct
adjustment, move the hypoid gear toward the
pinion to increase the lengthwise contact and to
move the contact toward the toe of tooth. This
adjustment will affect the backlash between the
pinion and the gear which must be corrected by
moving the pinion away from the gear. Correct
backlash is .006" to .012" (refer to Par. 0, in this
topic).

NOTE: Several adjustments of both the pinion and
the hypoid gear may be necessary before the cor
rect contact and backlash are secured.
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After the correct contact and backlash between the
pinion and the hypoid gears is obtained, install the
two bearing adjusting nut lock plates and the cap
screws (Fig. 3). Torque the capscrews to 15-16 Ibs.
ft. and install the lockwires. Also tighten the cap
screws that secure the pinion gear case assembly
to the differential housing. Torque capscrews to
correct torque.

Q. Adiustment of Hypoid Gear Thrust
Block

1. Remove the carrier assembly from the stand
and position the carrier so that the hypoid
gear is upward.

2. Remove the adjusting screw and the locknut
from the carrier housing (Fig. 27).

3. Place the thrust block on the rear face of
the hypoid gear, and then rotate the gear
until the hole in the thrust block is aligned
with the adjusting screw hole.

4. Install the adjusting screw and the locknut
and tighten adjusting screw sufficiently (Fig.
28) to locate the thrust block firmly against
the back face of the hypoid gear. Then
loosen the adjusting nut 1,4-turn so as to
obtain .010" to 0.015" clearance between
the thrust block and rear face of the hypoid
gear.

Fig. 28 - Installing and Tightening Ring Gear
Thrust Block

5. Recheck to be sure that there is a minimum
clearance of .010" between thrust block
and the hypoid gear during full rotation
of the hypoid gear.

R. Installation of Differential Carrier
Assembly in Axle Housing

1. Using a solvent, clean the axle housing
thoroughly and dry it with compressed air.
Inspect the housing for cracks, loose studs,
nicks and burrs on the machined surfaces.
Remove all nicks and burrs with a stone or
fine file.

2. Install a new differential carrier-to-axle
housing gasket. With a suitable hoist and
sling attached to the pinion shaft, position
the differential carrier assembly into axle
housing.

3. Install the lockwashers and the stud nuts on
the studs under the carrier housing offsets.
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It is impossible to start these nuts after
carrier is drawn into housing.

4. Install four flat washers and nuts equally
spaced. Then tighten the nuts equally to
draw the carrier squarely into the housing.

5. Remove the four nuts and flat washers. In
stall the stud nuts and the lockwashers.
Tighten them to the correct torque (Topic 5).

6. Install the axle assembly in the loader
(refer to Topic 2).

7. Fill the differential assembly and the plane
tary hubs to the correct level, using SAE 90
lubricant. Lubricate the universal joint.

8. If the front axle differential carrier was re
built, the front end of the loader must be
jacked up so that the tires clear the floor
approximately two inches. Start the engine
and place the transmission selector in high
gear, forward, and allow wheels to turn
approximately 25 to 30 miles per hour to

assure satisfactory lubrication of all parts
of the carrier assembly.

9. If rear axle differential carrier was rebuilt,
both the rear axle and the front axle must
be jacked up so that all four tires clear the
floor approximately two inches. Then follow
the same procedure in Step 8 above.

CAUTION: Both front wheels must be ;acked
up when attempting the procedures in Step
8, above, and all four wheels must be
;acked up when attempting the procedures
in Step 9, above. Otherwise, serious dam
age wilt result from overheating the differ
ential spider that wi1l cause ga1ling or
shearing of the spider pins, damage to
other parts of the loader, and in;ury to
personnel.

10. Recheck the oil levels in the differentia Is
and the planetary hubs. Be certain that all
of the nuts and the capscrews are properly
torqued and (where required) cotter pins
are installed.

4. PLANETARY SHAFTS AND HUBS

A. General

All four planetary hubs are similar. Each con
sists of a floating gear, a floating sun gear, and
three planetary pinions which rotate on forged
bronze planet pins. These parts are lubricated by
the oil carried in each planetary hub.

As the wheel hub and the planetary spider rotate,
they pick up oil (contained in the hub) and channel
it to the wheel bearings and gears. The oil, there
fore, is constantfy flowing around these parts and
through the channels in the planet pins to lubricate
the pinions. This assures full flow lubrication under
all operating conditions.

The steering knuckles and the hub assembly in the
rear axle (Fig. 30) each consist of a "Rzeppa" type
universal joint, a trunnion socket, and a flange. The
universal joint contained in the steering knuckle
socket, is designed to transmit power while the ma
chine is being steered-thus, a drive steering axle.
The steering knuckle socket is the "ball-shaped"

portion of the axle housing with integral king pins
on which are mounted bushings. The trunnion
socket bushings support the wheel hub and allow
it to pivot during steering.

The trunnion socket bushings are pre-packed with
grease during assembly so that very little lubrica
tion is required in the field. The trunnion socket
caps are adjusted by shims located under the caps.
The quantity of shims used under the upper cap
should approximately equal those used under the
lower cap to center the universal joint in the steer
ing trunnion socket.

Replacement of parts in a" the planetary hubs can
be done without removing the complete axle from
the machine. The drive axle shafts in the front
(rigid) axle can also be removed without complete
ly disassembling the planetary hubs.
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19 29 17 14 35
Fig. 29 - Rigid Planetary Hub - Cut-Away View

A 1. Drive axle shaft (front axle) 18. Washer (inner)
2. Brake assembly, front and rear 19. Washer (outer)
3. Oil seal (axle shaft) 20. Gear, planetary sun (20 teeth)
4. Retainer assembly and seal ring 21. Washer
5. Seal ring 22. Shaft
6. Hub assembly, front axle 23. Pinion
7. Cup (front axle) 24. Gear, planetary ring (52 teeth)

Cup (rear axle) 25. Spider
Cone (front axle) 26. Snap ring
Cone (rear axle) 27. Gasket and cover assembly

8. Cup (front & rear axles) 28. Gasket
Cone (front & rear axles) 29. Capscrew, ]1" - 20 NF x 1%"

9. Retainer assembly and seal ring Lockwasher, ]1" ASA med.
10. Spindle 30. Capscrew (spider cover)
11. Oil slinger 31. Thrust button
12. Brake drum 33. Plug, ~", steel, ctsk., ~" sq.
13. Hub (planetary ring gear) (planetary oil filler & drain)
14. Sleeve 34. Stud and nut (special)
15. Nut 35. Capscrew, %" - 11 NC x 1]1"
17. Capscrew, lock plate, and lockwire Lockwire, # 16 W & M gao x 50" Ig.

•
18 15 34 13 6 8 12

11-l6



Fig. 30 - Planetary Steering Hub - Cut-Away View

2. Brake assembly, front and rear 45. Inner race
7. Cup (front axle) 46. Snap ring

Cup (rear axle) 47. Steering knuckle flange assembly, left & right
Cone (front axle) Knuckle flange, inner
Cone (rear axle) Knuckle flange, companion

8. Cup (front & rear axles) 48. Stud
Cone (front & rear axles) 49. Plain washer, 'K6" SAE

13. Hub (planetary ring gear) Locknut, 'K6" - 18 NF lJ14. Sleeve 5l. Cap, lower bearing
15. Nut Shim (.003" thick)
16. Retainer Shim (.005" thick)
17. Capscrew, lock plate, and lockwire Shim (.020" thick)
18. Washer (inner) 52. Cap, upper R.H. bearing
20. Gear, planetary sun (20 teeth) Shim (.003" thick)
22. Shaft Shim (.005" thick)
23. Pinion Shim (.020" thick)
24. Gear, planetary ring (52 teeth) 54. Capscrew, %" - 11 NC x 1~"
25. Spider (flange to bearing cap)
27. Cover assembly and gasket Lockwire
28. Gasket 55. Capscrew, %" - 11 NC x 1~", rd. hd.
29. Capscrew, }1" - 20 NF x 1%" Lockwire, #16 W & M Ga. x 50" long

Lockwasher, }1" ASA med. 56. Boot
30. Capscrew (spider cover) Boot clamp (inner)
31. Thrust button Boot clamp (outer)
33. Plug, )4", steel ctsk., )4" sq. Sleeve clamp

(planetary oil filler & drain) 57. Thrust washer
34. Stud and nut (special) 58. Steering knuckle
37. Trunnion socket assembly 59. Bushing

Bushing 60. Hub & bearing assembly
38. Drive shaft 6l. Oil seal
39. Oil seal (axle shaft) Seal ring
40. Seal Retainer assembly
4l. Stud and locknut 62. Oil slinger
42. Universal joint assembly (outer) 63. Brake drum
43. Out race, stud axle, and cage 64. Oil seal (drive joint)
44. Ball
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8. RING GEAR HUB

7. FLOATING RING GEAR \

6. WHEEL BEARING ADJUSTING NUT "'-

5. FLOATING SUN GEAR ~ " .
4. SNAP RING -'" ,-_

3. PLANETARY SPIDER ~\ 1\ t~ 11. INNER WHEEL
1. COVER • ~ \1 ~I ~ RING

2 PLANET • ~ ~ I _ ..
. PINS r (~~ ~'12. WHEEL BEARING

- - \ ",3. CAPSCREWS
I ~ 14. RING GEAR RETAINERaQ---."' 15. NUT LOCK/t', ~16. THRUST WASHER

19. NUT ." 17. PLANET GEAR
O. LOCKWASHER 18. THRUST WASHER

21. CAPSCREW

Fig. 3J - Component Parts of Planetary Hubs ------ ___~

B. Removal and Disassembly of
Planetary Hubs

1. Removal of Spider and Hub

a. Using a suitable hydraulic jack (approxi
mately five ton capacity), raise the axle so
that the tires clear the floor approximately
two inches.n
CAUTION: Never rely upon the hydraulic
iack to support the weight of the loader, use
suitable blocking or stands under each side
of the axle which will prevent the axle from
falling or slipping.

b. Remove the wheel nuts and remove the
wheel assembly.

c. Rotate the planetary hub assembly so that
the drain plug is at the bottom. Remove the
drain plug and drain the lubricant.

d. Remove the planetary hub cover capscrews
and remove the cover and the gasket. Re
move the planetary spider stud nuts, the
lock washers, the spider, and the gasket
(Fig. 32).

NOTE: Jackscrew holes are provided for re
moval of the spider assembly.

Fig. 32 - Planetary Spider Assembly

2. Disassembly of Planetary
Spider Assembly

a. Position the spider face down, on wooden
blocks. Using a suitable press, press out
the planet pins from the inside out (Fig. 33).

b. Remove the planet gears and their respec
tive thrust washers (Fig. 31).

IMPORTANT: The thrust washers are de
signed for use on both ends of the planet
pinions and must be reinstalled in their
original positions.
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4. GEAR
3. THRUST

Fig. 33 - Spider Planet Gear and Pin Removed

Fig. 34 - Sun Gear and Floating Ring Gear

3. Rel1loval of Floating Ring Gear

a. Remove the snap ring that retains the sun
gear (Fig. 34).

b. Remove the sun gear and the thrust washer.

c. Remove the wheel bearing adjusting nut
locks and remove the wheel bearing ad
justing nut (Fig. 34). Threaded puller holes
are provided in the ring gear hub flange
that are used for the removal of the float
ing ring gear assembly.

d. Remove the lockwire, the ring gear retainer,
the plates, and the capscrews that secure
the floating ring gear to the ring gear hub.

,-- __ Fig. 35 - Floating Ring Gear, Hub, and
Bearing - Exploded View

Separate the floating ring gear and the
ring gear hub (Fig. 35). Then remove the
outer wheel bearing from the ring gear
hub.

NOTE: The ring gear hub assembly is made
up of the hub and a hardened ring sleeve
insert which is pressed into the hub from the
outerside.

4. Removal of Wheel Hub and
Brake Drum Assembly

a. With the brakes fully released, lift the hub
and drum assembly slightly to relieve the
weight of the hub and drum assembly
from the brake shoe. Remove the assembly
from the hub spindle.

Fig. 36 - Wheel Hub and Brake Drum Assembly
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•
b. If the wheel bearing cup (Fig. 36) is to be

replaced, remove the wheel bearing cup
with a suitable puller.

5. Removal of Rear (Steering) Hub
Spindle

a. Remove the cam groove lock ring and the
washer (Fig. 37).• b. Remove the inner bearing and the brake
return springs (Figs. 38 and 39).

c. Remove the hub spindle nuts and the lock
washers.

d. Remove the oil seal assembly by lifting the
retainer from the stud nuts and the seal
ring located behind the retainer in a recess
in the hub spindle (Fig. 38).

• 4. SEALRING GROOVE

Fig. 38 - Hub Spindle Assembly (Steering Axle)

Fig. 39 - Brake Assembly (Rigid Axle)

e. Remove the hub spindle.

NOTE: It may be necessary to tap the spin
dle with a soft hammer to release it from the
studs. IMPORTANT: Care must be taken not
to damage the outer oil seal located in the
outer end of the spindle while sliding the
spindle over the axle shaft splines.

6. Removal of Front (Rigid) Hub
Spindle

a. Remove the cam groove lock ring and the
inner wheel bearing if not previously re
moved. Refer to Par. 5, above.

NOTE: The oil seal and retainer assembly
is located in the wheel hub against the hub
rear bearing cups and wipes the hub spin
dle. Remove the retainer and seal assembly
from the wheel hub with a suitable puller.
Do not remove the oil seal from the retainer
unless replacement is necessary.

b. Remove the nuts, the lockwashers, and the
capscrews that secure the hub spindle to
the axle housing and then remove the hub
spindle.

IMPORTANT: Care must be taken not to
damage the seal ring located in the recess
in the axle housing.
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c. Removal and Disassembly of Planetary
Steering Universal Joint and Steering
Knuckle Flange Assembly

1. Removal of Axle Shaft and
Ball Joint

a. Remove the axle shaft and the ball joint
as an assembly (Fig. 40), being careful
not to damage the oil seal that is located in
the axle housing.

b. Place the inner shaft into a bronze jawed
vise so that the outer race bell is positioned
downward (Fig. 41).

c. Drive off the shaft, the bell, the bearing,
and the cage assembly by using a bronze
or brass drift against the end of the inner
race (Fig. 41).

d. Remove the lock ring on the end of the
inner shaft.

NOTE: This is an expander type lock ring
and must never be reused. Always install
a new lock ring.

2. Disassembly of Universal Joint

a. Place the axle shaft into a bronze jawed
vise (Fig. 42). Turn the inner race in the
outer race bell until one of the joint balls
can be lifted out. Continue turning the race
until all of the balls are removed.

b. Next roll the cage and the inner race at
right angles to the outer race bell so that.
the two elongated openings in the cage
align with the opposite teeth of the bell.
Remove the cage and the inner race from
the outer race bell.

c. To separate the inner race from the cage,
turn the inner race at right angles to the
cage, aligning the short tooth on the inner
race with the elongated hole in the cage.
Then roll the inner race out of the cage.

Fig. 40 - Removing Axle Shaft and Universal
Joint Assembly
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Fig. 43 - Removing Cage from Inner Ball Race

3. Removal of Knuckle Flange
Assembly

n
a. If axle has not been removed from the

machine, disconnect the steering arm link
age and the tie rods (refer to Topic 2 and
Fig. 44).

b. Remove the capscrews that secure the dust
shields to the knuckle flange housing.

c. Remove the outer boot clamp that secures
the boot to the knuckle flange.

d. Fold the boot back and remove the inner
clamp.

e. Remove the nuts, the lockwashers, and the
capscrews that secure the trunnion socket
flange to the axle housing flange (Fig. 44).
Then remove the knuckle flange assembly.

4. Disassembly of Steering Knuckle
Flange

a. Place the trunnion socket flange of the
knuckle flange assembly in a bronze jawed
vise.

b. Remove the upper and lower bushing cap
screw lockwires, the capscrews, the bush
ing caps, and the shims (Figs. 44 and 45).
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- Fig. 44 - Trunnion Socket and Knuckle Flange

~1. KNUCKLE FLANGE

2. THRUST WASHER

c:::::z;;b/
3. LOWER BUSHING CAP

4. SHIM

Fig. 45 - Removing Lower Bushing Cap and
Thrust Washers

Remove the thrust washer from the lower
bushing.

NOTE: The shim pack should be wired to
gether to keep them intact and to facilitate
adjustment on reassembly.

c. If the bushings are to be replaced, re
move them by using a press.

d. Remove the oil seal from the oil seal recess
in the axle housing at the connecting
flange.

e. Remove the rubber boot from the axle
socket by carefully stretching it over the
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bell housing.

D. Cleaning and Inspection

Clean all of the parts that have ground and pol
ished surfaces such as the gears, the spindles, the
balls, the bearings, and the shafts, with solvent
type cleaners such as emulsion cleaners, carbon
tetrachloride or petroleum solvents excluding gas
oline. Do not clean these parts in a hot solvent
tank or with water and alkaline solutions such as
sodium hydroxide, orthosilicates, or phosphates.

Other parts, such as wheel cones, planetary spi
ders, and cast brackets, may be cleaned in hot
solution tanks with mild alkali solutions. These
parts should remain in the tank only long enough
to be thoroughly cleaned and heated through.
This will aid in the evaporation of the cleaning solu
tion and the rinse water. Parts cleaned in solution
tanks or with alkali cleaners should be thoroughly
rinsed after cleaning to remove all traces of alkali.

The importance of careful and thorough inspection
of the drive unit parts prior to reassembly cannot
be overstressed. Thorough visual inspection for in
dications of wear and stress and the replacement
of such parts as necessary will eliminate costly and
avoidable drive unit failures. Inspect these parts
as follows:

1. Inspect all of the bushings, the bearings, the
cups and cones, including parts not re
moved from the drive unit. Replace the roll
ers or the cups if they are worn, pitted, or
damaged in any way. Remove parts that
need replacement using a suitable puller or
a press with sleeves. Avoid the use of drifts
and hammers because they may easily
mutilate or distort the component parts.

2. Inspect the planetary reduction gears, the
planet gears, the sun gear, and the drive
or ring gear assembly for wear or damage.
Gears that are scored, pitted, ridged, or
worn should be replaced.

3. Inspect the planetary spider assembly for
the following:

a. Pitted, scored, or worn thrust washer.

Litho in U.S.A.

b. Worn or ridged planet pinion gears.

c. Worn, scored, or chipped planet pin
ions.

4. Inspect the axle shafts for signs of torsional
fractures or other indications of impending
failure.

5. Inspect the steering trunnion sockets. If
damaged, replacement will be necessary.

6. Inspect all the studs for tightness and the
machined surfaces for nicks, mars or burrs.
Threads on studs or capscrews must be
clean so that accurate adjustment and cor
rect torques can be obtained. A fine mill
file or India Stone is suitable for cleaning
the threads.

E. Assembly of Planetary Steering
Knuckle Assembly

1. Installation of Oil Seals

a. Front or Rigid Axle

Install the oil seal in the carrier or the axle
housing at the connecting flange end with a
suitable driver.

IMPORTANT: The seal must face toward the dif
ferential or the center of the axle assembly.
Also, be sure to locate the seal squarely against
the seal recessed shoulder in the housing.

b. Rear or Steering Axle

Install the outer oil seal in the hub spindle in
the threaded end of spindle.

IMPORTANT: The seal lip must face toward the
planetary end cover. Also, be sure to locate
the seal squarely against the seal recessed
shoulder in the housing.

2. Installation of Steering Trunnion
Socket Cap Bushings
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a. If the steering trunnion socket bushings
have been removed, place the trunnion
socket in a press or another suitable fixture.
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---- 2. SOCKETWRENCH

draulic jack at the lower bushing cap and
apply a slight pressure. Snug the upper
bushing cap retaining capscrews against
the cap to eliminate any end play. If the
shim pack is loose, measure the gap be
tween the cap and the shims using a thick
ness gauge, and then install the correct
amount of shims. If there is any end play
after torquing the copscrews properly
(when using the original shim pack), deter
mine the amount of end play and remove
the shims accordingly.

3. TRUNNION SOCKETBUSHING--I.- __ Fig. 46 - Installing Trunnion Socket __ ---I

Bushing Assembly

b. Install the bushings in the trunnion socket
by using a sleeve driver that bears against
the bushing.

3. Adiustment and Installation of
KnuckleFlange Assembly

a. Install the trunnion socket bushing assem
bly on the axle housing (Fig. 46).

b. Slip the rubber boot over the trunnion
socket and fold it back. Secure the boot
with the inner clamp.

c. Carefully slip the knuckle flange over the
flange on the trunnion socket.

d. Install the original shim packs on the upper
and lower bushing caps.

e. Install the thrust washer on the lower bush
ing cap.

CAUTION: Install the thrust washer on the
lower bushing cap only. Otherwise serious
damage to the housing may result.

f. Install the bushing caps.

g. Torque the lower bushing cap retaining
capscrews to 168-180 ft. Ibs. Place <I hy-

IMPORTANT: The maximum preload of the
bushing cap should not exceed .001. The
thickness of the upper and lower shim packs
should be equal to insure proper seating.

The size of the shim packs at the top and
the bottom should be nearly the same in
order to center the joint assembly for prop
er shaft alignment.

h. Install the dust shields and the outer boot
clamp.

4. Assembly and Installation of Axle
Shafts and "Rzeppa" Universal
Joints

a. Install the inner bearing race into the cage
at right angles and align the race teeth with
the elongated hole in the cage. Turn the
race within the cage to a position parallel
with the cage.

CAUTION: Do not attempt to force any por
tion of this assembly together.

b. Insert the drive shaft universal bell into a
bronze jawed vise. Install the race and the
cage into the universal bell at right angles
and tilt it into position while, at the same
time, aligning the bell teeth with the
elongated holes in the bearing cage (Fig.
43).
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ETC.H ON SHOULDER + .OIZ
FOR IDENTIFICATION ETCH ON FACE +.OIZ

FOR IDENTIFICATION

ETCHON FACE•. 017

'-------------- Fig. 47 - Rzeppa Joint Identification Marks ----- ___.J

NOTE: Approximately 10% of the original
"Rzeppa" universal joints are made with
.012" oversize balls, raceways, and cages.
All of the original ioints that employ over
size components are marked accordingly on
the individual pieces (aside from the balls)
in the places noted in Figure 47.

When disassembling "Rzeppa" universal
ioints for the purpose of cfeaning, inspect
ing, or replacing the individual compo
nents, it is advisable to rework them one
at a time to avoid mixing standard and
oversize parts.

If a considerable number of joints are to be
reworked at one time, it will be necessary to
carefully separate the standard from the
oversize joints.

Only standard size components are fur
nished for replacement. The standard size
parts are to be used for replacement of
either standard or oversize parts in the
original assemblies. If the outer race, the
inner race, or the cage in an original over
size ioint is replaced, it will also be neces
sary to replace all the balls at the same
time. If the original oversize balls are to
be reused, the resulting assembly would be
too tight and would lead to hard steering
and short life.

The use of standard size replacement balls
in a joint having one or more of the other
components oversize, will in no way affect
its performance or life though there will be
slightly more backlash.

c. Install the joint balls into the inner race
and the.cage (Fig. 42), tilting the race and
cage each time so that another ball can be
inserted.

d. Pack the ball joint assembly with approxi
mately three pounds of fiber base lubricant
("Marfax" #0, or equal). Align the inner
race splines parallel with the ball face.

e. Install the "expander" type locking ring in
the inner shaft lock ring groove. Align the
splines of the inner shaft with the splines
of the inner race. Holding the shaft in a
vertical position and with the locking ring
resting in the chamfer on the inner race,
tap the end of the shaft with a rawhide
mallet to collapse the locking ring. Drive
the shaft in until the locking ring clears the
inner race splines to lock the shaft in place.

f. Hand pack the inner walls of the trunnion
socket with approximately two pounds of
lubricant ("Marfax" #2, or equal).

g. Rub a small amount of grease on the ma-
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chined surface of the drive axle where
the axle shaft oil seal will contact. This will
help to prevent damage to the seal lip
during the first few hours of operation.

h. Insert the axle shaft through the housing
and into the side drive gear in the differ
ential.

CAUTION: Do not force the shaft because
this will cause damage to the splines on the
shaft and the mating splines in the drive
gear of the differential.

5. Installation of Hub Spindle, Brake
Assembly, Seal Retainer and Seal

a. If replacement of the spindle outer oil seal
is necessary, remove it with a pinch bar and
replace it by using a suitable driver.

NOTE: The seal must be installed from the
outer end of the spindle with its lip facing
toward the planetary section.

n b. Locate the seal retainer flange on the
knuckle flange studs. There is no centering
dowel so be careful to center the flange on
the studs for the best seal contact (Fig. 55).

c. Dip the inner bearing in SAE 90 oil and
install it on the spindle.

d. Install the spindle and seal assembly on
the knuckle flange studs and secure it with
the washers and the nuts. Torque the nuts
to 186-205 Ibs. ft.

NOTE: On the front (or rigid axle), install
the seal ring on the spindle flange and ioin
the spindle to the connecting axle housing
flange with the capscrews, the lockwashers,
and the nuts. Torque the capscrews to 786-
2051bs. ft.

e. Install the brake shoe and liner assemblies.
Install the brake return springs.

f. Install the brake cam (Fig. 39).

1. SEAL RETAINER

2. KNUCKLE FLANGE

3. INNER BEARING

4. HUB SPINDLE

E SHAFT

Fig. 48 - Hub Spindle, Inner Seal, and Seal
Retainer (Steering Axle)

6. Assembly of Floating Ring Gear
and Installation of Hub, Drum and
Ring Gear

a. Assemble the floating ring gear as follows:

(1) Insert the splined ring gear hub into
the floating ring gear until it is flush
with the shoulder on the ring gear hub.

(2) Install the ring gear retainer plates and
the capscrews. Torque the capscrews
to 22-24 Ibs. ft. and install the lock
wires.

(3) Dip the outer wheel bearing in SAE 90
oil and install it on the ring gear hub
journal being sure that the bearing is
tight against the hub shoulder.

NOTE: The bearing should be a slide fit
over the spindle hub iourna/.

b. Install the hub, drum, and the ring gear
as follows:

(1) Coat the bearing cups with a light film
of oil and lift the hub and drum as
sembly on the hub spindle, positioning
the assembly so that the bearing inner
cups rest on the inner bearing rolls.
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(2) Install the floating ring gear assembly
(Fig. 34) while, at the same time,
lifting the weight of the hub and drum
assembly to allow the outer bearing to
mate with the outer hub bearing cup.
Install the wheel bearing adjusting nut.

(3) Tighten the adjusting nut to 400 Ibs.
ft. while the wheel is being rotated.
Rotate the wheel in both directions
to be sure bearings and related parts
are fully seated.

(4) Back off adjusting ~ turn to relieve pre
load on bearings.

(5) Attach a suitable cord to one of the
wheel mounting lugs and wrap cord
around hub several times. Attach a
spring scale to end of cord. After start
ing resistance is overcome, read the
ROLLINGTORQUE on the spring scale.
Rolling torque is the amount of torque
necessary to keep the hub rolling after
it is in motion. Adujst the torque on the
bearing adjusting nut until a rolling
torque of 11 - 15 Ibs. ft. for the front
hubs or 6 - 10 Ibs. ft. for the rear hubs
is indicated on the 'spring scale.

"---- Fig. 49 - Checking Bearing Preload ---I

Bearing preload torque is figured by
multiplying the radius (the distance
from the center of the wheel to the
point where the cord, attached to the

litho in U.S.A. 11- 27

spring scale, just contacts the wheel
hub) by the reading on the pound scale.

For example: Assume the distance from
the center of the wheel to the cord
contact point is 7 inches, and the read
ing on the pound scale is 24 pounds
multiplying 7 inches by 24 pounds we
get 168 inch pounds. Since our preload
specifications are listed in foot pounds
we divide 168 inch pounds by 12 and
arrive at a reading of 14 foot pounds.

(6) Install nut lock. Back off adjusting nut
to nearest slot if necessary. Recheck
rolling torque with cord and spring
scale.

7. Installation of Sun Gear

a. Install the sun gear thrust washer oli the
axle shaft.

b. Install the sun gear on the axle shaft splines

c. Install the sun gear snap ring in the groove
on the axle shaft.

8. Installation of Planetary Spider and
Wheel Cover

a. Place the planetary spider cage on a
bench or block it up on metal plates.

b. Align the inner thrust washer hole with the
planet pin hole so that the locating tab of
the washer lies in the spider indentation
(Fig. 33).

c. Slide the planet gear and the outer thrust
washer into the planetary spider and align
the holes.

d. Press the planet pins into the spider, small
diameter end first, until the shoulder of the
pins rests against the thrust washers. Turn
the outer end of the pins so that the ma
chined flat is to the outside of the hub
circle. This not only allows for the cover
clearance, but also properly locates the
pin oiling flat.
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e. Install a new spider to the hub gasket after
being sure that all of the studs on the hub
are tight and properly seated.

f. Align the teeth of the planet pinions with
the sun gear and the ring gear teeth, and
install the spider and pinion assembly.

g. Install the spider lockwashers and the nuts.
Torque the nuts to specification (Section VI).

h. Install the planetary wheel cover and the
capscrews. Torque to specification (Sec
tion VI).

11-28

9. Lubrication

a. Rotate the complete hub and drum assem
bly so that the "oil level" plug (located in
the wheel cover) is at the bottom.

b. Remove the "fill" plug (located in the top
of the hub) and the "oil level" plug.

c. Fill the planetary hub with SAE 90 multi
purpose lubricant until the lubricant ap
pears at the "oil level" plug hole. Rein
stall the plugs and tighten them securely.

NOTE: Use SAE Multipurpose lubricant in
the planetary axle outer ends for both
summer and winter operations.
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SECTION XII- BRAKES

Topic Title
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Parking Brake . . . . . . . . . . . . . . . . . . . . . .. 16 28

n 1. DESCRIPTION

The tractor loader is equipped with air brakes
powered by a Bendix-Westinghouse air compres
sor. It is also equipped with a hand operated
parking brake located on the front of the trans
mission.

The Bendix-Westinghouse compressor is belt driven,
pressure lubricated, water cooled, and governor
controlled. It has an output of 7~ cubic feet per
minute.

The air supply that is delivered from the compressor
is stored in two reservoir tanks (located below the
operator's compartment). The tanks maintain an
adequate supply of air that is needed to actuate
the brakes of the front and rear wheels of the
loader. A safety valve (set at 175 P.S.I.) is located
in the left reservoir to prevent excessively high
pressures.

The air application valve releases an air supply to
the front and rear-wheel brake rotochambers
whenever the foot brake pedal is depressed. The
brake rotochambers simultaneously actuate all four

brakes. At the same time, the air application valve
releases an air supply to the transmission cut-off
valve whenever the check valve loccted in the
operator's compartment is open. When actuated,
the clutch cut-off valve diverts all of the power
developed by the engine to the loader hydraulic
system. The air application valve, the air chambers,
the brakes, and the clutch cut-off valve are all
spring released when the foot brake pedal is
released.

A quick release valve is located between the air
chambers of the rear wheels to decrease the re
lease time of the air supply. Otherwise the air
would have a long distance to travel back to the
air application valve in order to be released.

A constant flow of air is delivered from the reser
voir tanks and through the air application valve
to the air compressor governor. The governor con
trols the supply of air whenever the pressure in the
air brake system reaches the minimum of (105 to
110 P.S.I.) or maximum (120 to 125 P.S.I.).
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n
An air supply valve is located in the line between
the air application valve and the governor. The
valve contains a fitting into which a line may be
connected which may be used to maintain an ade
quate supply of air in the loader's tires.

Located between the two air reservoir tanks are

two pressure senders. A low pressure sender is
connected to the loader's horn. Whenever the
pressure drops below 60 P.S.I., the minimum pres
sure required for effective brake application, the
horn signals intermittently to warn the operator.
A high pressure sender is connected to the air
pressure gauge on the instrument panel.

2. AIR COMPRESSOR AND GOVERNOR

A. Air Compressor (Fig. 4)

The air compressor is a single acting, reciprocating
2-cylinder type. The compressor is mounted on
the left rear side of the engine and is belt driven
from the engine crankshaft.

Lubrication for the compressor is provided by an
external oil line extending from the main oil gal
lery of the engine to the rear cover of the com
pressor. The oil enters the drilled passage in the
compressor crankshaft. From this passage, oil
flows through drilled holes in the connecting rods,
pressure lubricating the piston pins and bearings.

n The main ball bearings are splash lubricated by
the oil that spills down into the hollow mounting
base of the compressor. Excess oil drains back into
the engine crankcase through an external oil line.

The compressor is water cooled by an external
water line extending from the engine cylinder block
to the compressor cylinder block. The coolant is
returned from the compressor cylinder head to the
rear portion of the engine water outlet manifold.

The air supply for the compressor is obtained from
the engine air intake manifold. It is cleaned and
filtered by the engine air cleaner.

B. Governor

The air compressor runs continuously whenever
the engine is operating, but the actual compression
of the air is controlled by the air compressor gover
nor. The governor, in conjunction with the air
"unloading" mechanism in the cylinder block, con
trols the air supply by "unloading" the compressor
when the pressure in the air reservoirs reaches a
maximum of 120 to 125 pounds.

1. Compressor Loading (Supplying Air)

During the down stroke of each piston, a partial
vacuum is created above the piston which unseats
the inlet valve. This allows the intake air to enter
the cylinder above the piston.

As the piston starts its upward stroke, the air pres
sure on top of the inlet valve, plus the force of
the inlet valve return spring, closes the inlet valve.

The air above the piston is further compressed
until the pressure lifts the discharge valve. Air is
then released through the discharge line into the
reservoirs.

As each piston starts its down stroke, the discharge
valve returns to its seat, preventing the air that is
delivered to the air reservoirs from escaping back
into the cylinder. The cycle is repeated until the
pressure in the reservoirs reaches 120 to 125 Ibs.

2. Compressor Unloaded
(Not Supplying Air)

When the pressure in the air reservoirs reaches the
maximum setting of the governor (120 to 125
pounds), compressed air from the reservoirs passes
through the governor and into the compressor
block. Entering the cavity below the unloading
pistons, the air pressure lifts the unloading pistons
to open both air inlet valves.

With the inlet valves held off their seats, the inlet
air is passed from one cylinder to the other. During
the upstroke of one piston, the inlet air is forced
through its inlet cavity to the adjacent cylinder
where the piston is on the downstroke.

When the pressure in the reservoirs is reduced to
the minimum setting of the governor (105 to 110
pounds), the valve in the governor closes. The



unloading piston return spring forces its pistons
down and releases the inlet valve springs. The inlet

valves return to their seats and compression is
resumed.

3. AIR COMPRESSOR AND GOVERNOR REMOVAL

A. Preparations for Removal

1. Open the air reservoir drain cocks located
at the bottom of the reservoirs and drain
the air system.

2. Drain the engine cooling system; refer to
"ENGINE COOLING SYSTEM," Section IV.

3. Disconnect all of the air, water, and oil
lines from the compressor.

4. Relieve the tension on the fan and com-

'-- __ Fig. 2 - Air Compressor and Governor
(Installed)

1. Governor
2. Compressor Head
3. Water Coolant Outlet
4. Air Intake
5. Compressor Cylinder Block
6. Drive Pulley
7. Compressor Crankcase
8. Mounting Bracket
9. Lubricating Oil Outlet
10. Air Outlet to Reservoirs
11. Lubricating Oil Inlet
12. Reservoir to Governor Air Inlet
13. Water Coolant Inlet

pressor drive belts. Remove the belts from
the compressor driving pulley.

B. Compressor and Governor, Removal

1. Remove the capscrews, hex nuts, and lock
washers that secure the compressor to the
mounting bracket. Remove the compressor
and governor as a unit.
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4. DISASSEMBLY OF AIR COMPRESSOR

A. Removal of Governor and
Driving Pulley

1. Thoroughly clean the exterior of the com
pressor. Place the parts on a clean work
bench as they are removed in the order of
disassembly. To aid in properly positioning
the cylinder head, the cylinder block, and
the crankcase when they are reassembled,
it is suggested that they be marked.

2. Remove the capscrews and lockwashers
securing the air compressor governor to the
compressor cylinder block. Remove the
governor and the gasket.

1. Compressor Water Coolant Outlet
2. Compressor Air Intake
3. Engine Fan
4. Compressor Drive Shaft, Castle Nut and Cotter Pin
5. Compressor Driving Pulley (Front Section)
6. Driving Pulley Hub
7. Driving Pulley Lockplate Capscrew
8. Driving Pulley Lockplate

3. Remove the cotter pin and the castle nut
that secures the air compressor driving pul
ley on the compressor crankshaft (Fig. 3).
Removethe pulley and the "Woodruff" key.
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Fig. 4 - Air Compressor (Removed)

1. Capscrew (or Nut) and Lockwasher
2. Discharge Valve Capnut
3. Unloader Piston
4. Unloader Spring
5. Unloader Spring Saddle
6. Crankcase
7. Crankcase Cover (Front)
8. Crankcase Cover (Rear)
9. Crankcase Cover Oil Seal
10. Cra nkshaft
11. "Woodruff" Key
12. Cylinder Block

B. Air Compressor Disassembly

1. Remove the capscrews that secure the cyl
inder head to the cylinder block. Remove
the cylinder head and the cylinder head
gasket (Figs. 4 and 5).

2. Remove the discharge valve cap nut from
the top of the cylinder head.

3. Remove the discharge valve springs and
discharge valves from the counterbores in
the top of the cylinder head.
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Fig. 5 - Air Compressor Cylinder Head Details

1. Discharge Valve Cap Nut
2. Capscrew
3. Pipe Plug
4. Discharge Valve Seat
5. Cylinder Head Gasket
6. Discharge Fitting Gasket
7. Stud
8. Cylinder Head
9. Discharge Valve

10. Discharge Valve Spring

NOTE: The discharge valve seats may be
removed at this time if they are worn or
damaged.

4. Remove the inlet valve springs and inlet
valves from their respective counterbores
in the top of the cylinder block (Fig. 6).

5. Remove the unloader spring and spring
seat (Fig. 7).

6. Remove the unloader spring saddle, the
unloader plunger, the un loader pistons, and
the un loader piston grommets (Figs. 6
and 7).

7. Remove the cotter pins, the nuts, and the
bearing caps from each connecting rod
(Fig. 6). Push each piston and connecting
rod assembly out through the top of the
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Fig. 6 - Air Compressor Cylinder Block Details

1. Inlet Valve Guide
2. Inlet Valve Spring
3. Inlet Valve
4. Unloader Plunger and Piston
5. Capscrew (Air Inlet Elbow)
6. Lockwasher
7. Elbow, Air Inlet
8. Gasket
9. Unloader Spring Seat
10. Unloader Valve Spring
11. Unloader Spring Saddle
12. Cylinder Bore
13. Pipe Plug
14. Piston Ring
15. Piston
16. Wrist Pin
17. Piston Ring
18. Wrist Pin Bushing
19. Capscrew
20. Connecting Rod
21. Bearing Inserts
22. Nut
23. Cylinder Block Gasket
24. Connecting Rod Cap
25. Wrist Pin Lockwire
26. Cylinder Block
27. Capscrew and Lockwasher
28. Pipe Plug
29. Bushing
30. Unloader Cup Stop
31. Unloader Cup
32. Grommet
33. Inlet Valve Seat
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UNLOADER
VALVE

7. UNL~~

Fig. 7 - RemovingUnloader Spring and
Spring Seat from Cylinder Slock

Fig. 9 - Removing Crankshaft from Crankcase

L...- Fig. 8 - Air Compressor Crankcase Details ~

1. Crankcase Cover
2. Flange Gasket
3. Crankcase
4. "Woodruff" Key
5. Capscrew

6. Pipe Plug
7. Crankcase Cover (Rear)
8. Metal Seal Ring
9. Gasket
10. Crankshaft

11. Crankshaft Ball Bearing
12. Stud
13. Nut
14. Front Cover Oil Seal
15. Crankshaft Nut

cylinder block. Reassemble the bearing
caps on their respective connecting rods as
they are removed.

8. Remove the pistons from the connecting
rods.

9. Remove the capscrews and lockwashers
that secure the cylinder block to the crank
case. Remove the cylinder block and the
gasket.

10. Remove the capscrews and lockwashers
that secure the end covers to the crank
case. Remove the end covers (Figs. 4 and
8). NOTE: Mark the position of the drive
end of the crankshaft in relation to the
crankcase before removing the crankshaft
from the crankcase.

11. Remove the crankshaft and the ball bear
ings from the crankcase as a unit (Fig. 9).
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5. AIR COMPRESSOR INSPECTION, REPAIRS AND TESTING

Clean all of the parts with a clean solvent to remove
all traces of dirt, oil, and grease before inspection.

Place the cylinder head and the cylinder block in
a cleaning solution to remove all carbon from the
valve cavities, and to remove all rust and scale
from the water cavities.

Use compressed air to blow foreign material from
the cavities. Scrape carbon, dirt and particles of
old gaskets from all surfaces.

Thoroughly clean all of the oil passages in the
crankshaft, the connecting rods, and the end cov
ers with a wire brush. Then flush them with a clean
ing solvent and compressed air.

A. Inspection of Cylinder Head and
Discharge Valves

1. Inspect the cylinder head for cracks or
warpage. Repair or replace the head if
necessary.

2. Test the water passages in the cylinder
head with compressed air. If a leakage is
found, replace the head.

3. Replace the discharge valves if they are
grooved .00311 or more at their position of
contact with the valve seat.

4. Replace the valve seats if they are exces
sively worn. NOTE: The valve seats may be
reused if there is sufficient metal remaining
after they are refaced with a lapping stone.

The discharge valve seat may be replaced
by inserting an IIAllen" wrench in the valve
seat as shown in Fig. 10. Then unscrew the
valve seat from the cylinder head.

NOTE: When installing a new valve seat,
tap the IIAllenll wrench with a soft hammer
to tighten it securely.

After installing new discharge valves, discharge
valve springs, and discharge valve cap nuts, the
discharge travel should be between .036" and
.05811.

Fig. 10 - Removing Discharge Valve Seat
from Cylinder Head •

To test for leakage, apply 100 pounds of air pres
sure through the discharge part of the cylinder
head. Apply soap suds to the discharge valve open
ings in the floor of the cylinder head. leakage
should not exceed a one inch soap bubble in not
less than five seconds.

If excessive leakage is found, leave the air pressure
applied. Using a fiber or hardwood dowel and a
light hammer, tap the discharge valves off their
seats. Do this several times to improve the seal
between the valves and their seats. If the valves
and the valve seats have been conditioned proper
ly, this will reduce the leakage.

leakage tests must also be made by applying soap
suds around the discharge valve cap nuts, with air
pressure applied as above. leakage at the cap nuts
is not permissible.

B. Inspection of Cylinder Block
and Components

1. Inspect the cylinder bores for excessive
wear and scoring.

2. Check the cylinder bores for roundness.
Use an inside micrometer similar to the one
shown in Fig. 11. Measure the bores for
taper and wear. Each should be round
within .00211. There should be no more than
.003" taper. Rebore a cylinder that is more
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2. INSIDE MICROMETER

Fig. 11 - Checking Cylinder Bore for Roundness

than .002/1 out of round, or that has more
than .003/1 taper.

NOTE: Cylinder bores should be finished
bored or honed while the cylinder block is
secured to the crankcase.

3. Inspect the unloader pistons and the piston
grommet for wear (Fig. 6). Replace any
scored unloader pistons. The grommet or
seal ring in the unloader piston should be
replaced. Be careful in reinstalling the un
loader piston in the bore so that the grom
met is not damaged or cut.

When reinstalled, the piston should be a
neat sliding fit in its bore. It may be
necessary to use air pressure, WITH CAU
TION, at the governor part of the cylinder
block to remove the unloader piston for
inspection (after removing the unloader
plunger and associated parts).

After the unit is assembled, the unloader
pistons should be tested by application of
100 pounds of air pressure through the
governor line port. When coating the un
loader pistons with soap suds, leakage
should not exceed a }1/1 soap bubble in
not less than 5 seconds.

4. Replace the inlet valves if they are grooved
.003/1 or more at their position of contact

HAMMER PULLER

4. PULLERADAPTER

3. INLET VALVE SEA

Fig. 12 - Removing Inlet Valve Seat from
Cylinder Block

1. PRESS

13 - Pressing Inlet Valve Seat Into
Cylinder Block

with the valve seats.

5. If the inlet valve seats are not worn ex
cessively, they may be refaced. Other
wise replace them.

The dimension from the top of the cylinder
block to the inlet valve seat should not
exceed .145/1. After installing new seats,
the dimension should be .101/1 to .113/1.
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Using a %" tap, tap the 1.0. of the inlet
valve seat. Using a tool similar to the one
shown in Fig. 12, remove the valve seat
from its bore in the cylinder block.

Press in a new valve seat by using an old
inlet valve positioned on the top of the
new one. Press the valve seat into its bore
in the cylinder block as shown in Fig. 13.

C. Inspection of Pistons and
Connecting Rods

1. Replace a piston that is scored or shows
other indications of improper piston clear
ance.

2. Replace a piston that is cracked on the
inside. Be certain that the drilled holes in
the piston walls are open and clean.

3. Measure the 0.0. of the pistons in relation
to the cylinder bore diameter. The specified
clearance between the piston (without rings)
and the cylinder bore is .002" to .004".

4. Check the fit of the piston pin in the con
necting rod bushing by rocking the piston.
Clearance of the piston pin to the connect
ing rod bushing should not exceed .0015".
If excessive clearance is apparent, replace
the piston pin bushings in the connecting
rod. The bushings should be reamed after
being pressed in place. Replace all used
piston pin lock wires.

5. Inspect the connecting rod bearings for
proper fit on the crankshaft journals. Also
check them for wear. If they are worn,
cracked, or broken, the inserts must be
replaced. Connecting rod caps are not
interchangeable. Position the caps so that
the two locking slots are both located adja
cent to the same capscrew.

Clearance between the connecting rod
journal and the connecting rod bearing
must not be less than .0003" or more than
.0021" after rebuilding the compressor
using insert type rods.

5. CRANKSHAFT

~ __ Fig. J4 - Removing Front Ball Bearing
from Crankshaft

D. Inspection of Crankshaft

1. Crankshaft journals that are more than
.001" out-of-round or bruised must be re
ground. When regrinding, the fillets at the
ends of the journals must be maintained.
Connecting rod bearing inserts .010",
.020", and .030" undersize are available
for reground crankshaft.

2. The screw threads, the keyways, the
tapered ends, and all of the ground and
machined surfaces of the crankshaft must
not be worn excessively or mutilated.

3. The oil seal ring groove in the crankshaft
(fitted with oil seal rings) must not be worn
sufficiently to prevent a good fit on the oil
seal ring. Walls of the oil seal ring grooves
must be square and have a good finish.

4. Inspect the crankshaft ball bearings for
wear and flat spots. NOTE: If the ball
bearings do not rotate freely, the bearings
must be replaced.

5. Inspect the crankshaft ball bearing bores
in the crankcase for wear or damage.

NOTE: The bearings must be a finger press
fit. If the bearings are loose in the bores,
the crankcase must be replaced (Fig. 14).
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6. ASSEMBLY OF AIR COMPRESSOR

A. Crankcase, Assembly

1. Position the crankshaft with the ball bear
ings in the crankcase bores. Becertain that
the drive end of the crankshaft is positioned
as marked in relation to the crankcase.

2. Install a new metal oil seal ring in the rear
end cover (Fig. 15). Using a new gasket,
install the end cover. Secure it to the crank
case with the capscrews and lockwashers.

3. Install a new oil seal in the front end cover.
Place the sealing lip of the seal toward the
inside face qf the cover. Using a new
gasket, install the end cover. Secure it to
the crankcase with the capscrews and lock
washers.

B. Connecting Rods and Pistons,
Assembly

1. Measure the gap between the ends of the
piston rings before the rings are installed
on the pistons.

Select the rings that are to be used on each
piston. Insert them, one at a time, into the
cylinder bore in which they will operate.
Using a piston, push the ring into the ring
travel area.

Measure the ring gap with a feeler gauge
(Fig. 16). The specified ring gap is .007"
to .019".

2. Measure the ring-to-groove clearance from
the top of the ring to the top of the groove
in the piston (Fig. 17). The specified clear
ance for the rings is .0015" to .0030".

3. After the rings are properly fitted, install
the rings on the pistons with the bevel (or
the punch mark) toward the top of the
pistons.

NOTE: When installing the rings on the pis
tons, do not spread the rings more than
necessary.
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3. CRANKCASE COVER (REAR)
COVER (FRONT)

Fig. 15 - Crankcase End Cover Assemblies

--- Fig. 16 - Checking Piston Ring Gap __ ---'

3.

Fig. 17 - Checking Piston Ring-to-Groove
Clearance



Position the rings with the scrapeI' edges
down and the chamfered edges toward the
top of the piston. Stagger the ring gaps
evenly around the piston. Apply clean oil to
the rings and the pistons before installing
them in the cylinder bores.

4. Replace the connecting rod bushings if
they are worn. Press out the old bushing
from the connecting rod and press in a new
one.

When new bushings are installed, be sure
that the oil hole in the bushings line up
with the rifle drilled oil hole in the con
necting rod.

The specified clearance of the piston pin to
the connecting rod bushing should not ex
ceed .0015". Ream the connecting rod
bushing to obtain the specified clearance.

5. Insert the upper end of the connecting rod
into the piston. Install the piston pin in the
piston so that the lock wire pin holes in the
piston pin are aligned with the lock wire
pin holes in the piston.

Install the long end of the lock wire pin in
the piston and the piston pin so that the
short end of the lock wire pin may be
locked near the bottom of the piston skirt.

NOTE: Install new lock wire pins each time
that the pistons and the connecting rods
are assembled.

C. Cylinder Block and Components,
Assembly

1. Place a new cylinder block gasket on the
crankcase; then position the cylinder block
on the crankcase in accordance with the
markings made before disassembly. Se
cure them with the capscrews and lock
washers.

2. Remove the connecting rod cap from the
connecting rod. Stagger the piston ring
gaps evenly around the pistons. Lubricate
the piston and the rings with clean engine
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Fig. J8 - Installing Piston in Cylinder Block

oil. Use a piston ring compressor and tap
on the upper end of the piston (Fig. 18) to
insert the piston and connecting rod in the
cylinder bore.

NOTE: Align the lower end of the connect-
ing rod with the crankshaft before inserting lJ
the piston into the bore.

3. Lubricate and install a bearing shell in the
connecting rod. Position the tang of the
bearing shell in the corresponding slot in
the connecting rod. Then position the rod
on the crankshaft journal.

4. Lubricate and install a bearing shell in the
connecting rod bearing cap. Position the
tang of the bearing shell in the corre
spondinp slot in the bearing cap.

Install the bearing cap and shell. Install
and tighten the connecting rod nuts and se
cure them with cotter pins.

5. Lubricate the un loader cup counterbores
in the cylinder block (Figs. 6 and 7), the
unloader pistons, the piston cups, and the
piston cup grommets with clean oil. In
stall the grommets on the unloader cups.

6. Install the unloader cups (with grommets
in the unloader cup counterbores) in the
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cylinder block. Install the unloader pistons
in the unloader cups. Install the unloader
spring saddle on the unloader pistons. In
stall the spring seats in the top of the cyl
inder block strainer opening; and install
the unloader spring between the spring
guide and the spring saddle.

2. Install the discharge valve and the dis
charge valve spring in the cylinder head
(Fig. 5).

3. Install and tighten the discharge valve cap
nut.

7. Install the inlet valve guide, the valves, and
the inlet valve springs on the inlet valve
seat.

4. Place a new cylinder head gasket on the
cylinder block. Position the cylinder head
on the cylinder block in accordance with the
markings made before disassembly. Secure
them with the capscrews and lockwashers.

D. Cylinder Head and Discharge
Valves, Assembly NOTE: Carefully align the inlet valve

springs with the counterbore in the cylin
der head.1. Install the discharge valve seat if it was

removed (Fig. 10).

7. GOVERNOR DISASSEMBLY, INSPECTION AND ASSEMBLY

\1 13
~'\,~~

~~\\~ m
16 15 14 11
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19
21 20

.__- Fig. 19 - Air Compressor Governor Details __.

1. Cotter Pin
2. Locknut
3. Upper and Lower Diaphragm Followers
4. Diaphragm
5. Diaphragm Stem
6. Diaphragm Stem Grommet
7. Spring Cage
8. Gasket
9. Filter
10. Rubber Washer
11. Sealing Ring
12. Filter Cap
13. Spring Cage Capnut
14. Adjusting Nut
15. Pressure Spring Seat

16. Pressure Setting Spring
17. Capscrew
18. Exhaust Stem
19. Exhaust Stem Spring
20. Valve Body
21. Machine Screw
22. Exhaust Stem Grommet
23. Guide Bushing
24. Shims
25. Inlet Valve Seat
26. Inlet Valve Seat Grommet
27. Inlet - Exhaust Valve
28. Inlet Valve Spring
29. Inlet Valve Seat Retaining Spring
30. Valve Body Capnut
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A. Governor Disassembly

1. Remove all of the dirt and grease from the
exterior of the governor using a clean sol-
vent or fuel oil.

2. Remove the two filter caps (Fig. 19) with
the sealing rings (located at the bottom of
the governor). Remove the rubber washer
and the filters from the counterbores in the
bottom of the spring cage.

3. Remove the valve body capnut and the seal-
ing ring. Remove the inlet valve spring, the
seat retaining spring, and the inlet exhaust
valve. Remove the inlet valve seat and the
shims.

NOTE: When removing the inlet valve seat,
use care to prevent damage to the seat sur-
face.

4. Remove the spring cage capnut and the
sealing ring. Remove the cotter pin and the
locknut from the diaphragm stem assembly.
Remove the spring seat and the pressure
setting spring from the diaphragm stem.

5. Remove the machine screws that secure the
valve body to the spring cage. Remove the
valve body. Remove the diaphragm and
stem assembly from the spring cage.

6. Remove the cotter pin and the locking nut
from the diaphragm and the followers from
the stem.

7. Remove the exhaust stem and the exhaust
stem spring from the valve body.

8. Remove the grommets from the inlet valve
seat and the diaphragm stem.

B. Governor Inspection

1. Thoroughly clean all of the parts in a clean
solvent. Be certain that all of the passages
in the valve body, the spring cage, and the
exhaust stem are not obstructed. Reuse the
filters after they are thoroughly washed
in a clean solvent.
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2. Replace the seats on the inlet-exhaust valve
if it is worn or damaged.

3. Replace the inlet valve seat and the valve
seat in the exhaust stem if they are worn or
damaged.

4. Replace the exhaust stem in the guide bush
ing if they fit loosely.

NOTE: The exhaust stem should be a slide
fit in the guide bushing.

c. Governor, Assembly and
Installation

1. Install a new grommet in the groove in the
exhaust stem bore of the valve body.
(Fig. 19).

2. Install a new grommet in the groove in the
diaphragm stem. Place the lower follower
on the stem with the beveled side up. Place
the diaphragm over the lower follower.
Then place the upper follower on the stem
with the beveled side toward the dia
phragm.

3. Install the diaphragm locknut and tighten
it to a torque of 10 to 15 Ibs. in. Secure the
locknut with a cotter pin.

4. Position the diaphragm assembly so that
the two openings of the diaphragm are
aligned with the air passages of the spring
cage.

DIAPHRAGM FOLLOWER
(UPPER)

3. DIAPHRAGM

DIAPHRAGM STEM

SPRING CAGE

'-- __ Fig. 20 - Installing Diaphragm and __ ---'
Stem Assembly in Spring Cage



5. Place the exhaust stem spring and the ex
haust stem in the valve body. Then position
the valve body on top of the spring cage.
Be sure that the air passages of the valve
body are aligned with air passages of the
spring cage.

Secure the valve body to the spring cage
with the machine screws.

6. Install the filters and the rubber washers
in the bores of the spring cage. Using a new
sealing ring on each filter cap, install and
tighten the filter caps securely.

7. Measure the total inlet-exhaust valve travel,
using a dial indicator, as follows:

Pull the diaphragm assembly stem out as
far as it will go. Set the dial indicator at
zero when it contacts the exhaust valve
stem. Then push the stem completely in
and note the reading on the indicator. The
total valve travel should be .060" to .098".

n

8. Install the shims, the inlet valve seat, and
the inlet-exhaust valve. Repeat the above
procedure with the dial indicator. Set the
indicator at zero when it contacts the end
of the inlet valve.

Add or remove shims under the inlet valve
seat until the valve travel is .030" to .040".

9. Place the inlet valve spring and the inlet
valve seat retaining spring in the valve
body. Install the valve body capnut (with
the sealing ring). Tighten it securely.

10. Place the pressure setting spring and the
pressure spring seat over the diaphragm.
Install the adjusting nut, but do not install
the cotter pin at this time. Install the pres
sure spring capnut (with the sealing ring),
but do not tighten it at this time.

11. Using a new gasket, install the governor
on the air compressor. Secure them with the
capscrews and lockwashers.

8. AIR COMPRESSOR AND GOVERNOR, INSTALLATION

A. Installation to the air compressor.

1. Install the "Woodruff" key in the air com- 2. Fill the engine cooling system; refer to the
pressor crankshaft. Install the compressor "ENGINE COOLING SYSTEM," Section IV.
driving pulley on the crankshaft; align the
keyway in the pulley with the key in the c. Governor Adiustment
shaft. Secure the pulley with the nut and

1. Remove the pressurethe cotter pin. spring capnut.

2. Using a new flange gasket, install the com- 2. Start the engine.
pressor on its mounting bracket. Secure it

3. Observe the air pressure gauge on the in-with the hex nuts and lockwashers.
strument panel at the time that air begins

3. Position the compressor drive belts on the to escape from the spring cage. If the
compressor driving pulley. Adjust the belts. gauge registers 120 to 125 pounds, the
The fan and compressor drive belt is prop- governor is properly adjusted. If the pres-
erly adjusted when the belt can be pressed sure gauge reading is below 120 pounds,
inward approximately 1f2- to %-inch at a turn the adjusting nut (Fig. 19) clockwise;
point half-way between the fan and com- if the reading is above 125 pounds, turn the
pressor. adjustment nut counterclockwise until the

proper adjustment is obtained.
B. Preparing Loader for Governor

Adiustment 4. Install and tighten the spring cage capnut.

1. Connect all of the air, water, and oil lines
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9. AIR RESERVOIRS

A. Description

The two air reservoirs (located beneath the opera
tor's compartment) store a volumn of compressed
air needed for the operation of the brakes.

The reservoirs are made from steel plates with
stamped heads and rolled shells. The seams are
electrically welded, and each is internally coated
for corrosion resistance.

Although some water vapor condenses in the reser
voir on the right side of the loader, ~he left side, or
"wet" reservoir provides a location where air,
heated by compression, may be cooled and most
of the water vapor condensed. It is equipped with
a safety valve to unseat at 175 P.S.I.

When the engine is stopped there is an adequate

supply of air for several brake applications. A
check valve is installed in the reservoir on the right V
side of the loader so that a supply of air is avail-
able for braking if the air supply line from the
compressor should become inoperative.

Drains are located in the bottom of each reservoir.
The reservoirs should be drained daily so that the
air system is kept clean and free of condensation.

B. Removal and Installation of
Air Reservoirs

Either air reservoir may be removed by disconnect
ing the air hoses, and by removing the capscrews
attaching the reservoir to the loader. The reservoirs
may be installed by a direct reversal of the removal
procedure.

10. SAFETY VALVE

A. Description

The safety valve (located in air reservoir on the
left side of the loader) protects the air system from
excessive air pressure above 175 pounds.

The safety valve consists of a spring-loaded ball
check valve which lifts and permits air to exhaust
into the atmosphere if the pressure in the reservoir
rises above the safety valve setting.

B. Safety Valve Removal, Disassembly,
Assembly and Installation

1. Remove all of the dirt and grease from the
exterior of the safety valve.

2. Remove the safety valve from the air reser
voir.

3. loosen the locknut. Remove the adjusting
screw, the pressure regulating spring, the
stem, the spring seat, and the base valve
from the spring cage. Remove the spring
cage from the valve body.

4. Clean all of the parts in a clean solvent or
diesel fuel. Inspect the ball valve for pitting

or scratches. Replace the safety valve if the
ball valve or the valve seat is nicked or
pitted. V

5. Assemble the safety valve in reverse order
of the disassembly procedure.

6. Install the safety valve and tighten it se
curely.

c. Testing the Safety Valve

Both an operating and a leakage test must be
made after the safety valve is rebuilt or repaired.

The valve must meet the following specifications:

1. The leakage at the exhaust port should not
exceed a one inch soap bubble in one sec
ond (exhaust port coated with soap suds).

2. The safety valve should be set to unseat at
approximately 175 pounds. The pressure
setting may be adjusted by loosening the
locknut and then turning the adjusting nut.

Turn the adjusting nut clockwise to raise the
pressure setting, or counterclockwise to
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lower the pressure setting.

After the pressure setting is completed, se
cure the adjusting nut with the locknut.

NOTE: An accurate test gauge should be
used when ad;usting the pressure setting
of the safety valve.

11. BRAKE PEDAL AND AIR APPLICATION VALVE

A. Descri ption

Movement of the brake pedal controls the air ap
plication valve (Fig. 21) which in turn controls the
air pressure being delivered to, or released from,
the brake rotochambers and air chambers. The
chambers then actuate the brakes.

The further the brake pedal is depressed, the
greater the amount of air pressure delivered to the
rotochambers - and the more effective the brake
application.

n

As the brake pedal is depressed, pressure is ex
erted on the piston and the pressure regulating
spring (Fig. 22). The movement of the piston is
stopped when it contacts the inlet-exhaust valve
and pushes the valve against the exhaust seat on
the air application valve body. Simultaneously, the
inlet valve opens. Air pressure from the reservoirs
passes through the inlet valve to the chambers,
applying the brakes. Air pressure from the cham
bers is prevented from escaping at the exhaust
valve seat on the air application valve body.

With the brake pedal partially depressed, the inlet
air pressure from the reservoirs closes the inlet

Fig. 22 - Ai, Application Valve Cut-Away View

1. Boot
2. Valve Body Mounting End Plate
3. Valve Body
4. Pressure Regulating Spring
5. Piston
6. Exhaust Valve Seats
7. Inlet-Exhaust Valve
8. Inlet Nut
9. Seal Ring (Valve Body)
10. Seal Rings (Piston)
11. "Allen" Head Machine Screw
12. Piston Rod

valve. At the same time, the exhaust valve moves
from its seat on the air application valve body, but
remains seated on the exhaust port that extends
through the piston. Air pressure from the reservoirs
and from the chambers is stopped. The brakes are
held in the applied position.

When the brake pedal is fully released, the inlet
valve remains closed. As the piston moves from the
inlet-exhaust valve, air pressure from the roto
chambers is exhausted. The brakes are then
fully released.

B. Brake Pedal and Air Application
Valve Removal, Disassembly, and
Inspection

1. Remove the panels from both sides of the
operator's compartment.
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2. Remove all of the dirt and grease from
the exterior of the valve and brake pedal
assembly.

3. Disconnect all of the air lines leading to the
valve. Remove the leads from the stop light
switch.

4. Remove the brake return spring and the
spacer from the brake pedal. Remove all of
the capscrews, the lockwashers, and the
nuts that secure the brake pedal assembly
to the mounting pad (Fig. 21). Remove the
assembly from the mounting pad and place
it on a clean work bench.

LOCK PIN 3. BRAKE VALVE CLEVIS

Fig. 23 - Removing Brake Pedal Assembly
Hinge Pin

5. Remove the cotter pin and the lock pin
from the brake pedal hinge pin. Remove
the hinge pin (Fig. 23).

6. Remove the cotter pin and the pin that con
nects the valve clevis to the brake pedal
(Fig. 23).

7. If necessary for parts replacement, remove
the seals and the bearings from both ends
of the brake pedal.

8. Remove the rubber boot from the valve
mounting plate. Remove the capscrews, the
lockwashers, and nuts that secure the valve
to the bracket (Fig. 23).

9. Remove the machine screws from the end
plate (Fig. 25). Remove the piston and pres-
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Fig. 24 - Brake Pedal Showing Seal and
Bearing Removed from One End

1. VALVE BODY

PLATE

1
5. MACHINE SCREW1 A

Fig. 25 - Valve End Plate, Piston and Pressure
Regulating Spring, Piston Spring, and

Valve Body

2. PISTON AND PRESSUREREGULATING
SPRING ASSEMBLY

Fig. 26 - Removing Machine Screw from
Piston and PressureRegulating Spring Assembly
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1. PISTON ROD

_ _/ 2. SPRING SEAT

~__.( 3. PRESSURE REGULATING SPRING&Jf~ 4. PISTON.rf S. SEAL RINGSdi [SHER

/"'0
7. MACHINE SCREW

Fig. 27 - Piston and Pressure Regulating
Spring Details

sure regulating spring assembly, and the
piston spring from the valve body.

10. Remove the "AlIen"-head machine screw
and the washer from the piston rod (Fig.
26). Remove the pressure regulating spring,
the spring seat and the piston rod from the
piston (Fig. 27). Remove the seal rings from
the piston.

11. Remove the inlet nut and the seal ring from
the valve body (Fig. 28). Remove the inlet
exhaust valve.

12. Wash all of the metal parts in a clean sol
vent or diesel fuel. Inspect them for cracked,
broken, or worn parts.

Replace the piston assembly as a unit if it
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1. VALVE BODY

Fig. 28 - Valve Inlet Nut, Seal Ring,
Intake-Exhaust Valve, and Valve BodyDetails

is damaged in any way. Replace the other
parts of the brake and valve assembly if
they are worn or damaged.

c. Brake Pedal and Air Application
Valve Assembly and Installation

The brake pedal and valve assembly may be as
sembled and installed in reverse order of the re
moval and disassembly procedure above.

NOTE: Replace the seal rings on the inlet nut (Fig.
28), and on the piston (Fig. 27).

IMPORTANT: Lubricate the seal rings and the sur
faces that they contact in the valve body with bari
um grease.



A. Description

12. QUICK RELEASEVALVE

The rear brake rotochambers are equipped with
a quick release valve (Fig. 1). The quick release
valve decreases the release time of the rear brakes
by exhausting the volume of air in the rotocham
bers close to the rotochambers.

If the quick release valve was not used, the air
would have to travel through relatively long lines
to exhaust at the air application valve.

The quick release valve consists of a body contain
ing a spring loaded diaphragm. It permits air pres
sure to flow through the valve in one direction ex
cept when the supply of air pressure is reduced.
Then the air which has passed through the valve
is permitted to escape through the exhaust port
of the valve.

B. Quick Release Valve Removal
and Disassembly

1. Remove a" of the dirt and grease from the
exterior of the quick release valve, using a
clean solvent or diesel fuel.

2. Disconnect a" of the air lines leading to the
quick release valve assembly.

3. Remove the capscrews, the lockwashers,
and the nuts securing the valve assembly.
Remove the valve.

4. Unscrew the valve cover from the valve
body.

5. Remove the diaphragm spring, the dia
phragm seat, and the diaphragm from the
valve body.

c. Quick Release Valve Inspection
and Assembly

1. Wash a" of the metal parts in a clean sol
vent or diesel fuel.
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2. Inspect the diaphragm for signs of crack-
ing, wear, or damage.

Inspect the lower face of the diaphragm \..-I
which contacts the exhaust port seat in the
valve cover for signs of pitting or grooving.
Replace the diaphragm if any of these con-
ditions are found.

3. Inspect the condition of the exhaust port
seat on the valve cover for signs of pitting.
The seat must be smooth and flat. If the ex-
haust port has deep scratches or pitting, the
cover must be replaced.

4. Inspect the diaphragm spring seat for wear
or damage. Replace it if necessary.

NOTE: If the exhaust port seat on the valve
cover shows scratches or pitting, it can
sometimes be repaired by carefully lapping
the seat. Use a piece of fine emery cloth on
a flat surface.

5. lnstoll the diaphragm in the valve body LIwith the shoulder of the valve directed to-
ward the top of the valve body.

6. lnstoll the diaphragm spring seat with the
shoulder of the seat directed toward the
top of the valve body.

7. lnstcll the diaphragm spring in the valve
body. lnstoll the valve cover in the valve
body. Tighten it securely.

8. Place the quick release valve assembly in
position. Secure it with the attaching cap-
screws, lockwashers and the nuts.

9. Connect the air lines to the valve.



13. ROTOCHAMBERS AND AIR CHAMBERS

A. Description

n The brake rotochambers, and the air chambers,
convert the energy of compressed air into the me
chanical force and motion necessary to operate the
brakes. Rotochambers are located on the rear
wheels and air chambers are located on the front
wheels. Although both operate similarly, they are
not constructed exactly alike.

As air pressure enters the chamber (air chamber
or rotochamber) behind the diaphragm, the dia
phragm forces the push rod outward actuating the
brake slack adjuster and the brake cam.

The slack adjustor (or adjustor lever), the camshaft,
and the cam are rotated and spread the brake
shoes against the brake drum, applying the brake.

When the air pressure is released from the cham
ber, the brake shoe release spring and the chamber
release spring both return the brake shoes, the
camshaft, the slack adjuster, and the diaphragm
to release the brake.

B. Rotochambers (Rear Wheels) Removal

1. Thoroughly clean the rotochamber and the
surrounding area (Fig. 29). Disconnect the
air hose from the rotochamber. Cover the
end of the hose.
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2. Remove the cotter pin from the clevis pin
that attaches the rotochamber push rod to
the adjustor lever. Remove the clevis pin.

3. Remove the nuts and the lockwashers that
attach the rotochamber to its mounting
bracket. Remove the rotochamber and
place it on a clean work bench.

c. Rotochamber (Rear Wheels) Removal,
Disassembly and Inspection

1. Loosen the clevis locknut (Figs. 30 and 31)
and turn the push rod clevis off of the push
rod.

2. Remove the capscrews and the lockwashers
that attach the cover to the rotochamber
body. Remove the cover and the return
spring.

3. Remove the nuts and the lockwashers from
the outer diaphragm clamp studs. Remove
the outer and the inner diaphragm clamps,
the diaphragm, the diaphragm guide, and
the push rod as a unit from the rotochamber
body.

4. Free the edge of the diaphragm from the
outer diaphragm clamp. Remove the outer
diaphragm clamp.

5. Remove the nuts and the lockwashers from
the inner diaphragm clamp studs. Remove
the inner diaphragm clamp, the diaphragm,
and the diaphragm guide from the push rod.

6. Clean all of the parts in a clean solvent or
diesel fuel. Inspect the rotochamber body,
the inner and the outer diaphragm clamps,
and the diaphragm guide for wear. Re
place them if necessary.

Inspect the push rod assembly. Replace it
if it is bent. Replace the push rod spring
if it is damaged.
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3. INNER DIAPHRAGM CLAMP
2. OUTERDIAPHRAGM CLAMP

4. DIAPHRAGM

Fig. 31 - Rotochamber - Sectional View

10. BOOT

L...- Fig. 30 - Rotochamber Details ---'

1. Clevis locknut
2. Rotochamber Body
3. Outer Diaphragm Clamp
4. Inner Diaphragm Clamp
5. Diaphragm Guide
6. Push Rod
7. Diaphragm
8. Push Rod Return Spring
9. Rotochamber Cover
10. Rotochamber Mounting Stud
11. Rubber Boot

D. Rotochamber (Rear Wheels) Assembly,
Installation, Adiustment, and
Final Inspection

1. Using a good grade of air brake cylinder
grease, lightly coat the inside wall of the
rotochamber body.
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2. Using a new diaphragm and rubber boot
(Figs. 30 and 31), assemble the roto
chamber in reverse order of the assembly
procedures above.

3. Position the rotochamber on the mounting
bracket. Secure it with the nuts and the
lockwashers. Connect the push rod clevis
and the adjustor lever with the clevis pin.
Secure the pin with a cotter pin. Connect
the air hose to the rotochamber.

4. Adjust the brakes, refer to "BRAKES" in
this Section.

5. With the air system operating at normal
pressure (110 to 120 P.S.I.) and the brakes
fully applied, check for air leakage through
the rotochamber diaphragm as follows.
Free the rubber boot from the rotochamber
cover. Coat the push rod clearance hole
with soap suds. If there is an air leak at
this point, the diaphragm is leaking air and
it must be replaced.

E. Air Chamber (Front Wheels) Removal,
Disassembly and Inspection

1. Thoroughly clean the air chamber and the
surrounding area (Figs. 32 and 33). Discon
nect the air hose from the air chamber.
Cover the end of the hose.

2. Remove the cotter pin from the clevis pin
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Fig. 32 - Air Chamber and Slack Adiustor
Installed

that attaches the air chamber push rod
to the slack adjustor. Remove the clevis pin.

3. Remove the nuts and the lockwashers that
attach the air chamber to the mounting
bracket. Remove the air chamber and
place it on a clean work bench.

4. Loosen the clevis locknut and turn the push
rod clevis off the push rod. Remove the
locknut.

5. Remove the clamp from the air chamber
body halves. Be careful not to damage the
diaphragm that is held by the clamp be
tween the two air chamber body halves.

6. Separate the body halves. Remove the

diaphragm, the push rod, and the return
spring.

7. Clean all of the metal parts in a clean
solvent. Inspect them for wear or damage.
Replace them if necessary.

F. Air Chamber (Front Wheels) Assembly
and Installation

The air chamber may be assembled and installed
in reverse order of the removal and disassembly
procedures above.

NOTE: Lubricate the front brake camshaft at the
lube fittings shown in Fig. 33 with pressure gun
lubricant.

14. SERVICE BRAKES

A. Description

The foot operated brakes are actuated by com
pressed air. As previously described in this Section,
a group of valves in the air brake system maintain
a supply of compressed air, some of the valves di
rect and control the flow of compressed air; and the
other valves (the air chambers and rotochambers)
transfer the energy of the compressed air into
mechanical force and motion.

The brake shoe assemblies are attached to the
axles. They are heavy duty, two-shoe type as
semblies that are designed for use with power.
The brake shoes are mounted with individual an
chor pins. They are actuated by "5" type, constant
lift cams. The cams are forged integral with the
shaft and they are mounted in bushings. When the
brakes are applied cam pressure is applied direct-

12-23



Iy to the brake shoes. Dust shields are mounted on
the back side of the brake shoes to protect the
assemblies from dirt.

B. Service

Time intervals for brake service depend upon the
operating conditions. However, the brakes require
adjustment when the travel of the brake roto
chamber push rod reaches 21,41/.

Lubrication of the brake linkage is also a periodic
service. It should be lubricated when necessary for
ease of operation.

When frequent brake adjustment is necessary, re
move the dust shield from the back side of the
brake assembly. Inspect the brake linings for wear.
The linings must be replaced before they are worn
to a point where the lining retaining rivets contact
and score the brake drum.

C. Service Brakes, Adiustment

The brakes are properly adjusted when the travel
of each air chamber and rotochamber push rod is
approximately 1112" when the brakes are applied.

As the brake shoe linings wear, the free travel of
the brake chamber push rod increases. When the
travel (the total travel between the fully released
and the fully applied positions) increases to ap
proximately 21,41/, the brakes require adjustment.

Brakes that are adjusted too tightly cause heating,
unnecessary brake wear, and loss of power. If
they are adjusted too loosely, they wear rapidly
because of excessive slipping.

To adjust the rear brakes proceed as fotfows:

1. Remove the brake cam lock ring that se
cures the adjustor lever to the camshaft
(Fig. 29).

2. Remove the cotter pin from the push rod
clevis pin. Remove the clevis pin.

3. Remove the adjustor lever, and rotate it as
necessary to obtain 1%" travel of the roto
chamber push rod when the brakes are fully
applied.

4. When the correct adjustment is obtained,
insert the adjustor lever on the splined end
of the brake camshaft. Secure it with the
lock ring.

5. Install the clevis pin through the push rod
clevis and the adjustor lever. Secure it with
a cotter pin.

CAUTION: After adjusting the rear brake,
suitably block the loader and raise the
wheels off the ground. Check the wheels to
be certain that the brakes are not dragging
when they are fully released.

To adjust the front brakes proceed as follows:

Turn the slack adjustor nut (Fig. 32) as necessary to
obtain 1112" travel of the rotochamber push rod
when the brakes are fully applied.

CAUTION: After adjusting the front brakes, suit
ably block the loader and raise the wheels off the
ground. Check the wheels to be certain that they
are fully released.

D. Service Brake Shoes, Removal

The wheels and brake drums must first be removed
from the tractor; refer to "AXLES," Section XI.

After the wheels and brake drums are removed, the
shoes may be removed as follows:

1. Remove the return springs from the lugs
on the brake shoes (Figs. 34, 35, and 36).

2. Remove the retainer spring and the retainer
from the ends of each anchor pin.

3. Remove the locking wire and the cap
screws that secure the anchor pin in the
spider.

4. Remove the anchor pin and remove the
brake shoes.

E. Service Brake Shoes Inspection
and Repair

New brake shoes must be installed, or the linings LI
on the brake shoes replaced, before the linings
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are worn to a point where the lining retainer rivets
contact and score the brake drums.

If the brake drum is worn, scored, or grooved ex
cessively, it must be replaced.

NOTE: Refacing of the brake drums ;s not recom
mended because of the reduced strength of refaced
drums.

Inspect the brake shoe bushings, the anchor pins,
and the felt washers. Replace any worn or dam
aged parts.

Fig. 34 - Front Brake Shoe Assembly Installed

2

'--------------- Fig. 35 - Front Brake Assembly Details ---1

1. Dust Shield
2. Brake lining
3. Brake Shoe
4. Return Spring
5. Retainer Spring
6. Slack Adjuster
7. Retainer Spring
8. Anchor Pin
9. Retainer
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10. Mounting Bracket (Air Chamber)
11. Lock Ring
12. Air Chamber
13. Bushing
14. Felt Seal
15. Retainer
16. Washer
17. Camshaft



3

! /1

l

u

'----- Fig. 36 - Rear Brake Assembly Details ---- .....J

1. Dust Shield
2. Brake Shoe
3. Return Spring
4. Slack Adjuster Lever
5. Rotochamber
6. Mounting Bracket (Rotochamber)
7. Camshaft
8. Washer

NOTE: If new bushings are installed in the brake
shoes, the bushing must be reamed to the anchor
size.

F. Service Brake Shoes, Brake Drum
and Wheel, Installation

1. Install the brake shoes in reverse order of
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9. Retainer and Felt Washer
10. Bushings
11. Retainer Ring
12. Felt Washer and Retainer
13. Retainer
14. Anchor
15. Return Spring

the removal procedure above.

2. Install the brake drums and wheels; refer
to "AXLES," Section XI.

3. Adjust the brakes; refer to "SERVICE
BRAKES,ADJUSTMENT," in this topic.



15. CLUTCH CUT-OFF CHECK VALVE

A. Descriptionn With the service brakes applied, the clutch cut
off check valve (located below the seat in the op
erator's compartment) controls the flow of air
pressure required to actuate the transmission clutch
cut-off valve (Fig. 1).

When the check valve is open and the brakes are
applied, an air supply flows from the air applica
tion valve, through the check valve, and to the
clutch cut-off valve. The clutch cut-off valve is ac
tuated to stop the flow of oil in the transmission and
the oil pressure required to apply the transmission
clutches. Full engine power is then available for
the operation of the loader hydraulic system.

When the check valve is closed, no air pressure is
applied to the transmission clutch cut-off valve.
Normal oil pressure is available to operate the
transmission clutches for precise control of the
loader at all times.

n B. Clutch Cut·Off Check Valve Removal,
Disassembly, Inspection, Assembly
and Installation

1. Clean the dirt and grease from the check
valve and surrounding area. Remove the
air lines leading to the valve.

2. Remove the capscrews, the washers, and
the nuts that secure the valve to the loader.
Remove the valve and place it on a clean
work bench.

3. Remove the pin (Fig. 37) that secures the
lever to the valve body. Remove the lever.
Remove the plunger, the plunger grommet,
and the plunger return spring.

4. Remove the capnut and the sealing ring
from the end of the valve body. Remove
the valve spring and the valve.
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Fig. 37 - Clutch Cut-Off Check Valve - __ ....
Cut-Away View

1. lever
2. Pin
3. Plunger
4. Plunger Grommet
5. Pipe Plug
6. Capnut
7. Sealing Ring
8. Valve Spring
9. Valve
10. Plunger Return Spring
11. Valve Body

5. Clean all of the metal parts in a clean
solvent or diesel fuel.

6. Inspect the parts for wear or damage. Re
place them if necessary.

7. The clutch cut-off check valve may be as
sembled and installed in reverse order of
the removal and disassembly procedures
above.

NOTE: Be careful not to damage the plung
er grommet when installing the plunger.



16. PARKING BRAKE

A. Description

The parking brake is located on the front output
side of transmission. It is hand operated and ad
justed by means of a lever located on the left rear
side of the operator's compartment.

B. Parking Brake, Removal and
Disassembly

Refer to "TRANSMISSION," Section X.

c. Parking Brake, Inspection

New brake shoes must be installed, or the linings
on the brake shoes replaced, before the linings
are worn to a point where the lining retainer
rivets contact and score the drums.

If the brake drum is worn, scored, or grooved ex
cessively, it must be replaced. The brake drum may
be refaced if the refacing does not reduce the
strength of the drum.

Inspect the brake shoe parts for any worn or dam
aged parts. Replace them if necessary.

D. Parking Brake, Assembly and
Installation

Refer to "TRANSMISSION," Section X.

E. Parking Brake Lever, Removal,
Disassembly and Inspection

1. Remove the parking brake lever and trans
mission lever cover panel.

2. Remove the cotter pin and the lower clevis
pin and the washer from the lever assem
bly (Fig. 38).

3. Remove the capscrews, the lockwashers,
and the nuts that attach the lever assembly
to the loader. Remove the lever assembly.

4. Turn the cap and the adjusting knob out
from the threaded rod. Remove the ball and
the spring.

5. Turn the threaded rod out from the adjust
ing tube.
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Fig. 38 - Parking Brake Lever Assembly Details

1. Cap
2. Spring
3. Ball
4. Adjusting Knob
5. lever Assembly
6. Rod (Threaded Both Ends)
7. Adjusting Tube
8. Spring Washer
9. Clevis Pin
10. link
11. Clevis Pin
12. Plain Washer
13. Cotter Pin
14. Plain Washer
15. Retaining Ring



n

6. Remove the retaining ring, the clevis pin
and the washers. Removethe adjusting tube
and the link.

7. Inspect the parts for wear or damage. Re
place them if necessary.

F. Parking Brake Lever, Assembly
and Installation

The parking brake lever assembly may be assem
bled and installed in reverse order of the removal
and disassembly procedures above.

G. Parking Brake, Adiustment

The parking brake is adjusted by turning the ad
justing knob (Fig. 38) on the parking brake lever
assembly.

Turn the adjusting knob clockwise as far as it will
go. With the adjusting knob in this position, the
lever should not be able to be pulled down into the
"release" position.

Turn the knob counterclockwise until it requires
firm pressure to release and apply the parking
brake. In this position, the parking brake is prop
erly adjusted.
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SECTION XIII - MAIN FRAME, DRAWBAR AND COUNTERWEIGHTS

Topic
Topic Title No.

General Description . . . . . . . . . . . . . . . . .. 1
Main Frame .... . . . . . . . . . . . . . . . . . . .. 2
Counterweights . . . . . . . . . . . . . . . . . . . . .. 3
Drawbar . . . . . . . . . . . . . . . . . . . . . . . . . .. 4
Braces. . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5
Radiator, Grill and Support. . . . . . . . . . .. 6

1. GENERAL DESCRIPTION

A. Main Frame

The main frame (Figs. 1 and 2) is a one-piece
welded steel structure. The front end of the frame
consists of a steel box made of two channels. The
rear end is a bolting plate that is used to attach
the drawbar and the upper and lower counter
weight castings.

B. Axle Supports

The front and rear axle supports (Figs. 1 and 2)
are welded to the side frames. The front axle sup
port has bosses for pin-connecting the axles to the
loader, and also provides a means for attaching

Page
No.

1
3
3
3
3
6

the brake valve mounting and the brake levers.

The rear axle support provides the bosses and
bushings for pin-connecting the steering axle sup
port yokes.

C. Stabilizer Weld Assembly

The two stabilizer weld assemblies (Figs. 1 and 2)
are welded to the side frames, one located near the
center on each side frame. They provide pivot
points for the lift and dump cylinders; a means for
attaching the hydraulic tank supports; the opera
tor's seat; the hood and radiator braces; and the
ladder.

c r5l"3. SHIM/ (On
2 DUMP CY~INDER~l ' !!• I II

/ PIVOT , I, 4. HYDRAULIC TANK
( - i I SUPPORTPLATE

I I

i
11. STABILIZERWELD ASSEMBLy=---..._

1----- Fi9. , - Main Frame and Stabilizer ___I

1. TIGHTEN CAPSCREWS FROM
16B TO 178 LBS. FT.

9. COVER 10. LADDERMOUNT- I

8. MAIN FRAME I
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1. HYDRAULICTANK COVER 2. HOOK BOLT 3. AIR CLEANEROPENING

. . . L qp / I HOOD

\~W,
'1~\\l1
\~~~
\r~\
\~\'W'I"
'L~~ I

'.1.\\ '
".'~~ I,

~~,~, 1~1~\1,
'~~~~\ ;~~I
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! Wr:----------------::J
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7_ SIDE PANEL 6_ LOCKING LATCH

,----------....,
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5. GRILL

1.- Fig. 2 - Hood and Side Panels --'

n The upper casting is bolted to the rear main frame
plate by the two end capscrews. Two center cap
screws extend through the lower casting, the rear
plate of the main frame, and the drawbar. A lock
washer and a hex nut are used with the capscrew
to secure the castings and the drawbar to the
frame. The lower casting is pin-connected to the
side frames by the same pins that extend through
the drawbar.

~ .•==

The drawbar is pin-connected to the side frames
and is bolted to the upper counterweiqht casting
through the rear plate of the frame.

,~-~

I ~C8})I! - I~LJ--
I \ ,/ /j i 9. MAIN FRAME\--------------"--.=----- B_REARAXLE SUPPORT

D. Counterweight Castings

E. Drawbar

F. Braces

A brace is bolted between the rear ends of the
stabilizer weld assemblies. It supports the front end

of the hood and the hydraulic tank cover plate. It
also supports the tops of the stabilizer weld as
semblies.

The side braces, one located on each side of the
loader, are bolted to the top rear end of the sta- ~
bilizer weld assemblies. The other ends of the lilt
braces are bolted to the radiator support at the
rear end of the loader. Constructed of angle and
steel plates, they provide a mount for the hood
and the air cleaner.

G. Radiator, Grill, and Support

The radiator and the grill are mounted on a sup
port weld assembly that is secured to the rear of
the main frame and the two side braces. As a sta
bilizer for the rear of the loader main frame and
side braces, the support weld assembly holds the
radiator securely in place. The support, the grill,
and the fan guard protect the radiator from
damage.
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2. MAIN FRAME

A. Inspection

The main frame and stabilizer (Figs. 1 and 2)
should be inspected periodically for loose cap
screws, cracked welds, bending, and misalignment.
If any of these conditions are found, they should
be corrected immediately.

B. Repair

If the frame cracks or breaks because of severely V
rough use, the frame may be reinforced by welding
suitable steel plates to it. Before reinforcing the
frame, it should be inspected for proper alignment
and straightened if necessary.

3. BRACES

A. Inspection

The front brace (supporting the front end of the
hood), the two side braces, and the radiator sup
port (Figs. 1 and 2) should be inspected period
ically for loose capscrews and cracked welds. These
conditions must be corrected immediately.

B. Removal

1. Remove the engine side panels, the hood,
and the hydraulic tank cover plate (Fig. 2).

2. Remove the brace located between the sta
bilizers. Note the location and quantity of
shims at each end of the brace.

3. Disconnect the air cleaner. Remove the side

braces from the stabilizer and radiator sup
port. Note the location and quantity of
shims at each end of the braces.

c. Installation

Install the braces in reverse order of the removal
procedures above. Insert the shims in their proper
locations and quantities as noted above.

D. Maintenance and Inspection

1. Inspect the braces for alignment and for
cracks.

2. Braces must be correctly aligned before
welding them.

4. HYDRAULIC TANK SUPPORT PLATE

A. Removal

1. Remove the hydraulic tank; refer to "LOAD
ER HYDRAULICSYSTEM" Section XVI ).

2. Remove the support plate (Fig. 1) from each
stabilizer. Note the location and quantity
of shims between the support plates and the

stabilizers.

B. Installation

Install the support plates in reverse order of the
removal procedures above. Insert the shims in their
proper locations and quantities as noted above.

5. RADIATOR, GRILL, AND SUPPORT

A. Removal of Grill and Fan Guard

1. Remove the side panels and the hood
(Fig. 3).

2. Remove the grill (Fig. 3) from the rear of
the radiator support. Remove the fan guard
from the front of the radiator support.

B. Removal of Radiator and Support

1. Thoroughly drain the radiator; refer to
"ENGINE COOLING SYSTEM" Section
IV. Remove the hoses from the radiator.

2. Disconnect the radiator from the support \..I
(Fig. 4). lift the radiator from the support
(Fig. 5).
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•
Fig. 3 - Main Frame, Radiator Group and Braces

with Hood and Side Panels Removed

•

3. Disconnect the rear light cables at the cable
connectors.

Fig. 4 - Location of Radiator Mounting Cap
screws, Rubber Washers. and Hex Nuts

4. Block the rear of the side braces. Remove
the capscrews, lockwashers, and hex nuts
from the rear end of the braces. (Fig. 6).

Remove the capscrews and the lockwashers
from the bottom of the radiator support.
Remove the support.

c. Inspection and Repair

Clean the air passages in the radiator core and test
it for clogging or leaks. Clean the core if it is
clogged and repair any leaks that are found.
Straighten bent cooling fins.

D. Installation of Support, Radiator,
Fan Guard, and Grill

Install the radiator support, the radiator, fan
guard, and the radiator grill in reverse order of
the removal procedures above. NOTE: Be sure
to use the rubber washers when installing the ra
diator.
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1. SIDE BRACE MOUNTING CAPSCREW__1
I

2. SIDE BRACE

3. RUBBERBEADING-- _

4. LIGHT ASSEMBLY

7. RADIATOR SUPPORT-----I

B. RADIATOR SUPPORT MOUNTING CAPSCREW-------.

I.,.
I

6. GRill MOUNTING CAPSCREW

.",\,
V

'-------- Fig. 6 - Exploded View of Radiator Support, _
Grill, and Side Braces
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6. UPPER COUNTERWEIGHT CASTING

•

9. lOWER COUNTERWEIGHT CASTING

'-- Fig. 7 - Counte_rweights and Drawbar ---'

1. MAIN FRAME~r-
\ :
: I
) 1

L '

•

11. lOCK PIN

A. Removal (Fig. 7)

,
I,

I ~__...

2. OUTSIDE CAPSCREW (2) ------ ....\ct~:-:~~~T=-·~=U
3. CENTER CAPSCREW (2)------------~F~~llt'--~-~t~~--=:i··--~-~f~~u_~.~~J-I------~~-~..;;;;.~~---.,--~

'---L1: ) t=='_
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I III II

: 7. WASHER.........._~a__~l.., ,/
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,
-'__ ....-----

6. STOP NUT

3. Remove the upper casting.

1. Remove the two center capscrews, the lock
washers, and the hex nuts. B. Installation

2. Suitably support the casting while remov
ing the two outside capscrews, the lock
washers, and the hex nut.

Install the upper casting in reverse order of the
removal procedures above.



7. LOWER COUNTERWEIGHT CASTING

A. Removal (Fig. 7)

1. Suitably support the lower casting. Remove
the stop nuts and plain washers from the
two stud weld assemblies located in the
bottom of the casting.

2. Remove the cotter pins and the lock pins
from the pivot pins. Remove the pivot pins

from the sides of the casting.

3. Remove the casting.

B. Installation

Install the lower counterweight casting in the re
verse order of the removal procedures above.

8. DRAWBAR

A. Removal (Fig. 7)

1. Remove the lower counterweight casting;
refer to Topic 7, above. Remove the two
center capscrews, lockwashers, and hex
nuts from the upper casting.

2. Lower the drawbar down through the
frame and remove.

B. Installation

Install the drawbar in reverse order of the removal
procedures above.
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SECTION XIV - TIRE AND WHEEL GROUP

Topic Page
Topic Title No. No.

Description 1 1
Inflation 2 2

1. DESCRIPTION

5. WHEEL
4. VALVE ASSEMBLY

1...- Fig. J - Tires and Wheels -----------------1 II

n

stalled in the wheel. The tire is mounted by plac
ing one flange over the wheel followed by the tire.
The remaining flange is then placed over the wheel
assembly, followed by the bead seat ring. The lock
ring is then installed. As the tire is filled with air
and its pressure rises, the side wall of the tire pushes
the second flange and bead seat ring into position.

14-1

The standard tubeless tires used on both the front
and rear wheels are 18:00-25, 12 ply Grader Lug
Type to give sufficient traction for normal work
loads. The tires are mounted on the rim so that the
lug center points are toward the bucket or front
of the machine. The five piece wheel assembly con
sists of the wheel and rim, two flanges, a bead
seat ring and a lock ring. A tire valve is also in-



2. INFLATION

The tire pressure of 40 P.S.I. should be main
tained because under- or over-inflation causes
excessive wear, damage and improper steering.
Uneven tire pressure causes hard steering and im
proper operation. Maintenance of the correct
inflation pressure is one of the most important ele
ments in tire care. Higher inflation pressure than
recommended will give:

a. A harder riding loader.

b. Tire more susceptible to various types of
bruises.

c. Uneven wear when driving the loader on
the road.

d. Fast tread wear in the center of the tire.

14-2

Lower inflation pressure than recommended will
give: V

a. Higher fuel consumption.

b. Rapid and uneven wear on the edges of the
tire tread.

c. A tire more susceptible to rim bruises and
various types of rupture.

d. Increased cord fatigue or broken tire cords.

e. Hard steering.

f. Higher tire temperatures.

g. Possible tire to wheel slippage.
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SECTION XV - POWER STEERING SYSTEM

Topic title
Topic
No.

Page
No.

Description 1 1
Pump and Drive Belts . . . . . . . . . . . . . . . .. 2 2
Control Valve and Steering Gear . . . . . . .. 3 11
Steering Cylinders 4 19
Drag Links 5 22
Steering Arm Assembly 6 23

1. DESCRIPTION

The oil for the power steering system is supplied
by the main hydraulic system tank, thus eliminat
ing the need of a special reservoir. The other main
components of the power steering system are the
pump, safety relief valve, control valve and hy
draulic cylinders. An arm and linkage assembly
connect the steering gear to the rear, or steering,
wheels.

"Pitman" arm and to the top of the steering arm
assembly. Another drag link (long) is connected
to the lower end of the steering arm assembly and
to an arm projecting inward from the upper left
hand bearing cap on the rear (steering) axle.

Oil flows from the hydraulic tank through the suc
tion line to the pump, where the oil under pressure
is discharged from the pump and delivered to the
pressure side of the control valve. From the con-One short drag link is attached to the steering gear

8. TOP VIEW
3. POWER STEERINGCYLINDERS

4. POWER STEERINGPUMP

7. SIDE VIEW

L-- Fig. J - Power Steering System ~ __J
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trol valve it is piped to the power steering or ac
tuating cylinders. As oil is returned to the hydrau
lic tank from the actuating cylinders it again passes
through the control valve.

The power steering relief valve is housed within
the hydraulic tank and is properly adjusted at the
factory to open at a pressure of 950 to 1000P.5.1.
It should require no further adjustment in the field. V

2. PUMP AND DRIVE BELTS

A. General

The power steering "gear type" pump is located
in the rear, right hand corner of the engine compart
ment. It is attached to the rear engine support by
an adjustable bracket. The crankshaft pulley op
erates the pump through a double belt drive, there
fore, oil under pressure is supplied to the steering
control valve whenever the engine is running.

B. Pump Belts Adiustment

The pump belts are correctly adjusted when the
top side of the belts can be pressed downward
approximately %" at a point half-way between
the crankshaft pulley and the pump pulley. Adjust
the pump belts as follows:

1. Loosen the two capscrews attaching the
power steering pump to the rear engine
support.

2. Slide the pump bracket with pump, toward
or away from the crankshaft pulley as re
quired to obtain the correct tension on the
belts. NOTE: The tension on both helts must
be equal.

3. Tighten the capscrews to a torque of 83 to
93 Ibs. ft.

c. Pump Belts Replacement

1. Loosen the two capscrews attaching the
power steering pump to the rear engine
support.

2. Slide the pump toward the crankshaft and
remove the belts from the pump pulley and
crankshaft pulley.

3. Install TWO new pump belts in their respec
tive grooves on the pulleys. IMPORTANT:
Power steering pump belts must be replaced
in matched pairs.

4. Adjust the belts as in "B. Pump Belts Adjust
ment" above.

D. Pump Removal

The hydraulic power steering pump should be re
moved, disassembled, and inspected after one year
of operation even though there is no noticeable
decrease in operating efficiency. Without actually
inspecting the internal parts of the pump, it is dif
ficult to determine from the operating test, exactly
when an overhaul should be made to the gear type
pump. A gear type pump may maintain its maxi
mum operating efficiency to a point where the bear
ings start to fail. Remove the pump from the loader
as follows:

1. Disconnect the pressure line from the pump.
Loosen the suction line clamp and remove
the suction line from the pump. Cap both
hoses securely.

2. Remove the capscrews, flatwashers, lock
washers and hexnuts that secure the pump
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16
L--. Fig. 3 - Power Steering Pump - Cross Section .....

1. Drive Shaft
2. Pulley Key
3. Snap Ring
4. Outboard Bearing
5. Adapter
6. Seal Seat

7. Seal Assembly
8. Snap Ring
9. Housing
10. Wear Plates
11. Dowel Pin
12. O-ring

13. Woodruff Key
14. Pump Gears
15. Capscrew
16. Gaskets (Shims)
17. Bearil1g
18. Driven Shaft

to the rear, engine support bracket and
remove the pump.

the housing. To prevent possibility of leakage,
avoid scoring or nicking the machine surfaces
of the pump section. DO NOT USE A SCREW
DRIVERto pry the sections apart. Tap with a
fibre hammer, if necessary to loosen.

3. Loosen the pump pulley set screw and slide
the pulley off the pump shaft. Remove the
pulley key from the shaft.

4. Remove the capscrews, lockwashers, and
hexnuts that secure the pump mounting
bracket to the pump and remove the mount
ing bracket.

Note position of relief pocket and drilled holes
in the wear plate for proper reassembly. Mark
the drive and driven gears with an India stone,
Fig. 4 for proper reassembly. Note the location
and number of gaskets when disassembling.
Remove driven shaft and gear. By pressing on
the keyed end of the shaft, press out the bear
ing. Remove the seal assembly and the snap
ring, freeing the shaft and the wear plate. Be
fore removing the outboard ball bearing, be
sure to coat the end of the shaft with white lead
and remove any burrs before pressing it out
to prevent the bearing from being scored.
Cover the ends of the dowel pins and remove
the pins from adapter with pliers or a lever
jaw wrench.

E. Disassembly

1. Clean the outside of the pump with an oil sol
vent, fuel oil or gasoline, and dry thoroughly.
With file or oil stone remove sharp edges or
burrs from the shaft splines, drill point, keyway
or the shaft end before proceeding with dis
assembly. Mark the sections of the pump with
a prick punch for proper reassembly.

2. PUMP
3. ROLLER BEARINGS

Remove the four cover capscrews. Remove the
cover which may come off separately or with CAUTION: Replace roller or ball bearings only
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More gap indicates the rollers are worn ex
cessively. Remove roller bearings by starting
them with tool shown in Fig. 6. Insert the tool
under the bearing and into the cored hole be
tween the bearing bores, Fig. 7. Complete the
removal of the bearing using the puller Fig. 8,
and tap out with heavy bar, Fig. 10.

'-- __ Fig. 4 - Marking the Pump Gears .....

1. TYPE "A" 2. TYPE "B"

TYPEB ROLLERBEARINGS - Fig. 5

Remove the retaining ring and all the rollers.
Start the bearing shell out with the tool, Fig. 6.
Complete removal with puller, Fig. 8. Tap out
with heavy bar as in Fig. 10.

4. BALLBEARINGS (Outboard Bearing)

a. Remove the outboard bearing retaining
snap ring with a ring pliers.

b. Reach down through the drive shaft bear-

L.... Fig. 5 - Pump Bearing Types .....

if necessary, and then only with the SAME
MAKE AND TYPE as originally installed.

TYPEA ROLLERBEARINGS - Fig. 5

Check the bearings for freeness of the rollers
and pitted, broken or excessively worn rollers.
Replace the bearing if it is possible to insert a
.020" feeler gauge between rollers.

'---- Fig. 7 - First Step of Bearing Removal __ ......

I 10·
~ ...,'
, I
, /
I I
I I
I I
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L- Fig. 9 - Seal Seat Driver ~ .....I

ing bore with a brass drift and tap out the
outboard bearing. Tap opposite sides al
ternately.

5. SEAL SEAT

The seal seat should not be removed unless the
seal face is excessively worn or damaged. To
remove the seal seat, invert the adapter and
drive out the seat with a wooden block. If a
new seat is required, press into adapter, using
seal seat driver, Fig. 9.

6. GEARS

If the gears or shafts must be replaced, remove
snap rings and press off gears on an arbor
press. To reassemble, coat the gear bore with
white lead, and after installing one snap ring,
press the gear onto shaft until the gear covers
approximately one quarter of the key slot. Hold
key in place and press the gear onto the shaft
until it contacts the snap ring. Install the second
snap ring. The same procedure is used for
driven shaft except no key is required.

CAUTION: To prevent bending of drive shaft,
push drive or keyed end of shaft through the
gear and press on straight end of the shaft.

/'

Fig. JO- Second Step of Searing Removal

F. Inspection of Parts

1. Wash all parts in oil solvent, fuel oil or gasoline.
Dry them thoroughly with clean cloths or dry
compressed air.

2. Inspect all parts of the pump.

3. With a small piece of flat file remove nicks and
burrs from around the bearing bores and
drilled holes of the adapter and cover, Fig. 11.
Clean up any burrs and nicks on the machined
mating surfaces of housing, cover and adapter,
Fig. 11 with India stone and a fine mill file. Re
wash before assembly.

4. SHAFTS

Inspect at the bearing points and seal areas
for rough surfaces and excessive wear.
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2. PUMP HOUSING

,- __ Fig. 11- Removing Burrs and Nicks __ ---,

5. GEARS

Inspect the edge of the teeth and gear face for
scoring. Stone the face of the gears, Fig. 12,
and the edge of the teeth before reassembly.

6. BEARINGS

Refer to Par. E-3.

7. GASKETS

Always replace the housing gaskets if they are
damaged. Replace all seal rings.

8. WEAR PLATES

Replace them if they are found to be scored
or excessively worn.

NOTE: Do not turn a wear plate as the coun
ter-bored relief pocket is on gear side only. If
the wear plate is steel backed, the bronze side
should be next to the gears. Even though only
a slight wear is shown on the gear pattern,
check for an erosion path in vicinity of the relief
pocket, see Fig. 13 and replace the wear plate
if it is in evidence.

9. Check for proper seating of the wear plate in
the adapter or cover, Fig. 14. A rocking motion
indicates either a burr on the face of the
adapter or the cover. (Par. F-3).
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L-- Fig. 12- Stoning Gear Face, -'

Fig. J3 - Erosion Path on a Wear P/ate __ -,

Fig. J4 - Checking Seating of Wear Plate

RECOMMENDED WEAR TOLERANCES

a. Discard any housing whose gear bores
measure greater than 3.259 through the
dowel pin hole centerline.

b. Replace both gears if the differential be
tween the housing width and the gears,
with no gaskets in the pump, is in excess
of .0035.

c. Assembled, the total end clearance be
tween the gear faces and the housing
width should be .0025 minimum and .0035
maximum.



n
d. Replace the shaft if the wear at the roller

patterns exceeds .001 from that of the
major diameter.

e. Replace the wear plates that have severe
score marks or show erosion marks in the
vicinity of the counterbored relief pocket.

f. If the pump shafts have been replaced be
cause wear at the roller patterns exceeds
.001, also replace the bearings.

g. Replacement of the Seal Assembly and the
Seat is recommended.

G. Assembly

1. TYPEA ROLLERBEARINGS - Fig. 5

Lubricate the rollers with light grease. Coat the
I.D. of the bearing bore with white lead. Press
the bearing assembly into the bearing bore of
the adapter and cover with the tool in Fig. 15.

TYPEB ROLLERBEARINGS - Fig. 5

n Coat the rollers with light grease, the bearing
bore with white lead and press the bearing into
the bearing bore of the adapter and cover.

2. FINAL HOUSING AND COVER ASSEMBLY

a. Install the dowel pins in the adapter.

b. To assemble the wear plate, bearing and
seal assembly, use the adapter end bolted
to the bench plate as a support, Fig. 16.
Insert the drive shaft in the adapter end
with the long end UP in the side that has a
bearing driven in. Put the wear plate over
the drive shaft as in Fig. 16-A, making sure
the counterbored relief pocket is FACING
the gear.

n

Place the bearing on the drive shaft. Now
assemble the oil seal parts in the following
order: Back up washer, coil spring, syn
thetic rubber ring, (lubricate this ring with
light grease or oil) and the seal cup with
lapped surface UP. Make sure the rubber
ring is seated in the cup. Make certain the
rubber ring is not cut when placing it on the
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THESE SURfACES MUST BE
CONCENTRIC OR SQUARE
TO EACH OTHER WITHIN
.0005" T. I. R.

L-- Fig. J5 - Searing Tool __'

L...- Fig. J 6 - Assembling Pump _'

shaft and when passing it over the key slot
or spline. Press the entire seat assembly
down against the spring and compress it.
When released, the spring should return
the cup to the position held before com
pressing. If it sticks on the shaft, replace
the seal assembly.

c. Wipe off any foreign matter from the seal
seat. Lubricate the lapped surfaces of the
seal seat and seal cup with light oil. Turn
the entire drive shaft assembly over and



install it in the adapter end as shown in
Fig. 16-B. Use a composition hammer to
drive the entire assembly down, driving
the bearing into the bearing bore. Place
the O-ring seal around the wear plate.
Lubricate with light oil the section of the
wear plate that comes into contact with
the gear face.

d. With an India stone polish out any scratches
on drive shaft that were made when shaft
was driven out through the outboard
bearing.

e. Clearance between the gear face and the
wear plate is provided by the plastic shim
gasket between housing, adapter and cov
er. With a micrometer, Fig. 17, measure the
housing width and the width of the gears.

The following chart indicates the color,
number and location of the shim gaskets
to be used to provide the proper clearance
between the gear face and the wear plate.

CLEARANCE CHART

Gear Width Greater Add Gasket size as indicated
( +') or less (-) than on:

Housing Width Adapter Side Cover Side
+ .002 .002 .002
+ .001 .001 .002

.001 .001 .001
-.001 ..... .001
-.002 ..... . ....

Color Code: .001 - Amber .002 - Red .0015 - Purple
Note: Only Plastic Shim Gaskets are used on 1500 Series

Pumps.

If the gears are so worn that the housing
width becomes more than .0035 greater
than the gear width, both of the gears
should be replaced.

f. Insert the driven assembled gear and shaft
into the adapter end. Line up the marks pre
viously made on the.gear faces if the orig
inal gears are reinstalled. Fig. 4. If new
gears are used keep the keyways 1800
apart. Lubricate face of gears with light
oil.
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1. PUMPHOUSING

2. PUMPGEAR

Fig. r7 - Measuring Pump Housing and Gears

g. Place the proper gasket as selected by the
chart, over the gears and on the face of the
wear plate. If it is not practical to use mi
crometers to measure the gears and housing
use a gasket that measures .002 thickness.

h. Line up the punch marks and place the V
pump housing over the gears and the gas-
ket. Tap it down with a fibre hammer.

i. Select another gasket from the chart or if
no measurement (2e) is available use a
gasket of .002 thickness. Place the gasket
on the housing face. Lubricate the gear face
with clean oil.

j. After selecting the proper gasket from the
chart, and putting it in place on the housing
face, install the wear plate, making sure
that the ){6" deep counterbored relief pock
et is in its original position facing the gears
and is rotated 1800 from the pocket of the
adapter wear plate. Place the seal ring
around the wear plate and position it on the
wear plate with an equal air gap around
each shaft. Put the cover in place and tap
it down, being careful not to pinch the
O-ring seal.

k. Install the dowel pins in the cover. Line up
the punch marks previously made on the



n
housing and cover and put the cover in
place. Tap the cover down on the dowel
pins with a fibre hammer until the cover
bottoms on the housing. Be careful not to
pinch the O-ring seal around the wear
plate.

I. Install the four capscrews. Be sure that
the proper washer is in place before install
ing. If for any reason the replacement of
the capscrews is required, always' use the
same type as originally furnished. Tighten
gradually opposite capscrews, using torque
wrench set at 60 ft. pounds torque. After
assembly turn the shaft with a 6" Crescent
wrench. If the shaft will turn with a slight
drag and not too freely, the proper clear
ances are assured between the gears and
the wear plate. If the shaft is too tight or
too free add or remove as many (.001) or
(.002) gaskets as necessary for the proper
clearance.

n

t" DRILL (BREATHER HOLE)

'---__ Fig. 18 - Outboard Bearing Driver __ ~

4. ASSEMBLYOF OUTBOARD BEARINGS

a. Coat the I.D. of the bearing bore with white
lead.

b. Lubricate the bearings with light grease.

c. Drive the outboard bearing down over the
drive shaft until it bottoms with the tool in
(Fig. 18).

d. Insert the snap ring in bearing bore.

e. Remove the grease plug and repack the
outboard bearing bore with a good quality
bearing grease. Use the fingers for repack-
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ing. A grease gun will force grease into the
oil seal and cause it to leak.

H. Pump Break-In

1. If a shop test stand is available on which
the pump can be mounted and operated
against full pressure and at maximum
speed, the following procedure is recom
mended for break-in and test:

a. Start the pump and run it for 2 min. at
zero pressure. Be sure that the test stand
reservoir is filled and that all the inlet
and outlet lines are open.

b. By restricting the pump discharge line
with a needle or globe valve, raise the
discharge pressure to 500 PSI for 10
seconds and lower it to zero pressure
for 10 seconds. Continue this procedure
for five minutes. CAUTION: Do not
apply pressure for more than 10 sec
ond intervals.

c. Stop the pump and rotate tlie drive
shaft coupling by hand to determine if
the drive shaft is free. If it cannot be
turned freely, remove and rebuild the
pump.

d. Resume the test and apply 1000 PSI
for 10 seconds intermittently for five
minutes. CAUTION: Do not apply pres
sure for more than 10 second intervals.

e. Stop the pump and check the freeness
as in (c). Check for possible leaks at
the mating surfaces of the adapter,
housing and cover and around the seal
assembly and the four assembly cap
screws.

f. Be sure the oil level is up to normal in
oil reservoir. Start the pump and run
the pressure to 1000 PSI and run a flow
test by whatever means is available on
the test stand.

2. If a shop test stand is not available, the
following alternate break-in and test pro
cedure may be used:

-------- .-



a. Mount the repaired pump in place on
the equipment and run the pump at
one quarter engine speed for 5 min
utes at zero pressure.

b. Operate the control valve until the relief
pressure is obtained, then hold in this
position for 10 seconds and release for
10 seconds. Follow th is procedure for
10 minutes.

c. Increase the engine speed to one-half
throttle, and repeat step (b) for ten
minutes.

d. Increase the engine speed to full throt
tle, and repeat step (b) for 5 minutes.

e. Idle the engine and check the pump for
possible leaks at the mating surfaces of
housing, adapter end cover, shaft seal
area, and any of the capscrews.

TANK TO CATCH OVERFLQ.....
OIL FROM PUMP CHANGE
OIL CAN BE SUMPED TO DRUMS
WITH PUMP TO BE TESTED BY
PROVIDING SUCTION LINE TO
TANK

'---- Fig. J9 - Suggested Pump Test Rac:lc__ ---I

I. Pump Test Procedure

1. Fill the bottom drum (A) with 50 gals. of
oil.

2. Be sure the cam action valve (B) is open.

3. Be sure the 2" gate valve (C) is open.

4. Be sure the 2" globe valve (0) is open.

5. Start the pump (E) and run in for 2 minutes
at 0 PSI. NOTE: Check the oil level in the
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drum (A) during the run in period for an
oil level drop. If the oil level drops in the
sight glass (F), stop the pump until the oil
level is above the sight glass and continue. \..I

6. Apply 500 PSI intermittently (by closing
globe valve (0) for 2 to 5 min. CAUTION:
Do not apply pressure for more than 10
second intervals.

7. Stop the pump (E) and check for pump
drive shaft freeness by turning the drive
shaft coupling by hand. If free, continue
the test, if not, remove and rebuild the
pump.

8. Start the pump (E) and apply 1000 PSI in-
termittent pressure for 2 to 5 minutes. CAU-
TION: Do not apply pressure for more
than 10 second intervals.

9. Stop the pump and check the pump for
drive shaft freeness as outlined in Step 7.

10. Be sure that the oil level is above the sight
glass (F). Start the pump. Apply pressure Vuntil 1000 PSI is recorded on gauge (G).

11. Close the cam action valve (B) and observe
the sight glass (F). Start a stop watch on
the uppermost sight glass (F) graduation
and stop the stop watch when the 10 gal.
graduation on the sight glass is reached.
Immediately open the cam action valve
(B).

12. Stop the pump and close the gate valve
(C) and close the globe valve (0) and re-
move the pump.

13. Figure the G.P.M. of the pump using the fol-
lowing formula: 60/T x 10 = _ G.P.M.
where "T" is the time in seconds for the 10
gals. removed from the drum. Example: the
stop watch shows 12 seconds of elapsed
time for 10 gals. of oil removed from the
drum, therefore 60/12 x 10 = 50 G.P.M.

l.I



3. CONTROL VALVE AND STEERING GEAR

1. STEERING COLUMN JACKET
9.

'----- __ Fig. 20 - Power Steering Gear -....

A. General Description

n

This steering gear is a recirculating ball bearing,
worm, and nut type. A spool type control valve
is mounted concentrically on the worm shatt and
bolted to the lower end of the steering gear hous
ing. The worm is mounted in needle bearings
which confine the worm radially, but allow endwise
movement of the shaft. Ball thrust bearings are lo
cated at either end of the valve. The worm shoulder
is pulled against the upper bearing, valve spool,
and lower bearing by means of a nut. The bear
ing on each side of the spool can move into coun
terbores in the end faces of the valve housing,
permitting a slight axial movement of the worm,
valve spool and steering shaft. The unit is so de
signed that when the spool is at the midpoint of
the allowable axial play, the valve is in the neutral
position.

The valve is held in neutral position by 10 plungers
and 5 springs in the valve housing which bear
against the thrust bearing and at the same time
against the adapter and valve cover.

B. Operation

n
In operation, oil is delivered from the pump to the
control valve through the hydraulic lines. When
the steering wheel is turned, the worm will tend
to move up or down depending on the direction
the wheel is being turned, because the position of
the ball nut engaged in the sector shaft is fixed

due to the load on the pitman arm. Thisaxial move
ment of the worm and shaft assembly is transmitted
to the control valve and movement of the valve
directs oil pressure to the appropriate end of the
power cylinders. The movement of the valve within
the valve housing is limited by the thrust bearing
engaging the valve housing itself which acts as a
positive stop.

When the operator stops the steering wheel at the
desired position, the thrust is removed from the
steering shaft and the action of the valve centering
springs returns the valve to the neutral position.

When the loader wheels are in the straight ahead
position, the control valve spool is held in the neu
tral position -by the centering springs. In this posi
tion, oil from the pump flows through the valve
and returns to the pump through the return port.
The pump output will simply be recirculated in
the system without doing any work.

When the steering wheel is turned to the left, a
thrust will be developed between the sector gear
shaft and the ball nut. Thrust increases as the effort
at the steering wheel increases. As it becomes more
difficult to move the ball nut, it reaches a point
where the axial force exerted by the worm over
comes the centering springs in the valve. As a result
the worm and valve spool shift, directing the flow
of oil to the related side of the steering cylinders,
thereby adding hydraulic force to the steering
wheels and moving them in the desired direction.
Oil from the non-pressurized side of the cylinders
is directed back through the valve body and
routed to the hydraulic tank.

The system operates in the same manner for a right
turn except that the worm and spool move in the
opposite direction.

c. Service

1. Removal

a. Remove the side plates and both floor
plates from the operator's compartment
(See Sec. XVII).
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'-- Fig. 2J -Power Steering Gear-Cross Sedion .....

1. "Pitman" Arm Retaining Hex-Nut
2. "Pitman" Arm
3. "Pitman" Arm Shaft
4. Lash Adjustor
5. Lash Adjustor Jam Nut
6. Valve Cover
7. Valve Body
8. Upper Valve Bearing
9. Valve Adapter Plate
10. LowerWorm Needle Bearing
11. Ball Return Guide
12. Ball Return Guide Clamp

b. Remove the hexnut and lockwasher that
secures the "Pitman" arm to the sector shaft.
Mark the "Pitman" arm and sector shaft as
to their relative positions. Using a suitable
puller, pull the "Pitman" arm from the sec
tor shaft.

c. Thoroughly clean the four hydraulic hoses,
fittings and the surrounding area at the
power steering control valve. Mark each
hose and its corresponding fitting to elim
inate confusion when installing.

d. Remove the four hydraulic hoses from the
control valve. As each hose is removed cap
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13. Filler Plug
14. Ball Nut
15. Upper Worm Needle Bearing
16. Horn Wire Connector
17. Horn BuHon
18. Thrust Adjustor Hexnut
19. LowerValve Bearing
20. Valve Spool
21. Sector Gear
22. Balls (106)
23. Worm and Worm Shaft
24 Steering Wheel Hub

the open end tightly. Cap each elbow
adapter on the control valve also. Thiswill
prevent the entrance of dirt into the lines
and minimize fluid loss.

e. Disconnect the horn wire. Remove the
clamps that secure the wiring loom to the
steering column jacket. Remove the hex
nuts, lockwashers, and "U" bolt assembly
that secures the lower end of the steering
gear assembly to the main frame.

f. Remove the two hexnuts, lockwashers, the
shims and the clamp that hold the upper • j

end of the steering gear assembly to the '-'



n

instrument panel. CAUTION: Do not lose
the shims. An incorrect amount of shims in
stalled at this point can result in a steering
bind.

g. Slide the steering gear assembly to the
right to disengage the sector shaft mount
ing collar in the main frame and re
move the steering gear assembly.

2. Disassembly of Valve from Gear

a. Scribe a mark on the valve cover, valve
body and adapter to insure the proper po
sitioning of parts on reassembly.

b. Remove the 3 bolts and lockwashers that
secure the valve cover to the valve body.
Remove the valve cover.

c. The control valve worm bearing nut is
staked in a groove provided in the worm
shaft. Cut out the staked area being care
ful not to damage the threads on the shaft.
Remove and discard the nut.

•
d. Removethe small bearing race, the bearing

and the large bearing race. Keep these
parts together as an assembly so that the
same three pieces will be installed together
on reassembly.

7. LOWERBAll BEARING

Fig. 23 - Steering Gear Valve Cover Removed

LARGERACE

2. SMALL RACE

3. WORM BEARING
THRUSTNUT

THRUSTBEARING

Fig. 24 - Steering Gear Lower Searing __ ...J

Assembly

. VALVE HOUSING

Fig. 25 - Control Valve ....

e. Removethe valve housing, spool and plung
ers as an assembly being careful not to
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drop any parts. Place the valve on a clean
piece of paper to protect them from foreign
material.

f. Remove the upper large bearing race,
bearing and small bearing race, keeping
these parts together as an assembly.

g. Remove the four bolts and lockwashers
that secure the adapter to the steering
gear housing. Remove the adapter from the
steering shaft.

3. Valve Disassembly and Inspection

a. Remove the plungers and springs from their
bores.

b. Remove the spool from the valve housing,
noting which end of the spool has a groove
or counterbore on the 1.0.

c. Inspect the spool and valve housing for
signs of damage. If these parts are dam
aged, the valve body and spool must be
replaced as an assembly.

d. Inspect the centering springs for damage
or distortion. Replace if necessary.

e. Inspect the plungers for nicks or scratches.
Replace if necessary.

f. Inspect the thrust bearings and races for
smooth turning. Replace if the turning is
rough.

4. Valve Reassembly

a. Coat the plungers and spool with lubri
plate.

b. Install the spool in the valve body with the
groove or counterbore at the same end in
relation to the valve body and was noted
upon removal. DO NOT FORCE THE
SPOOL INTOTHEVALVEBODY.When the
spool is properly aligned it will drop into
place. Forcing the spool will damage both
the spool and the valve bore.

c. Install a centering spring in each bore.
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1. LOWERWORM BEARING 2. ADAPTERPLATE

4.

Fig. 26 - Adapter __'

d. Install a plunger at each end of the center
ing springs.

5. Seal Inspection

a. Remove O-ring seals from the cover and
adapter. Replace with new seals.

b. Inspect the seal in the adapter. Removeand
discard it and replace with new seal if
necessary.

c. Inspect the needle bearing in the adapter.
The rollers should be smooth, polished and
free to turn in their retainer. If the bearing
is worn, remove and replace. Press the new
bearing in place with the trade marked
side out. The bearing should be pressed in
below the adapter face BUT NOT BOT
TOMEDin the bore.

1. SECTORGEAR "PITMAN" ARM SHAFT

5. LASH ADJUSTER



n

n

6. Steering Gear Disassembly

a. Secure the gear in a vise.

b. Remove the bolts which attach the side
cover to the housing. Pry the side cover
away from the housing. Remove the side
cover by turning the lash adjuster screw
clockwise thru the side cover.

c. Turn the steering shaft until the sector gear
on the pitman shaft will pass through the
housing opening, then remove the pitman
shaft.

d. Carefully withdraw the shaft and ball nut
as an assembly from the housing and col
umn assembly.

CAUTION: If the shaft with the ball nut is
held in a vertical position, the ball nut will
travel by its own weight to the end of the
shaft. If the ball nut sharply strikes either
end of the worm, the ball guides will be
damaged. If the worm ball nut does not
require disassembly, tape each end of the
shaft worm to prevent the ball nut from ro
tating to either end.

e. Try the action of the ball nut on the shaft
worm. The ball nut must rotate smoothly
with no evidence of binding or roughness.
If there is evidence of roughness or dam-

2. BAll NUT

1. BAll GUIDE

4. BAll GUIDES

3. WORM SHAFT

'-- Fig. 28 - Sail Nut --J
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age, disassemble in the following manner:

Remove the screws which attach the ball
guide clamp to the ball nut. Remove the
clamp. Pull the ball guides out of the ball
nut, one pair at a time. Remove the balls
from the guides by separating the guides.

Turn the ball nut upside down, and rotate
the shaft back and forth until all of the
balls (106) have dropped out of the ball
nut into a clean pan. With the balls re
moved, pull the ball nut endwise from the
shaft worm.

f. The removal of the steering jacket upper
bearing assembly, and the replacement of
the housing bearing and bushings can be
deferred until after inspection of the parts.

7. Inspecting Steering Gear

a. Clean all parts in solvent before inspecting.

b. Examine the steering gear housing for
cracks or stripped threads in the cover
mounting surfaces. If the column is dam
aged, replace the housing and column as
sembly.

c. Check the clearance between the pitman
shaft and the bushing in the housing. If the
bushing is worn, replace it as later de
scribed under "Pitman Shaft Bushing Re
placement," item 8 this section.

1.-- Fig. 29 - Gear Housing -'



d. Check the condition of the upper needle
bearing in the housing. If the rollers are
damaged or worn, replace. When install
ing, be sure the trade marked side of the
retainer is against the tool.

e. Check the condition of the steering column
jacket upper bearing assembly and spring.
Replace if parts are damaged.

f. Examine the side cover for cracks and dam
age. Check the clearance between the pit
man shaft and the side cover bushing. If
the bushing is scored, damaged, or ex
cessively worn, it is recommended that the
side cover and bushing be replaced as an
assembly.

g. Inspect the pitman shaft for damaged ser
ration or threads. Examine the sector teeth
for signs of scuffing or scoring. Check the
0.0. of the shaft. If excessive wear is shown
at any of these points, replace the shaft.
The grease seal should be removed and re
placed if cracked or damaged.

h. Inspect the bearing areas and the thread
groove on the worm. If worn or galled, re
place the steering shaft and the ball nut
assembly complete.

i. Examine the worm ball nut rack teeth for
scuffing and scoring. Check the holes and
passages for obstructions. Check all the
worm balls for flat spots, checking,
wear or damage. Balls should be the same
size within 0.0001 inch.

j. Examine the ball guides for distortion and
bent pick up fingers. Place two halves of a
guide together and try the action of the
balls.

8. Pitman Shaft Bushing Replacement

a. To replace the pitman shaft bushing in the
housing, drive the bushing from the hous
ing. An improvised tool can be made if de
sired.

b. Drive the bushing into the housing. Again
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an improvised tool may be made. A tool
can also be made to install the housing seal
at final assembly.

9. Assembling Valve and Gear

One of the most important phases of assembling
steering gear components is cleanliness. All parts
must be kept clean. Any bits of abrasive material
which may get inside of the housing during assem
bly will quickly damage the mechanism. Grease
and oil used at assembly must be free from dirt.
Prelubricate all bearings and moving parts with
Lubriplate.

a. Place the steering shaft assembly flat on
a bench. Place the ball nut over the worm
with the ball return guide holes in the ball
nut in the upper surface. Align the groove
in the worm and ball nut by sight.

b. Count one-half of the total quantity of
balls into a clean container.

c. Drop the balls into one of the ball return
guide holes in the upper circuit. Gradually
turn the worm away from the hole while V
inserting the balls. Continue until the cir-
cuit is filled from the bottom of one hole
to the bottom of the other, or until stopped
by reaching the end of the worm.

d. In the event the balls are stopped by reach
ing the end of the worm, hold down the
balls already inserted with a rod or punch.
Turn the shaft in the reverse direction a few
turns. Filling of the circuit can then be con
tinued. It may be necessary to work the
shaft back and forth, holding the balls
down, first in one hole then in the other.
This will close up the spaces between the
balls, filling the circuit completely.

e. Lay one-half of the ball guide with the
groove up on a bench. Place the remain
ing balls selected into the groove of the
guide. Close this half. Hold the two halves
together, then plug each end with heavy
chassis grease to prevent the balls from \..I
dropping out.
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()

BALLS(106)

1. BAll RETURN
GUIDE (HALF)

j)
3. BAll RETURN
GUIDE (HALF)

Fig. 30 - Assembling Sail Nut ~

f. Push the ball return guide completely into
the holes in the ball nut. This completes one
circuit of balls.

g. Fill the lower circuit in the ball nut in the
same manner as described.

h. Install the ball return guide clamp on the
ball nut. Tighten the screws securely.

i. Make certain the ball nut and balls are
thoroughly lubricated. Test the assembly
by rotating the ball nut on the worm. Do
not rotate the ball nut to the end of the
worm threads. The assembly must move
freely. Temporarily tape the shaft at both
ends of the ball nut until ready to install
the assembly into the steering gear housing.

j. Remove the tape. Grip the worm below
and above the ball nut to prevent the nut
from running to the extreme ends. Insert
the steering shaft assembly through the
lower opening in the gear housing and
guide the shaft carefully through the upper
column bearing.

k. Install the valve adapter, gasket and bolts.
Tighten the bolts to 25-30 foot-pounds.

I. Place the upper thrust bearings against the
opposite sides of the valve and install on
the worm shaft. Be sure to check the fol
lowing:

Fig. 3 J - Assembling Control to SteeringGear

Thrust bearings have the small races away
from the valve faces.

Scribed marks on the valve, the adapter,
and the spacer are aligned.

m. Install a new adjuster nut finger tight.

n. Install the valve clamping ring and valve
bolts. Tighten the bolts to 15-20 foot
pounds. A valve clamping ring can be made
from an end cover by cutting out the mid
dle portion and leaving outer ring only.

o. Hold the handwheel on center and tighten
the locknut firmly to remove all end play
of the valve spool. Back off the nut and
retighten lightly. Release the hondwheel,
being sure the nut exerts a light pressure
against the spring loaded plungers. Tighten
nut until a load of Y2lb. to 1 lb. is measured
on the rim of an 18" diameter wheel. Stake
the nut in place.

p. Remove the valve clamping ring and in
stall the valve cover and bolts. Tighten the
bolts to 15-20 foot-pounds.

10. Pitman Shaft and Side Cover
Assembly

a. Place the original lash adjuster screw shim
on the lash adjuster screw. Insert the ad
juster screw and shim into the slotted end of
the pitman shaft.
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b. Check the clearance between the adjuster
head and the shaft. Clearance must not
exceed .002 inch. If the clearance is great
er, select a thicker shim. Four sizes are
available.

c. With the lash adjuster screw and shim in
place in the slotted end of the pitman shaft,
start the side cover over the end of the
shaft. Insert a screwdriver into the hole in
the side cover to engage the slot in the
screw.

2. "PITMAN" ARM SHAFT SEALd. Turn the steering shaft until the ball nut
is in the approximate center of the shaft Fig. 32 - Pitman Shaft Seal - Installed
worm. The center tooth of the pitman shaft

11. Installationmust enter the center tooth space of the
ball nut.

Slide the steering gear assembly into thea.
e. With a new side cover gasket in place on sector shaft mounting collar. Install the "U"

the side cover, insert the pitman shaft into bolt on the lower end of the steering gear
the housing, meshing the teeth as described. and snug, but do not tighten the nuts.
Turn the lash adjuster to pull the cover over

b. Install the clamp, shims, lockwashers andthe end of the shaft. Back off the adjuster
nuts on the upper end of the steering gearscrew to permit lash between the sector
assembly at the instrument panel and snug,and ball nut.
but do not tighten the nuts.

VInstall the side cover bolts and tighten se- Turn the steering wheel slowly from onef. c.
curely. extreme to the other, counting the number

of turns then return the wheel to the mid-g. With the gear on center, adjust the pitman way or "center" position.
shaft adjuster screw so that the pull on an
18" diameter wheel is 1%-2 Ibs. thru a 20° d. Install the pitman arm, noting the position
arc over center. Tighten the lock nut. The of the locating marks, the lockwasher and
total pull on 18" wheel for all adjustments the hexnut. Tighten the hexnut securely.
should be 1Vsto 2 Ibs. over center.

e. Tighten the clamp hexnuts at the instru-
h. Install the pitman shaft seal. ment panel. Tighten the hexnuts on the "U"

bolt. Connect the horn wire. Clamp the wir-i. Position the felt washer, the spring and the ing harness to the steering column jacket.
steering wheel on the shaft. Tighten the
wheel nut securely. f. Connect the hydraulic hoses to their re-

spective fittings and tighten securely.j. Lubricate the gear with approximately 1V2
Ibs. of G.M.C.-4567-M lubricant or S.A.E. g. Replace the floor plates and side plates on
90 gear lubricant. the operator's compartment. (Refer to Sec-

tion XVII).
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4. STEERING CYLINDERS

A. General

The dual double acting power steering cylinders
are mounted to the rear of the rear differential
housing by heat treated pins. The piston rods are
pinned to short extensions on the steering knuckles.
A" four pins are identical and each is fitted with a
lubrication fitting.

The cylinders are connected to the power steering
control valve, at the base of the steering gear, by
a series of hydraulic lines. As the wheel is turned,
oil at pump pressure is directed through the correct
lines and to their corresponding area in the cylin
ders. As one piston rod is extended the other is con
tracted, turning the wheels in the desired direction.
The low pressure oil on the opposite side of the pis
ton is returned to the hydraulic tank after it passes
through the discharge side of the control valve.

Each cylinder has a honed cylinder tube with an end
casting welded on for the pivot pin anchorage. A
rod assembly includes two pistons, piston packing
set, piston bearing ring, hex nut, packing gland
end plate with wiper seal and the cylinder head
assembly. The head assembly includes the rod
packings set and the packing gland bushing. The
cylinder head is threaded and uses an O-ring in a
groove in the head to make its connection with the
cylinder oil tight. A spanner is used to loosen or
tighten the cylinder head. Two capscrews are used
to adjust the rod packing in the head of the cylinder
and are locked in place by bendable tabs on the
lockwashers. The packing adjustment is controlled

by the cylinder end plate. The packing gland end
plates should be adjusted so that there is a light
film of oil on the piston rods when the unit is in
operation.

B. Adiusting Hydraulic Power
Steering Cylinders

Adjust the steering cylinders as follows:

1. Disconnect the drag link.

2. With the frame and axle level turn the left
wheel to 25° (front end of tire in and rear
end of tire out) and adjust the open length
of the left steering cylinder and the closed
length of the right steering cylinder to fit.

3. Turn the right wheel to 25° and check the
cylinder lengths. If the right cylinder is not
fully open or the left cylinder is not fully
closed adjust the cylinder length to the
average required.

4. Turn the wheels straight and center the "Pit
man" arm. Adjust the drag link to the cor
rect length and install it.

C. ToReplace Worn Rod Packing Rings

1. Start the engine. Turn the steering wheel
in a direction that extends the piston rod to
its full length, in the cylinder to be worked
on. Stop the engine.

5. POWER STEERING CYLINDERS 4. ROD END ASSEMBLY

'------------_ Fig. 33 - Hydraulic Power Steering Cylinders, ___'
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2. Bend down the tabs on the lockwashers
(Fig. 34) and remove the two capscrews that
secure the cylinder end plate to the cylin
der head. Slide the end plate and bushing
forward on the piston rod.

D. To Replace Worn Piston Packing Rings

1. Disconnect the hydraulic lines from the cyl
inder. Cap the open ends of the lines.

3. Remove the four packing rings and wipe
out the packing gland recess. Do not re
move the bottom adapter ring.

2. Remove the locknut plain washer and pin
from both ends of the cylinder and remove
the cylinder.

4. Insert four (4) new packing rings into po
sition in the recess of the cylinder head,
being certain that the open end of the
"V's" are toward the piston. CAUTION:
When installing the packing rings, stagger
the gaps so that no two gaps are adiacent
and be certain the edges are not over
lapped or doubled back.

3. With a spanner wrench loosen the cylinder
head and pull the piston rod assembly from
the cylinder tube. Thoroughly wipe out the
cylinder tube.

4. Remove the locknut, first piston, four (4)
packing rings, top and bottom adapter
rings and the bearing ring from the piston.

5. Slide the bushing and the end plate back
into position and using new lockwashers
install the capscrews in the end plate and
cylinder head. Tighten the capscrews even
ly and alternately, using slight pressure on
a short wrench; DO NOT OVERTIGHTEN.
Bend up the lockwasher tabs.

5. Install a new packing set (having a free
stacking height of 11)6 + !1'2 -- 0) on the
second piston. Shims may be used to attain
these stocking heights if necessary. Refer
to Fig. 34 for direction and order of assem
bling piston pocking rings.

6. Assemble the piston, locknut and new bear-

oo 0

I~~illl
L- Fig. 34 - Power Steering Cylinder - ---'

CrossSection
1. Rod End Assembly
2. Rod Wiper Seal
3. Cylinder End Plate
4. Seal Ring
5. Cylinder Head
6. Piston Rod

7. Second Piston
8. First Piston
9. Bearing Ring

10. Packing Gland Bushing
11. Lockwashers
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n
ing ring and inspect the seal ring of the
cylinder head to tube connection. Replace
the seal ring (O-ring) if necessary.

7. Slide the piston rod assembly into the cyl
inder tube and turn the cylinder head into
place with a spanner wrench.

8. Install cylinder and connect hydraulic line in
a direct reversal of Steps 1 and 2 above.

E. Power Steering Cylinder Piston
RodWiper Seals

The wiper seal (Fig. 34) installed in the end plate
of each hydraulic cylinder, serves to wipe off dirt
and foreign materiallrom the piston rod surface.
The wiper seal should be replaced when there are
indications that the seal is not wiping the rod sur
face properly. Replace the wiper seal as follows:

1. Remove the locknut, plain washer, and pin
from the piston rod end of the cylinder as
sembly. Swing the rod end of the cylinder
towards the rear of the loader slightly.

n 2. Loosen the two (2) clamp nuts on the rod
end assembly and unscrew the rod end,
noting the amount of turns necessary to re
move it.

3. Bend down the tabs on the lockwashers and
remove the two (2) capscrews that secure
the end plate to the cylinder head. Slide
the end plate off of the rod.

4. Pry the wiper seal out of the end plate.

5. Coat the 0.0. of the new wiper seal with
white lead and press the seal into the end
plate with the lip of the seal towards the
outside of the cylinder.

6. Use masking tape to cover the threads on
the end of the piston rod, slide the end
plate back on the rod and into position on
the cylinder head. Using new lockwashers
on the two (2) capscrews, attach the end
plate to the cylinder head. Tighten the
capscrews evenly and alternately using
slight pressure on a short wrench. DO NOT
OVER-TIGHTEN. Bend up the locking tabs
on the lockwashers.

7. Remove the masking tape from the piston
rod and replace the rod end assembly us
ing the same number of turns that were
required to remove it.

8. Attach the rod end assembly to the bracket
on the steering knuckle flange assembly
using the pin, flatwasher and locknut. Tight
en the clamp nuts on the rod end assembly.

F. Removing Hydraulic Power Steering
Cylinders

1. Disconnect the hydraulic lines from the cyl
inder(s}. Cap the open ends of the lines.
Cap the fitting on the cylinder.

2. Remove the locknut, plain washer and pin
from each end of the cylinder.

3. Remove the cylinder.

G. Installing Hydraulic Power Steering
Cylinders

Install the power steering cylinders in a direct re
versal of Steps 1, 2 and 3 in Para. E. above.
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5. DRAG LINKS

A. General

The drag links are adjustable in length and easily
accessible for service. The end socket assemblies
on both drag links are for ball socket connections.

extreme right turn position; from the ex-
treme right turn position, turn the wheel half , .iI

as many turns back to the left. The steering '-'
wheel is centered in this position, and the
"Pitman" arm at the base of the steering
column should be perpendicular to the
ground.To remove the drag links, remove the dust cover,

pull the cotter pin from the end plug and loosen
the end plug until there is sufficient clearance to
lift the connector clear of the ball joint.

2. Hold a straight edge across each of the
rear tires at rim height and measure be
tween the straight edge and the main frame
at points forward and rear of the axles.
If the measurements are unequal, the drag
link or the tie rod must be adjusted until the
wheels are parallel with the loader's main
frame.

B. Drag Links Adiustment

Adjust the drag links as follows:

1. Center the steering wheel by counting the
number of turns from the extreme left to the

2. SHORT DRAG LINK

m
3. STEERING ARM 4. SPRING

q!~J
~[~~~~~I------~\----~~

5. lONG DRAG LINK1. STEERING GEAR AND CONTROl VALVE

L.,_ Fig. 35- Steering Arm and Drag links ___'
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n

6. STEERING ARM ASSEMBLY

A. Description

The steering arm assembly is located on the inner
side of the left main frame box section and pivots
around its center pin. The steering arm transmits
the motion of the "Pitman" arm, through the short
and long drag links to the small steering arm on
the left hand rear axle steering flange. The center
pivot pin is mounted on roller bearings for ease of
operation, with seals on the outside of the bearings
to maintain the lubricant and eliminate dirt get
ting into the bearings.

B. Removal of Steering Arm Assembly

1. Remove the short drag link from the top
of the steering arm and the long drag link
from the bottom.

2. Remove the cotter pin, lock pin and pivot
pin.
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c. Disassembly and Assembly of the
Steering Arm Assembly

1. Press each bearing and seal out of the arm
assembly.

2. Press the new bearings in place with the
lettering on the bearing facing the outside
of the arm assembly.

3. Press the new seals into place with the seal
lip toward the outside. Lubricate the bear
ings with wheel bearing grease.

D. To Install the Steering Arm Assembly

1. Install the steering arm assembly in a di
rect reversal of Para. "8" above.

2. Adjust the drag link assemblies to maintain
good steering without excessive looseness
at the connection points.
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1. GENERAL DESCRIPTION

The hydraulic system consists of the gear type
hydraulic pump, hydraulic tank assembly, control
valve, double-acting hydraulic cylinders for the
loader booms and the bucket, and the necessary
tubes and lines to complete the system.

The hydraulic pump supplies hydraulic oil power
to operate the loader. The pump is externally
mounted on the torque converter housing of the
transmission, and is directly connected to the en
gine crankshaft through a gear train.

The loader is controlled by the double spool valve
mounted to the top of the hydraulic tank, which
is located behind the operator's seat.

The bucket dump line safety valve, the bucket re
turn line safety valve, and the lift circuit safety
valve located inside the hydraulic tank as shown
in Fig. 2, are properly adjusted at the factory and
require no further adjustment in the field. To in
sure positive bucket positioning, a compensator
check valve is located in the dump cylinder circuit
inside the hydraulic tank, to permit oil to flow
from the front ends to the rear ends of the dump
cylinders to keep the cylinders full of oil.

The lift cylinder safety relief valve is to relieve ex
cessive pressures that can be developed when the
bucket and boom levers are in their neutral posi
tions while the tractor loader is driven into a load.

Set at 2050 to 2100 P.S.I., the valve prevents the
booms, bucket, and linkage from being damaged.

The flow control valve, Fig. 2, located in the top
front end of the loader's control valve assembly
and connected to the lift cylinders lowering line,
is provided so that oil may be transferred from the V
bottom side to the top side of the lift cylinders as
required to keep the lift cylinders full of oil at all
times.

The hydraulic oil pump draws the oil from the hy
draulic tank through the suction line screen and
magnet which is located in the bottom of the hy
draulic tank. The pump circulates the oil under
pressure to the pressure side of the central by-pass
core in the hydraulic control valve, with the control
valve plungers in the neutral position, the oil flows
through this central by-pass core and out of the
control valve into the filtration regulator valve
(snorkel) of the hydraulic tank. The filtration regu
lator valve (consisting of a spring and plunger, in
side a pipe) maintains the maximum flow of oil
through the oil filter. Oil returning into this pipe,
backs up from the regulator valve to the oil filter
line and into the oil filter. .

Cold oil, a dirty filter element or a flow of oil in
excess of 70 gpm will open the regulator valve and
permit the unfiltered oil to return directly to the
hydraulic tank.
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Fig. 2 - Hydraulie Tanle .......

1. Flow Control Valve Cap
2. Detent Cap
3. Hydraulic Tank Breather
4. Oil Filler Plug and Dip.stick
5. Filter Cover and Gasket
6. Air Filter
7. Oil Filter
8. Return Line Safety Valve (2550 to 2600 P.S.I.)
9. Filter Tube
10. Lift Circuit Safety Valve (2050 fa 2100 P.S.I.)
11. Suction Line Screen and Magnet
12. Raise Tube (L.H.Cyl.)
13. Return Tube (L.H.Cyl.)
14. lower Tube (L.H.Cyl.)

15. Dump Tube (L.H. Cyl.)
16. Discharge Line (Snorkel)
17. Raise Tube (R.H. Cyl.)
18. lower Tube (R.H. Cyl.)
19. Return Tube (R.H. Cyl.)
20. Dump Tube (R.H. Cyl.)
21. Power Steering Relief Valve (950 to 1000 P.S.I.)
22. Pressure Tube
23. Dump Line Safety Valve (1850 to 1900 P.S.I.)
24. Check Valve (one way)
25. Cover Plate Gasket
26. Hydraulic Tank
27. Hydraulic Control Valve

2. OIL RECOMMENDED FOR HYDRAULIC SYSTEM

A good grade of rust inhibiting hydraulic oil or
automotive crankcase oil having a viscosity of
210·225 S.S.U. at 1000 F. (SAE lOW) is recom
mended for use in the hydraulic system. NOTE:
Do not use an oil that foams.

No specific brand of oil is recommended for use
in the hydraulic system. Use only products quell
fied under the above specification and recom
mended by reputable oil companies. l./•
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3. CHECKING OIL LEVEL OF HYDRAULIC SYSTEM

n An oil level dip-stick, attached to the oil filler plug
(Fig. 2), is provided in the left front corner on top
of the hydraulic tank. The oil level should be
checked after every 10 hours of operation by re
moving the dip-stick and oil filler plug. NOTE: Be
certain the loader is level before checking the
oil level. With the engine running at full throttle,
raise the boom to radiator height. Actuate the
bucket through its full travel several times to make
certain the dump cylinders are full of oil, then fully
retract the dump cylinders. Move the boom con
trol lever to the LOWER position and lower the
bucket to ground level, then return the control
lever to its NEUTRAL(HOLD) position. Be sure the
engine is running at full throttle when performing
these operations. Stop the engine and check the
level as follows:

a. Thoroughly clean the top of the hydrau
lic tank (at the oil filler plug location) be
fore removing the filler plug.

b. Remove the dip-stick and oil filler plug and
dry the dip-stick with a clean cloth.

c. Insert the dip-stick back into the hydraulic
tank, resting the oil filler plug on the top of

the oil filter cover. Withdraw the dip-stick
and note the oil level; the oil level should
be even with the ring groove in the dip
stick.

d. Add oil to the hydraulic tank as necessary
to raise the level even with the ring groove
in the dip-stick. Install the dip-stick and oil
level plug and tighten securely.

IMPORTANT: The oil level should never be
allowed to drap more than 7 inch below the
ring groove in the dip-stick. When the oil
level in the hydraulic tank is too low, the
action of the lifting and dumping cylinders
will be sluggish because the hydraulic
pump is not receiving enough oil and is, to
some extent, pumping air. The upward
movement of the bucket during the lifting
operation might be slowed to half its nor
mal speed, or it may stop entirely, due to
an insufficient supply of oil in the system.
The same applies to the dumping cylinders.
Considerable damage can be done to the
hydraulic pump when the oil level is al
lowed to get so low that the suction line ;s
not full.

4. TESTING OF HYDRAULIC SYSTEM FOR PROPER OPERATION

The following test can be made to determine if
functioning properly: The time required to raise
an empty bucket from ground level to the full
raise position, with the engine running at full throt
tle, should be approximately 8.5 seconds. NOTE:
THE HYDRAULIC SYSTEM SHOULD BE AT NOR
MAL OPERATING TEMPERATURE WHEN MAKING
THIS TEST.

If it is found that the bucket raises slowly when
testing as above, check the following:

a. Make certain that the oil in the hydraulic
tank is at the proper level. (Refer to Topic
3 in this Section).

b. Be certain that the suction line screen, lo
cated inside the hydraulic tank, is clean.
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c. Make certain that the hydraulic pump is in
good operating condition. (Refer to Item 7.
"Pump" in this Section.)

d. The pressure relief valve, of the hydraulic
control valve, is properly adjusted to open
at a pressure of 1700 to 1750 P.S.I. As this
valve was properly adjusted at the factory,
no further adjustments should be necessary
in the field. However, if repairs to the load
er control valve assembly have been
made, or if a new control valve assembly
has been installed, the pressure relief valve
should be tested and adjusted for the
proper opening pressure. Testing and ad
justing of the relief valve is also necessary
when a new or a rebuilt hydraulic pump
has been installed. CAUTION: Never adjust
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L- Fig. 3 - Checlcing Hydraulic Relief ...J

Valve Pressure

the pressure relief valve (to increase the
pressure) without first making certain that
the suction line screen in the hydraulic tank
is clean. Also, make certain that the oil in
the hydraulic system is at normal operating
temperature.

Test and adjust the pressure relief valve as follows:

1. Lower the bucket to the ground. Remove
the cover plate from the top of the stabi
lizer. Thoroughly clean the top of the load
er control valve.

2. Remove the rear pipe plug from the loader
control valve and install a 3000 P.S.1. ca
pacity pressure gauge. NOTE: A master
gauge kit is available through your 1/Allis
Chalmers" Construction Machinery Dealer.

3. Start the engine and operate it at full throt
tle. Raise the bucket to its maximum height.

4. Move the boom control lever to its fully
"RAISED" position and observe the pressure
indicated by the gauge. The pressure
should be 1700 to 1750 P.S.1. Return the
boom control lever to its neutral position.
CAUTION: When performing this test, do
not hold the boom control lever in the
"RAISED" position for long period of time:
hold it ;ust long enough to obtain an ac
curate gauge reading.

5. If the pressure indicated by the gauge is
above or below the recommended pressure
setting (1700 to 1750 P.S.I.), adjustment of
the pressure relief valve is necessary.

6. To adjust the pressure relief valve, remove
the pressure relief valve acorn nut and
loosen the jam nut on the adjusting screw.
First "back off" the adjusting screw about
2 turns. Carefully turn the adjusting screw \...I
IN to increase the pressure as necessary.
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The valve carries an instruction plate which
states: CAUTION: Do not turn the adiusting
screw IN more than ~ turn at a time.
When the correct adjustment is obtained,
lock the adjusting screw securely with the
jam nut and install the acorn nut. NOTE:
Pressure in excess of 1750 P.S.I. has
no effect on the speed or the efficiency
of the bucket operation, but definitely
causes unnecessdry wear on component

parts-particularly the pump assembly.

7. Slow the engine to idling speed and lower
the bucket to the ground. Move the boom
control lever to the "FLOAT" position and
stop the engine.

8. Remove the pressure gauge. Install the pipe
plug and tighten it securely. Replace the
cover plate on top of the stabilizer.

5. DRAINING, FLUSHING, AND FILLING OF HYDRAULIC SYSTEM

n

....._----------- Fig. 4 - Hydraulic: Piping ---'

The hydraulic system sho~ld be drained, flushed,
and refilled with new oil after every 1000 hours of
operation, or more often if oil is found discolored.
NOTE: The oil should be at normal operating tem
perature when draining from the system.

Drain, flush, and refill the system as follows:

a. Remove the bucket from the machine.

b. Start the engine and carefully retract the
dump cylinders all the way. Use care to see
that the front end of the dump links are
moving freely.
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c. Raise the booms to full height. When the oil
reaches operating temperature, stop the
engine. CAUTION: SUITABLY SUPPORT
THE BOOM TO PREVENT ACCIDENTAL
DROPPING DURING THE NEXT OPERA
TION.

d. Drain the hydraulic tank completely as fol
lows:

1. Remove drain plug located on left hand
side in bottom of tank.

2. Remove the suction and pressure elbow



fittings from the loader hydraulic pump
to accelerate the draining operation.
The baffle cup placed upside down over
the suction line opening inside the tank
serves as a temporary cover to prevent
oil flow while removing the suction
elbow.

e. Move the bucket (dump) control lever back
and forth several times to relieve pressure
Disconnect both dump cylinder hoses on
each side of the machine where they pass
through the loader frame. Place a con
tainer under the hoses (and close to the
tank bulkhead fittings) to catch the drained
oil - about 3 gallons on each side.

f. Remove the boom support. Place the boom
control lever in the LOWER position, allow
ing the booms to descend until all the oil is
expelled from the lift cylinders into the
tank and out through the drain. Do not use
FLOAT position. NOTE: Some oil will dis
charge through the dump cylinder hoses
while the booms are being lowered.

g. Use an external power source to completely
extend the dump cylinder rods, thereby ex
pelling all the oil. Be careful not to damage
the cylinder eye.

h. The oil remaining in the loader control
valve may be drained by disconnecting the
lift cylinder hoses at the cylinders.

i. Disconnect both lines from the power steer
ing cylinders. By turning the steering wheel
from one extreme to the other, oil will be
expelled from the valve and cylinders. The
rear of the machine must either be jacked
up or the drag link disconnected from the
steering axle to facilitate turning the steer
ing wheel. Disconnect the suction line from
the power steering pump for draining.

j. Install new oil filter, air filter, and tank
breather elements. (Refer to items B, C, and
D of "Hydraulic Tank Assembly" in this
Section.)
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k. Reconnect all lines which were discon
nected during draining as follows:

1. Pressure and suction lines - pump to
tank.

2. Lift and dump cylinder hoses-cylinders
to tank.

3. Power steering cylinder hoses - both
tank and pump to cylinder.

4. Suction line - power steering to pump.

I. COMPLETELYfill the hydraulic tank with
the best grade of kerosene. Start the en
gine to circulate the kerosene through the
system. Operate both of the loader control
valve levers four or five times to thoroughly
flush out the lift and the dump cylinders.

m. Drain the hydraulic system by following
steps B through I, above. Referring to step
K, reconnect all of the lines.

n. Remove the dip-stick and oil filler plug from
the hydraulic tank. Fill the hydraulic tank
to a level with the ring groove in the dip
stick with the specified oil. Install the dip
stick and oil filler plug.

o. Start the engine. Operate the loader con
trol valve levers to fill the lift and the dump
cylinders with oil. Add oil to the hydraulic
tank as necessary to keep the suction line
filled.

p. Reinstall the bucket.

q. Fully retract the dump cylinders and lower
the bucket to ground level.

r. Remove the dip-stick and oil filler plug
and dry with a clean cloth. Insert the dip
stick back into the tank, resting the oil fill
er plug on top of the oil filter cover. With
draw the dip-stick and oil filler plug and
note the oil level; the level should be even
with the ring groove in the dip-stick.



s. Add oil to the hydraulic tank as necessary
to raise the level even with the ring groove
in the dip-stick. On the final check allow
a few minutes for the oil to settle before re-

checking the proper level. Install the dip
stick and oil filler plug and tighten it se
curely. The hydraulic system is now full and
ready to operate.

6. GENERAL CARE OF HYDRAULIC SYSTEM

A. Keep all tube fittings and hose connections tight
to prevent oil leaks. Do not over-tighten or use
sealing compound.

B. Use such compounds as "Permatex #2" on
pipe threads when replacing fittings. Make cer
tain that all parts are thoroughly cleaned be
fore installation.

C. When installing a hose assembly be sure that
it is not twisted when the connections are tight
ened.

D. Keep all hose clamps tightened to avoid hose
chafing.

E. Keep the packing glands for the hydraulic lift
and dump cylinders properly adjusted to

avoid oil leakage. The packing gland and end
plates should be adjusted so that there is a
light film of oil on the piston rods when the
unit is in operation.

The packing glands of each cylinder are adjusted
by removing the lockwire from the capscrews in
the packing gland end plate. Tighten the four
capscrews evenly using a slight pressure on a short
wrench. Lock the capscrews with lockwire.

NOTE: Excessive tightening of the packing glands
results in rapid wear on the packing rings and
severe wiping of the piston rod. If the packing
gland leaks oil after being adiusted properly, it
is an indication that the packing rinrs are worn
and should be replaced.

7. HYDRAULIC TANK

The hydraulic tank is designed so that with little
periodic service, top performance can be main
tained indefinitely. Service of the filters, breathers,
suction line screen and magnet, of the tank assem
bly is dependent upon operating conditions. (Refer
to Fig. 2.)

A. Oil Filter Element and Case

The oil filter, located inside of the hydraulic tank
(as shown in Fig. 2), has a micronic element which
should be replaced after every 100 hours of op
eration, or more often if conditions warrant. When
the oil is at operating temperature, all oil is 100%
filtered. Refer to Fig. 2 and replace the oil filter
element as follows:

1. Oil Filter Service

a. Remove cover plate from th.e top of the
stabilizer for access to the hydraulic tank
assembly. Thoroughly clean the filter cover
and surrounding area.

b. Remove the filter cover (with oil dip-stick)
from the top of the hydraulic tank.

c. Pull the filter element from the oil filter case
and discard the element. Thoroughly clean
the inside of the filter case.

d. Make certain that the spring and metal
washer are in position on the pipe in the
bottom of the filter case. Insert the new
filter element into position in the filter
case, making certain that the lower end of
the element seats squarely on the metal
washer.

e. Place a new cover gasket in position on the
tank and install the filter cover (with oil
dip-stick). Tighten the hex nut evenly and
alternately to a torque of 20-25 Ibs. ft.

2. Oil Filter Case Service

Refer to Fig. 2, to remove and install the oil filter
case in the hydraulic tank assembly as follows:
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a. With cover plate off and filter element out,
the filter case and ring seal can be lifted
out of the tank assembly.

b. Inspect the ring seal for cuts or damage
and replace it if necessary. Thoroughly
clean the filter case and check for cracks,
holes or dents and replace if necessary.

c. Install the ring seal in the groove of the
tank assembly filter case bore and apply a
thin coat of oil on the outside of the filter
case. Rotate the case so that the flat at the
top of the case is aligned with the oil inlet
line of the hydraulic tank, and install the
filter case into the hydraulic tank.

d. Install the filter element, the gasket and the
cover plate.

B. Hydraulic Tank Breather and
Air Filter

To permit the hydraulic tank to expell air which
otherwise might cause an "cit-lock" in the hydrau
lic system components, a fiber element type breath
er is used on top of the tank. To further filter the
dust and dirt which could pass through this type
breather, an air filter is used and is located under
neath the breather inside the hydraulic tank.

1. Tank Breather Service

The tank breather (Fig. 2) should be serviced after
every 10 hours of operation, or more often if con
ditions warrant. The breather element should be
replaced after every 100 hours of operation. Clean
the breather element as follows:

a. Loosen and remove the machine screw and
lockwasher attaching the breather cap to
the base. Remove the breather cap and the
breather element.

b. Wash the element in clean solvent or diesel
fuel, dry with compressed air (from the in
side out), and dip the element in clean oil.
Shake off the excess oil and reinstall the
element, breather cap, and the machine
screw (with lockwasher).

2. Breather Air Filter Service

The element of the air filter, located inside the hy
draulic tank as shown in Fig. 2, should be replaced
after every 100 hours of operation, or more often
when operating in extremely dusty conditions. Re
place the filter element as follows:

a. Thoroughly clean the filter cover and sur
rounding area.

b. Remove the hex nuts, filter cover (with the
tank breather), and cover gasket from the
top of the hydraulic tank.

c. Pull the filter element from the filter case
and discard the element and cover gasket.
Thoroughly clean the inside of the filter
case.

d. Insert the new element (with the open end
upward) into position in the filter case and
center the element within the case.

e. Place a new cover gasket in position on the
tank and install the filter cover (with tank
breather). Tighten the hex nuts evenly and \....t
alternately to a torque of 20-30 Ibs. ft.

3. Air Filter Case Service

To remove the air filter case, follow the same pro
cedure as described under "B. Oil Filter Cose" in
this Section, except that there is no flat on the air
filter case.

C. Hydraulic Suction Line Screen
and Magnet

1. Service

A screen and magnetic ring placed in the suction
line at the bottom of the hydraulic tank, serve to
screen or collect the dirt, lint, fibers and metal par
ticles from the oil. Therefore, it is important that
the suction line screen and magnet (Fig. 5) be
cleaned daily during the first week of operation
or until the amount of foreign material collected
daily has practically disappeared. Thereafter, the
screen and magnet should be cleaned after every '-'
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1. BAFFLE

2. BAFFLE SUPPORT

4. MAGNET

Fig. 5 - Suction Line Screen and Magnet

100 hours of operation. These parts are accessible
for cleaning by the removal of the oil filter cover,
the filter element, and the air filter case and reach
ing down into the tank.

IMPORTANT: Plugging of the Suction Line
Screen with Foreign Material (particularly fibers
worn from the Packing Rings) will starve the
Hydraulic Pump, which almost always results in
serious damage to the internal parts of the Pump.
Therefore, it is imperative that the Suction Screen
be kept clean.

n 2. Cleaning Screenand Magnet

Clean the suction line screen and magnet as fol
lows:
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a. Remove the air filter element and case fol
lowing the same procedure in item "C" of
this Section.

b. Reaching down through the air filter bore
of the hydraulic tank, push sideways on the
bail to loosen the suction line screen baffle
cup (Fig. 2) and remove the baffle cup and
the suction line screen. Remove the magnet
(ring) from the suction line.

c. Wash the suction line screen in clean sol
vent or diesel fuel and dry with compressed
air. If the screen is torn or damaged in any
way, it should be replaced.

d. Wash magnet in clean solvent or diesel fuel
and wipe clean. Place the magnet in posi
tion on the suction line and insert the suc
tion line screen into the suction line. Install
the suction line screen baffle cup and secure
with the bail.

e. Reinstall air filter element and case follow
ing same procedure in item "C" of this
Section.

D. Tank Removal

1. Remove the four (4) capscrews, lockwash
ers and plain washers from the hydraulic
tank and valve cover, and remove the
cover.

2. Remove the engine side panels and hood,
refer to "Radiator Guard, Grill, Shroud
and Radiator," Section IV.

3. Remove the cotter pin and clevis pin from
each control lever to disconnect the control
levers from the bell crank assemblies.

4. Drain the hydraulic tank, refer to "Drain
ing, Flushing and Filling of Hydraulic Sys
tem" in this Section.

5. Disconnect the four (4) hoses on each side
of the main frame, and remove the swivel
elbow assemblies. Cap the open fittings.

6. Disconnect the pressure power steering and
suction lines from the tank.



7. Remove the four (4) capscrews, plain wash
ers, lockwashers and hex nuts attaching
the hydraulic tonk to the tonk support
plate.

8. With a sling or suitable strop, lift the tonk
out of the loader.

E. Tank Maintenance and Inspection

Check all seal rings in the bulkhead connections

and valve mounting and manifold plate. Check all
gaskets for leaks or damage. If any of these con-
ditions exist, the seal rings or gaskets must be re
placed. Torque all cover hex nuts to 20-25 Ibs. ft. V
F. Tank Installation

Install the hydraulic tonk in direct reversal of "0.
Removal" above. Torque the capscrews fastening
the hydraulic tonk to the tonk support plate to 75
Ibs. ft.

8. HYDRAULIC CONTROL VALVE

The two lift cylinders and two dump cylinders are
controlled through the control valve which is located
underneath the hydraulic tonk cover plate behind
the cperator's seat and is attached to the top of the
hydraulic tonk (refer to Fig. 2). The control valve
houses the hydraulic system main pressure relief
valve, which provides for regulating the pressure
throughout the hydraulic system (refer to Fig. 7).

A. Removal of Hydraulic Control
Valve

1. Relieve the pressure in the system by mov
ing both control levers bock and forth from
their neutral positions, with the engine
stopped and the bucket resting flat on the
ground.

2. Disconnect the control valve plungers from
the lever linkage by removing the cotter pin
and celvis pin from each plunger eye.

3. Remove the seven Y2" capscrews and lock
washers, eight seal rings and the control
valve from the hydraulic tonk.

B. Disassembly of Control Valve (Refer to
Fig. 7)

1. Thoroughly clean the exterior of the valve
assembly.

2. Clomp the valve housinq in a vise so that
the pressure relief valve cop is accessible.
Always use a copper jawed vise to protect
the machined surfaces of the valve and its
ports.

3. MANIFOLD
PLATE

4. GASKET

Fig. 6 - Control Valve to Manifold Plate
Seal Rings

3. Remove the relief valve acorn nut, locknut
and adjusting screw.

4. Remove the pressure relief valve cop and
seal ring, spring guide, relief valve spring,
and relief valve plunger.

5. Remove the 11,4" NPT plug from the end of
the housing opposite the plunger end.

6. Insert a brass or bronze drift through the
pipe plug opening and drive the relief
valve seat from the housing.

7. With the valve housing clamped in a vise,
and the operating plungers in a horizontal
position, remove the four capscrews, lock-
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1. Detent Cap
2. Cap
3. Detent Poppet
4. C-Ring
5. Spring
6. Plunger
7. Flow Valve (Steel ball)
8. Plunger
9. Range Spool

10. C-Ring
11. Spool Eye
12. Seal
13. C-Ring
14. Direction Spool
15. Adjusting Screw
16. Acorn Nut
17. Jam Nut
18. C-Ring
19. Spring
20. Poppet
21. Relief Valve Assembly
22. Plunger
23. Pipe Plug
24. Spring
25. Spring
26. Spring Retainer
27. Spring Cover

washers, gasket and plunger spring cover
from the valve housing.

8. Hold the plunger cap with a suitable
wrench. Place a brass or bronze rod or
drift in the plunger eye. Strike the drift
sharply, counter-clockwise to the direction
of the plunger cap thread, and loosen the
plunger eye for removal.

An alternate method for holding the operat
ing plunger so that the eye can be loos-
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ened for removal, is to insert a brass rod
through one of the valve inlet or outlet
openings and into a convenient hole in the
plunger.

9. Remove the plunger eye, seal ring, rear
check valve spring and the rear check
valve. NOTE: Check valves and springs are
not interchangeable. Identify these parts as
they are removed from the operating
plunger.

10. With the plunger eye removed, push on the
end of the dump plunger, where eye was
removed, until the plunger and plunger re
turn spring emerge from the valve housing
and can be removed.

NOTE: The valve plungers are individually
fit and are not interchangeable with the
dump control plunger because of the float
control hole in the lift plunger, and because
the float control is longer due to the detent
control mechanism. Identify these parts as
they are removed from the valve housing
to assure reassembly in the same bore.

11. Clamp the dumping cylinder plunger in a
copper jawed vise with the end cap ac
cessible.

12. Remove the plunger cap, seal ring, outer
washer, check valve spring, inner washer
and the check valve. NOTE: Check valves
and springs are not interchangeable. Iden
tify these parts as they are removed from
the dump cylinder plunger.

13. Remove four capscrews, lockwashers, de
tent plunger cap and gasket from the lift
cylinder plunger of the valve housing.

14. Remove lift cylinder plunger eye as in step
8 above, and pull the lift cylinder plunger
from the valve.

15. Remove the detent poppet plungers and
springs from the lift plunger, then follow
same steps 11 and 12 above to disassemble
the lift plunger.



16. Remove the plunger oil seals with a heavy
screwdriver or pry bar. Care must be taken
to prevent scoring the seal bore.

17. Remove the flow control valve cap with
seal ring. Catch the steel ball check so that
it will not be damaged when removing.

18. Inspect the ball check seat for burrs or worn
spots, which would prevent the ball check
from seating properly. If the ball check
or the ball check seat are damaged, they
should be replaced. To reinstall the ball
check seat, use a puller to remove the seat,
and after applying white lead to the out
side diameter of the new valve seat, drive
the seat into position in the housing with a
tool which completely covers the outer di
ameter of the ball check seat.

C. Fits and Tolerance Recommendations
for Replacement of Parts

1. When the valve plunger oil seals are re
moved, replace with new seals.

2. Replace the plunger eye seal and the
plunger cap seal rings if they are swollen
or damaged.

3. Inspect the plungers and the plunger bores
for worn spots, scoring, or gummy deposits.

4. Inspect the plunger relief valve and the
return springs for breaks or fatigue.

5. When the plunger-to-housing clearances
become excessive due to normal wear, the
valve assembly must be replaced.

Should the excessive wear of a plunger
arise, the diametrical clearance between
the plunger and the plunger bore is .0007"
to .0009". Plungers are not replaceable or
interchangeable. The valve housing and
plungers are select fitted at the factory of
the manufacturer and are not serviced in
dividually.

NOTE: The pressure relief valves of all new
or factory rebuilt control valve assemblies

are set at 1400 P.S.I. Ad;ust the pressure
relief valve of a new or factory rebuilt con
trol valve to a pressure of 1700 to 1750
P.S.I. for this loader. V

6. Remove any burrs from the seal bores with
fine emery cloth.

D. Control Valve Assembly Procedure

1. Clean all parts in cleaning solvent or die
sel fuel and dry thoroughly.

2. Coat the two seating diameters of the re
lief valve seat with white lead and install
the seal ring in its groove of the seat. Press
the seat into the bore of the valve housing
from the relief valve end, making certain
that the relief valve seat is aligned cor
rectly with the housing bore.

3. Lubricate the relief valve plunger with
clean oil and install it in the relief valve
seat. It is not necessary to lap or grind the
relief valve plunger and seat.

4. Install the relief valve spring, spring guide,U
pressure relief valve cap and seal ring, ad
justing screw, locknut and acorn nut.

5. Install the 11,4" pipe plug in the valve hous
ing, after coating the threads with white
lead. Tighten securely with a hex socket
wrench.

6. Clamp the plungers in a copper jawed vise
with the cap ends accessible.

7. Install the marked check valve, check valve
spring and the plunger cap, respectively.
The return spring of the dump cylinder
must be centered and not caught on the
shoulder of the plunger when installing the
plunger in the valve.

NOTE: If the plunger check valves are re
placed, it is necessary to lap the plunger
into its seat with fine grain valve lapping
compound. Remove all lapping compound.. •
before proceeding. '-'
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8. Lubricate the plunger with clean oil and
carefully insert it (open end first) into its
bore, from the cover end of the valve hous
ing.

9. Attach the end cover or detent cap to the
valve housing to hold the plunger in place;
do not tighten the end cover or detent
cap capscrews at this time.

10. Coat the 0.0. of the plunger oil seal as
sembly with white lead.

11. Install the plunger oil seals on the plung
ers, with the sealing lips of the seal assem
bly turned as shown in Fig. 3. Drive each
seal into its bore until it stops at the bottom
of its bore.

12. Install the check valve, check valve spring,
seal ring and the plunger eye of the dump
cylinder plunger, and the seal ring and
plunger eye in the lift cylinder plunger.

13. Tighten each plunger eye by a direct re-

versal of steps 8 and 9, under "Control
Valve Assembly."

14. Tighten the capscrews of the plunger detent
cap and cover to a torque of 18 Ibs. ft.

E. Installation of Control Valve Assembly

1. Thoroughly clean the top surface of the
tank and valve mounting plate of the tank.

2. Place the eight seal rings into their respec
tive grooves in the top of the valve mount
ing plate.

3. Carefully place the control valve on the
mounting plate and install the seven cap
screws and lockwashers. Tighten capscrews
evenly and alternately to a torque of 50
to 60 Ibs. ft.

4. Attach control valve plungers to their re
spective linkage levers with the clevis pins
and cotter pins removed in step 2 of "A.
Removal of Control Valve Assembly."

9. HYDRAULIC PUMP

The hydraulic pump should be removed, disassem
bled, and inspected after one year of operation
even though no noticeable decrease in operating
efficiency has become apparent. Without actually
inspecting the internal parts of the pump, it is dif
ficult to determine from the operating test exactly
when an overhaul should be made to the gear type
pump. A gear type pump may maintain its maxi
mum operating efficiency to a point where the
bearings start to fail.

A. To Remove Hydraulic Pump

1. Drain the hydraulic tank. Refer to Topic 5
in this Section.

2. Remove the four capscrews and lockwash
ers with gasket from the suction side of the
hydraulic pump, and remove the adapter.

Remove the four capscrews and lockwash
ers from the pressure side of the hydraulic
pump, and remove the flange halves, hose
assembly and seal ring.
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3. Remove the four capscrews and lockwash
ers from the pump adapter flange to the
transmission housing, and pull the pump
from the transmission.

B. Disassembly of Hydraulic Pump (Refer to
Fig. 8)

Clean the pump with a solvent. Remove burrs and
sharp edges from shaft at drive end. Mark the
housing sections to reassemble as taken apart.

1. Remove the capscrews at the seal retainer.

2. Removethe retainer from the adapter cover
by prying at the two undercuts of the re
tainer.

3. Pry the two lip seals out from the retainer,
remove the two O-rings and discard. The
seals seat may be removed by hand. DO
NOT remove the seal seat unless neces
sary.



10

'-- Fig. 8 - Loader Hydraulic Pump - Cross Section ____J

1. Seal
2. LowPressure Seal
3. Seal Assembly
4. Seal Retainer
5. Ball Bearing
6. Gear Housing
7. Wear Plates
8. Sleeve
9. Seal Ring
10. Hex-Hd. Capscrew
11. Roll Pin

NOTE: Follow the procedure under "Seal
Reassembly" if it is necessary to replace the
seal seat and seal assembly, only.

4. Remove the bronze seal, drive key, spring
and washer.

5. Remove the four large head capscrews and
the two capscrews with nuts.

6. Remove the end cover housing by tapping
with a soft hammer. The cover may come
off separately or with the gear housing.
Separate the two sections if together.

NOTE: Do not pry the housing sections
apart, as the machined sealing surfaces will
be damaged.
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12. ThrustWasher
13. Drive Shaft
14. DrivenGear
15. Bearing
16. Socket Head Capscrew
17. Adapter
18. C-Ring
19. C-Ring
20. Seal Retainer
21. SeaI Seat

7. Removal of the end cover housing will per
mit removal of the wear plate, any shims,
O-ring and formed ring with backup ring.
Discard the rings.

8. Tap the gear housing with a soft hammer
to remove it from the adapter cover hous
ing.

9. Mark the gears with an India stone, to re
assemble them in the same position, Fig. 9.

10. Remove the gears.

11. Tap the gear end of the drive shaft with
a soft hammer to remove the outboard
bearing from the adapter cover housing
then, remove the drive shaft.
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'---- Fig. 9 - Marking Typical Pump Gears __ ....

Fig. JO- Typical Pump Gears Showing Marking

12. Remove the wear plate, any shims, O-ring,
formed ring with backup ring. Discard the
rings.

13. Start the removal of bearings with tool, Fig.
11. Complete the removal of the bearings
as shown in Fig. 12. DO NOT remove the
bearings unless they are being replaced.

The bearing in the adapter cover housing
on the drive shaft side can be removed by
pressing or tapping it from the retainer
end.

14. Before removing the thrust washer from the
end cover housing, NOTEthe Bearing Bore
from Which it is Removed. Thisthrust wash
er goes in the bearing bore on the drive

Fig. J2 - Completing Removal of Pump __ ....
Bearings

shaft side only with the BRONZEside fac
ing the shaft end.

c. Inspection

Wash all parts in solvent and dry with lint free
cloths or dry compressed air. DO NOT spin dry
the bearings with compressed air.

1. Remove nicks and burrs from the machined
surfaces of the end cover, adapter cover



Fig. J3 - Removing Nicks and Burrs from
Adapter Cover

Fig. J4 - Removing Nicks and Burrs from
Gear Housing

and gear housing. See Fig. 13 and 14.

2. Inspect the edges of the gear teeth and
gear surfaces for burrs and scoring. Re
move with an India stone. See Fig. 15.

3. Check the seating of the wear plates on the
end cover and adapter cover surfaces. A
rocking motion indicates a burr on the ma
chined surface of either the housing or the
wear plate.

4. Wear plates that are severely scored, ex-
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L..-__ Fig. J5 - Cleaning Gear Edges with __ --'
India Stone

Fig. J6 - Pump Wear Plate with Erosion Mark

cessively worn, or have an erosion mark in
the relief pocket area of the gear pattern,
Fig. 16must be replaced.

NOTE: Score marks around the shaft holes
can be an indication of spalled bearing.

5. Inspect the shafts at the roller bearing and
seal areas for spalling and wear. Replace
if the roller journal wear exceeds the nom
inal shaft diameter by .001 inch or if dam
aged at the seal area.

WARNING: Shaft and bearing failures are
of a fatigue nature; therefore ;udgment
must be used and consideration given to
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the hours of operation under load. The
parts could be close to the fatigue point
even though they show little wear.

6. Inspect the bearings for roller freeness, pit
ting and wear. Spoiling of the outer race
way cannot be observed visually; however,
any roughness can be detected by carefully
rolling a roller around the raceway. The
bearing area under greatest load will be
on the suction side of the pump. Spoiling
will also result in the rollers becoming
pitted.

NOTE:Wear can be determined by a feeler
gage inserted between the shaft and the
rollers with the bearing in the housing bore.
The maximum allowable clearance is .003
inch.

Replace the bearings if the clearance ex
ceeds this amount.

n
NOTE: IF THESHAFTSARE REPLACEDbe
cause of excessive wear, install new bear
ings, or vice versa.

7. Inspect the gear housing for gear cutout.
and replace it and the gears as required if
the gear tooth to housing bore clearance
exceeds .010 inch at the "C" location while
holding the gear tightly against .008 inch
of feeler or shim stock between the gears
and housing bore.

NOTE:Measurements are to be taken with
the pump shafts in a vertical position in
the bearings of the adapter cover and with
the gear housing piloted on the adapted
cover.

8. Replace the gears if the faces are severely
scored or if the width is smaller by more
than .0055 inch of the gear housing width.

9. Replace the lip seals, O-rings, formed rings
and backup ring.

10. Replace both the seal seat and bronze seal
if the lapped mating surfaces are not
smooth.

11. Replace the thrust bearing if the ball bear
ing and/or the raceways are pitted or
spalled. Refer to fatigue failure in Step 5.

D. Assembly of Pump

Rewash and dry all parts that were stoned or filed.

1. Place the thrust washer in the correct bore
of the end cover housing. Refer to Step 14
of Disassembly. Place bearings in the bores
and press in until the face of the race is
JUST BELOWthe machined surface of the
housing. DO NOT EXCEED .005 INCH
MAXIMUMDEPTH.

2. Measure the gears and the gear housing
as in Figures 17 and 18.Make note of the
dimensions for the installation of the prop
er quantity of .002 inch thick brass shims
only for .0035 to .0055 inch running clear
ance.

3. Install a formed ring with backup ring and
an O-ring to the grooves of the adapter
end housing. Align the dowel hole of the
wear plate with the dowel pin of the
adapter cover and place the wear plate
with the bronze side toward the gears onto
the housing face, and a seal ring around
the wear plate. Coat the gear contact area
of the wear plate with light oil.

NOTE: The dowel pins in the adapter and
end cover housings and the one dowel lo
cating hole in the wear plates and gear
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Fig. 18- Measuring the Gear Housing __ ......

housing, makes it impossible to assemble
the parts incorrectly.

4. Install the driven gear to the adapter end
housing.

5. Install the drive shaft to the adapter end
housing. The gear spline resting against
the bearing will prevent the shaft from
sliding through. Slide the gear over the
shaft splines and against the wear plate.
Line up the reference marks, Figure 10, if
the gears are reused.

NOTE: The gear on the drive shaft MUST
float after installation.

6. Refer to Step 2 and install any brass shims.

7. Install the gear housing, over the shafts and
gears, and tap down until bottomed
against the wear plate with a soft hammer,
Make sure the dowel hole of the housing is
aligned with the dowel pin in the adapter
end housing. Align reference marks if
housing is reused.

8. Refer to Step 2 and install any brass shims.

9. Lubricate the gear faces with light oil. Align
the dowel hole of the wear plate with the
dowel hole in the gear housing and place
the wear plate with bronze side toward
the gears over the shafts and onto the gear
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housing. Place an O-ring around the wear
plate.

10. Place a formed ring with backup ring and
an O-ring coated with light grease to
grooves in the end cover housing and in
stall it over the shafts and tap down with a
soft hammer until bottomed against the
wear plate. Make sure the rings do not fall
out of place. Install the large capscrews
and torque to 190 ft. Ibs. with a torque
wrench. Be sure capscrews and spot-faces
are free of nicks and burrs.

11. Install the capscrews with nuts and torque
to 70 ft. Ibs. with a torque wrench.

12. You have proper running clearance if: The
shaft can be rotated with a wrench or other
tool eight inches long, with only a slight
drag. If effort is too great, add shims as re
quired. DO NOT exceed .0055 clearance.

Before adding shims, BESUREthe parts are
clean and free of burrs or nicks. Also, first
loosen the capscrews and turn the shaft \...I
while again tightening the capscrews and
try effort to rotate again.

E. Shaft Seal Reassembly

1. With the drive shaft up, install the thrust
bearing. MAKESUREthe side of the bear
ing having the greatest ball and retainer
area exposed faces toward the roller bear
ing. Tap lightly on the bearing outer race
with a soft drift and hammer until bottomed
in the adapter cover housing.

2. Install the parts of the seal assembly onto
the shaft in the following order:

a. The steel washer with the shoulder
against the thrust bearing.

b. The drive key so the square head aligns
with the slot in the bronze seal.

c. The spring. ~

d. The bronze seal. Coat the O-ring with
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light grease or oil before installing.
MAKESUREthe slot is aligned with the
drive key.

3. If the seal seat was removed from the re
tainer, reinstall it if the lapped seal sur
face is unmarred. If not, replace with a new
seal. In either instance, coat the seal ring
with light grease or oil, and hand press the
seat into the retainer with the lapped sur
face facing toward the bronze seal. Use
caution when installing, to prevent damage
to the seal ring.

4. Place a seal ring in each of the outer
grooves of the retainer and coat them and
the seal seat lapped surface with light
grease or oil, then install the retainer over
the shaft and press into the adapter cover
until bottomed. Install the six capscrews
and tighten down evenly to 30 ft. Ibs. with
a torque wrench.

NOTE: Be sure to use capscrews of qual
ity originally furnished with Ny/ock insert.

5. Place the smaller outside diameter seal
over the shaft with the lip facing toward the
seal seat. Press the seal into the retainer
until bottomed with a sleeve slightly smaller
in diameter than the outside of the seal.

6. Place the large outside diameter seal over
the shaft with the lip facing up then, press
the seal into the retainer until bottomed
with a sleeve slightly smaller in diameter
than the outside of the seal.

F. Seal Reassembly

1. With the drive shaft up, install the thrust
bearing over the shaft. MAKESUREthe side
having the greatest ball and retainer area
exposed faces toward the roller bearing.
Tap lightly on the outer race with a soft
drift and hammer until bottomed in the
adapter cover housing.

n 2. Install the parts of the seal assembly and
key dowel onto the shaft in the following
order:
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a. Steel washer with the shoulder against
the thrust bearing.

b. The drive key so the square head aligns
with the slot in the bronze seal.

c. The spring.

d. The bronze seal. Coat the O-ring in the
bronze seal with light grease or oil be
fore installing onto the shaft.

NOTE:Make sure that the bronze seal
has two small drilled holes 180 degrees
apart opening into the lapped sealing
surface next to the shaft and that the
slot is aligned with the drive key.

3. If the seal seat was removed from the re
tainer, reinstall it if the lapped sealing sur
face is unmarred. If not, replace with a
new seat. In either instance, coat the seal
ring with light grease or oil, and hand
press the seat into the retainer with the
wide lapped surface facing the bronze
seal. Use caution when installing, to pre
vent damage to the seal ring.

4. Install the seal to the retainer with the side
stamped OUTSIDEfacing up. Press in and
bottom with a sleeve or other tool that is
slightly smaller in diameter than the retain
er to prevent damaging the metal case of
the seal.

Coat the outside surface of the bushing,
and lips of the seal, with light grease or oil
and install the bushing to the seal with the
internal teeth of the bushing up.

5. Coat the O-ring red in color, with light
grease or oil and install over the shaft to
the groove next to the splines. To prevent
damaging the ring when assembling, wrap
the splines with some protective material
and then remove.

6. Align the slot in the bronze seal of assem
bly, with the key dowel, and apply a few
drops of light oil to the lapped face of the
bronze seal.



NOTE: The key dowel can easily be de
formed or sheared off, if it is not in align
ment with the bronze seal slot.

7. Install the retainer assembly with the
a-rings in place and coated with light
grease or oil into the adapter end housing.
Align the capscrew holes of the retainer
with the threaded holes of the end housing
and press the retainer in, being careful not
to damage the a-rings, until capscrews
will engage a few threads. Tighten the cap
screws down evenly and torque to 30 ft.
lbs, with a torque wrench.

NOTE:Be sure to use capscrews of the qual
ity originally furnished with Nylock insert.

Install the snap ring.

G. To Install Hydraulic Pump

1. Place the adapter to transmission gasket
in position on the transmission, and slide the

splined adopter onto the transmission shaft.

2. Align pump drive shaft and splined adopt-
er, and push pump drive shaft into splined V
adapter.

3. Rotate pump to align capscrew holes of
pump adapter and transmission. Install
capscrews with lockwashers and secure to
a torque of 75 Ibs. ft.

4. Attach suction line to pump with a new
gasket adapter and four capscrews with
lockwashers. Place seal ring in end fitting
of pressure line and attach the pressure
line to the pump using the two flange
halves and four capscrews and lockwash
ers. Tighten both the suction and pressure
line capscrews to the pump to a torque of
75 Ibs. ft.

5. Fill the Hydraulic Tank. (Refer to Topic 5
in this Section.)

'--------- Fig. 19 - Lift Cylinder Cross Section ----- ___J

12

1. Wiper Seal
2. Cylinder Head
3. Packing Gland Bearing
4. Cylinder
5. Piston Rod
6. Upper Piston
7. Lower Piston
8. Slotted Hex Nut

16-21

11

9. Cotter Pin
10. Bearing Ring
11. Piston Packing
12. Rod Packing
13. Back-up Ring
14. Seal Ring
15. End Plate
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'------ Fig. 20 - Dump Cylinder Cross Section --'

1. Piston Rod
2. Wiper Seal
3. Lockwire
4. Cylinder
5. Piston (Upper)
6. Piston (Lower)
7. Locknut

6

8. Bearing Ring
9. Piston Packing Set

10. Rod Packing Set
11. Back Ring
12. Seal Ring (O-Ring)
13. Cylinder Head
14. Packing Gland Bearing

10. HYDRAULIC CYLINDERS

A. General

The diameter and the length are the only differ
ences between the two dump cylinders and the
two lift cylinders, as the general make-up of both
is the same. Each cylinder has a honed cylinder
tube with an end casting welded on for the pivot
pin anchorage. A rod assembly including the two
pistons, piston packing set, piston bearing ring,
hex nut, the packing gland end plate with wiper
seal and the cylinder head assembly. The head
assembly includes the rod packing set and the
packing gland bearing. The cylinder head is
threaded and has notches on the outer diameter.
A seal ring is used in the groove of the cylinder
tube to make the threads of the head and the
threads of the cylinder head oil tight. A spanner
wrench is used to tighten or loosen the head. Four
capscrews in the end plate are used to adjust the
cylinder rod packing, end are locked in position
with a lockwire. Four capscrews are used to adjust
the rod packing in the head of the cylinder, and
after adjustment is made, a lockwire is used to lock
the capscrews to maintain the adjustment. The

packing gland end plates (Fig. 21) should be ad
justed so that there is a light film of oil on the pis
ton rods when the unit is in operation.
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B. To Replace Worn Rod Packing Rings

1. Lower the bucket to its normal position (dig
position) on the ground. Remove the lock
wire and the four capscrews attaching the
packing gland end plate to the cylinder
head.

2. Slide the packing gland end plate and
packing gland bearing forward on the pis
ton rod.

3. Remove the four (4) packing rings and wipe
out the packing gland recess. Do not re
move the bottom adapter ring.

4. Insert four (4) new packing rings into posi
tion in the recess of the cylinder head, mak
ing certain that the open end of the "V's"
are toward the rear of the cylinder. CAU
TION: When installing the packing rings,
stagger the gaps so that no two gaps are
adjacent and make certain the edges are
not over lapped or doubled back.

5. Slide the packing gland bearing and the
end plate back on the piston rod and in
stall the attaching capscrews. Tighten the
capscrews evenly and alternately, using
slight pressure on a short wrench; DO NOT
OVER-TIGHTEN!Lock the capscrews with
lockwire.

C. To Replace Worn Piston Packing
Rings

1. Relieve the pressure in the system by mov
ing the control levers back and forth from
the neutral position, with the bucket level
on the ground.

2. Disconnect the hoses at the cylinder. Re
move the cotter pin, lock pin and pivot pin
from each end of the cylinder, and remove
the cylinder from the loader.

3. With a spanner wrench loosen the cylinder
head and pull the piston rod assembly
from the cylinder tube.

4. Remove the locknut, bottom piston, four

(4) packing rings, top and bottom adapter
rings and the bearing rings from the piston.

5. Install a new packing set (having a free
stacking height of 11%2"+ ~2" - 0) in the \...I
lift cylinder or a new packing set (having
a free stacking height of 11%2" + ~2" - 0)
in the dump cylinder. Shim rings are avail-
able to attain these stacking heights if nec-
essary. Refer to Figs. 19 and 20 for direc-
tion and order of assembly of piston pack-
ing rings.

6. Assemble piston, locknut and new bearing
rings and inspect seal ring of cylinder head
to tube, replace if necessary.

7. Slide piston rod assembly into cylinder
tube and turn the cylinder head into place
with a spanner wrench.

8. Install the cylinder in direct reversal of Step
2 above.

9. Connect the hoses disconnected in Step 2
above.

D. Hydraulic Cylinder Piston Rod
Wiper Seals

The wiper seal (Fig. 21), installed in the packing
gland end plate of each hydraulic cylinder, serves
to wipe off dirt and foreign material from the pis
ton rod surface. The wiper seal should be replaced
when there are indications that the seal is not wip
ing the rod surface properly. Replace the wiper
seal as follows:

1. Follow same procedure as in steps 1
through 4 of "To Replace Worn Piston
Packing Rings."

2. Slide the top piston and cylinder head as
sembly off the rod.

3. Remove the lockwire, four (4) capscrews
and packing gland end plate from the cyl
inder head.

4. Press the wiper seal out of the packing
gland end plate.
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5. Coat the 0.0. of the new wiper seal with
white lead. Lubricate the 1.0. of seal with
oil soluble grease. Press the seal into the
packing gland end plate with the lip of the
seal towards the outside of the cylinder.

6. Attach packing gland end plate to the cyl
inder head with the four capscrews. Tighten
the capscrews evenly and alternately using
slight pressure on a short wrench; DO NOT
OVER-TIGHTEN. Lock the capscrews with
lockwire.

E. To Remove the Hydraulic Cylinders

1. If it becomes necessary to replace the bush
ings in a hydraulic cylinder, remove the
hydraulic hoses from the cylinder, after
relieving the pressure in the system.

2. Support the cylinder while removing the
cotter pin, lockpin and pivot pin from each
end of the cylinder.

3. Align the bore of the bushing in an arbor
press and suitably support the boss of
either the casting end or the rod end, and
push both bushings out through the bore.

4. Coat the new bushings with white lead and
press one bushing from each side, flush
with the face of the casting or rod eye.

F. Installation of Hydraulic Cylinders

Install the hydraulic cylinders in direct reversal
of steps 1 and 2 of "E. To Remove the Hydraulic
Cylinders," above.
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SECTION XVII-SEAT FRAME AND OPERATOR'S COMPARTMENT

Topic
Topic Title No.

Operator's Seat . . . . . . . . . . . . . . . . . . . .. 1
Linkage Cover Plates, Left& Right. . . . . .. 2
Side Plates 3
Seat Rear Mounting Plate. . . . . . . . . . . .. 4-
Floor Plates 5
Control Lever and Seat Mounting Plate . .. 6
Operator's Controls . . . . . . . . . . . . . . . . .. 7

Page
No.

1
2
2
2
2
3
3

1. OPERATOR'S SEAT

2. SEATREARMOUNTINGPLATE

o

_.C~-~2":
i · ~ ·---.r--~Ti

~1'-. 0 0 ~b- \ l_~_~
'--'- 0--'1 '" .1T 3. SEAT AND CONTROl leVER

5. SEATLO~KI:~::_ =D~:::JATE MOUNTINGPLATE

1- F;9. J -Seat Assembly Mounted ___.

The tractor is equipped with an adjustable and
removable seat. The seat cushion and back cush
ion are covered with weather resistant material
and can be replaced if necessary. Reasonable
care should be taken to avoid damaging the cush
ions 'Withsharp or heavy objects, unnecessary ex
posure, battery acids, oil, and grease.

Forward and back seat travel is controlled by the
locking lever at the front right hand corner of the
seat frame. Push the lever to the left, move the seat
forward or back and release the lever.

The seat height is adjustable by removing the two
capscrews that hold the seat adapter plate to the
mounting plate, and moving the seat assembly up
or down to the desired height.
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2. LINKAGE COVER PLATES, LEFT AND RIGHT

A. Removal

1. Remove the control lever knobs from the
control levers.

2. Remove the four capscrews and lockwash
ers from each plate and remove the plates.

B. Maintenance and Inspection

Inspect the plates for bending and cracked welds.
Should these conditions exist they must be cor
rected immediately.

C. Installation

Install the plates in a direct reversal of steps 1
and 2 of IIA. Removal," above.

Fig. 2 - Operator's Compartment Side Plates

3. SIDE PLATES

A. Removal

n 1. Remove the seven capscrews, lockwashers,
and two nuts that secure each side plate.

2. Lower each plate enough to clear the cowl
top, pull the plate away from the tractor

and raise it straight up and out of posi
tion.

B. Installation

Install the plates in a direct reversal of steps 1 and
2 of "A. Removal/' above.

4. SEAT REAR MOUNTING PLATE

A. Removal

1. Remove the operator's compartment seat,
side plates and linkage cover plates as de
scribed in Topics 1, 2 and 3 above.

2. Remove the four capscrews, lockwashers
and hex nuts that secure the seat, rear
mounting plate to the stabilizer weld as-

sembly.

3. Tip the plate forward and remove.

B. Installation lEI
Install the seat rear mounting plate in a direct re- I
versal of steps 1 through 3 of /lA. Removal," above.

A. Removal

5. FLOOR PLATES

1. Remove the Operator's compartment side
plates as described in Topic 3 above.

2. Remove the six capscrews, lockwashers and
hex nuts securing the front floor plate and
remove the plate.

3. Disconnect the throttle linkage from the ac
celerator pedal, remove the six capscrews,
lockwashers and nuts securing the rear
floor plate and remove the plate.

B. Installation

Instail the floor plates in a direct reversal of steps 1
through 3 of "A. Removal," above.
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6. CONTROL LEVER AND SEAT, MOUNTING PLATE

A. Removal

1. Raise the boom to its full height. CAUTION:
Suitably support the boom to prevent acci
dental dropping during the following oper
ations.

2. Remove the operator's compartment side
plates, seat assembly, linkage cover plates
and seat rear mounting plate as described
in Topics 2, 3 and 4 above.

3. Remove the linkage from the transmission
control lever, parking brake lever, bucket
control lever and boom control lever.
WARNING: When removing linkage from
boom control lever and bucket control
lever do not move either valve spool from
its neutral (hold) setting.

4. Remove the capscrews, lockwashers, and
hex nuts that secure the lever assemblies to
the mounting plate and remove the assem
blies.

5. Disconnect the accelerator linkage between
the accelerator pedal and the bell crank
and remove the linkage. Remove the ac
celerator return spring, limit rod, and hinge
pin and remove the accelerator pedal.

6. Remove the capscrews, flat washers, lock
washers and hex nuts that secure the front
and rear floor plates and remove the floor
plates. Remove the four capscrews, lock
washers, and hex nuts that secure the left
and right floor support angles and remove
the angles.

7. Disconnect the transmission control linkage
from the lower lever assembly. Remove the
six capscrews, flatwashers, lockwashers and
hex nuts that secure the lower lever as
sembly to the mounting plate and remove

the lever assembly.

8. Disconnect the two lines from the clutch V
cut-off check valve. Remove the four cap
screws, flatwashers, lockwashers and hex
nuts that secure the air tanks front mount-
ing bracket to the mounting plate.

9. Disconnect the five air lines from the brake
application valve. Disconnect the two wires
from the stop light switch. Remove the
spring and limit rod from the brake pedal
assembly.

10. Remove the four capscrews, lockwashers
and hex nuts that secure the pedal and valve
mounting bracket to the mounting plate
provided on the frame cross member and
remove the pedal and valve assembly as a
unit.

11. Remove the four remaining capscrews, flat
washers, lockwashers and hex nuts that se-
cure the seat and lever mounting plate to " "
the loader main frame. Pull the mounting "-'
plate forward until its rear edge clears the
stabilizer. The mounting plate can then be
removed from the loader through either
side opening.

B. Maintenance and Inspection

Check the mounting plate for misalignment, bend
ing or cracked welds. If any of these conditions
exist, they must be corrected immediately.

c. Installation

Install the mounting plate in direct reversal of
steps 1 through 11 of "A. Removal," above.

CAUTION: After installing check and ad
just linkage before operating tractor.

7. OPERATOR'S CONTROLS

A. General

The operator's controls for the transmission, the

loader boom and bucket, the rear axle disconnect, V
the parking brake and the clutch cut-off are mount-
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1. BOOM LEVER
2. BUCKET LEVER
3. AXLE DISCONNECT LEVER

4. HAND BRAKE LEVER

6. LOWER LEVER
ASSEMBLY

Fig. 3- Control Lever and Seat Mounting
Plate with Controls Attached

ed on the seat mounting plate. With the exception
of the clutch cut-off check valve, they are of the
lever and linkage type. A lower lever assembly
is attached to the underside of the seat mounting
plate and conveys the movement of the transmis
sion selector lever on the left side of the operator's
compartment to the range and directional valve
spools on the right side of the transmission. The
lower lever assembly also serves as a pivot point
for the rear axle disconnect lever. These levers are
all bearing mounted and require a minimum of
service. However, at any time that the side panels
are removed from the operator's compartment, lu
bricate the bearing on either end of the lower
lever assembly and the transmission selector lever
bearing with one or two shots of pressure gun lu
bricant.

If it is deemed necessary to lubricate the loader
control levers or the rear axle disconnect lever,
they must be disassembled and hand packed with
pressure gun lubricant.

B. Transmission Control Lever Assembly

1. Removal

a. Remove the linkage cover plates. (Refer to
Topic 2 in this Section.)
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1. TRANSMISSION CONTROL LEVER

3. DIRECTIONAL SPOOL CONNECTION

Fig. 4 - Rear of Mounting Plate Showing
Lower Lever Assembly

b. Remove the operator's compartment side
plates. (Refer to Topic 3 in this Section.)

c. Disconnect the directional and range rods
from the lower lever assembly by removing
the hex nuts and lockwashers and pushing
the ball stud from the lever assembly,
Fig. 5.

1. CONTROl LEVER

4. ROD END BEARI

3. RANGE ROD

Fig. 5 - Transmission Control Lever Assembly

2. Disassembly

a. Remove the range and directional rods by
removing the cotter pin from the ball joint



assembly and backing off the ball adjusting
screw until the ball clears the ball joint
housing.

b. loosen and remove the ball stud and lock
washer from the attaching pin.

2M:~
.'\~~... 3. LEVER

~" '\ ATTACHING PIN

4. ROD END BEARING

Fig. 6 - Transmission Lever Disassembled

c. Remove the hex nut and lockwasher from
the lever attaching pin and remove the pin
from the assembly.

3. Inspection of Parts

Rotate the rod end bearing in the fingers and check
for roughness or drag. Check the lever and the at
taching pin for cracks. Check the ball on the ball
stud for scratches or galling. Replace all necessary
parts.

4. Assembly

Assemble the transmission control lever in a direct
reversal of the steps in Par. 2. "Disassembly."

C. Loader Control Levers

1. Removal

a. Remove the right hand linkage cover plate.
(Refer to Topic 2 in this Section.)

b. Remove the right hand operator's com
partment plate. (Refer to Topic 3 in this
Section.)

c. Disconnect the rods from the boom and
bucket lever.

d. Drive the roll pin (Fig. 7) from the mounting
shaft and remove the shaft, two levers and V
the flat washer spacer.

5. ROLLPIN

6. MOUNTING BRACKET

Fig. 7- Loader Control Levers Disassembled

2. Inspection of Parts

Check the bearings for roughness and the mount
ing shaft for scoring and roughness. Replace all
necessary parts. The bearings must be pressed in
and out of the control levers. When pressing a
bearing in, the lettering on the bearing must be
towards the outside (Fig. 7) of the lever boss. Be
sure that the seals are installed with the lips to the
outside.

3. Installation

Install the loader controls in a direct reversal of
the steps in "1. Removal" and referring to Fig. 7
for correct placement of the levers in the mount
ing bracket.

D. Lower Control Lever Assembly and
Rear Axle Disconnect Lever

1. Removal

a. Remove the linkage cover plates (Refer to
Topic 2 in this Section).

b. Remove the operator's compartment side
plates. (Refer to Topic 3 in this Section).

17-5



c. Remove the four transmission rods from the
lower lever assembly.

d. Remove the six capscrews, lockwashers and
hex nuts that secure the lever assembly to
the seat mounting plate. Remove the as
sembly.

2. Disassembly

a. Loosen the Allen head set screws that se
cure the shaft end bearings to the shaft.
(Fig. 8).

b. Slide the bearings and the mounting brack
ets off of the shaft. If bearing replacement
is necessary the bearing may now be re
moved from the mounting bracket by re
moving the three capscrews, lockwashers
and hex nuts from each bearing assembly.

c. Slide the rear axle disconnect lever, the
spacer and the large flat washer off of the

Fig. 8 - Loosening Shaft End Searings
from Shaft

shaft.

d. Loosen the capscrew clamps in the direc
tional levers and slide the levers off of the
shaft. Remove the two Woodruff keys. Re
move the two flat washers.

16 17 18
r~16

17 3

'--------------- Fig. 9 - Lower Control Lever Assembly - -------- ---J
Disassembled

1. Capscrews, Lockwashers and Hex Nuts (End
Bearing to Mounting Bracket)

2. End Bearing
3. Mounting Bracket
4. Left Hand Lower Control Lever (Directional)
5. Capscrew and Lockwasher (L.H. Lower Control

Arm)
6. Flat Washer
7. Woodruff Key
8. Shaft
9. Right Hand Lower Control Lever (Directional)

10. Capscrew, Lockwasher and Hex Nut (R.H. Lower
Control Lever)

11. Seal (Installed Lip Out)
12. Bearing (Installed Lettered Side Out)
13. Rear Axle Disconnect Control Lever
14. Spacer
15. Large Flat Washer
16. Seal (Installed Lip Out)
17. Bearing (Installed Lettered Side Out)
18. Lower Control Lever (Range)
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e. Slide the range lever assembly off of the
shaft.

3. Inspection of Parts

Inspect all of the parts for cracks, bends or worn
areas. If the needle bearing in the disconnect lever
or the range-lower control lever are replaced the
new bearings must be pressed in with the lettered
end out. The seal must be pressed in with the lip
out.

4. Assembly

Assemble the lower control lever assembly in a
direct reversal of the steps in "2. Disassembly"
above. Check the foltowing during the assembly
procedure:

a. Do not reverse the positioning of the left
and right directional levers on the shaft.
(Refer to Fig. 8 and 9.)

b. Install the rear axle disconnect lever with
the large end of the boss toward the cen
ter of the assembly. (Refer to Fig. 8.)

c. Adjust the thrust on the shaft end bearings
so that all levers move freely on the shaft
but no lateral movement is apparent on
the shaft.

d. Hand pack all needle bearings before as
sembly with pressure gun lubricant.

5. Installation

Install the lower control lever assembly in a direct
reversal of the steps in "1. Removal." When the
assembly is in place and before the side plates
are installed, apply one or two shots of pressure

gun lubricant to the shaft end bearings. CAUTION:
When the installation is complete, the transmission
linkage must be ad;usted before the unit is put
back in service. Refer to Section 70 for corred pro- , .
cedure. '-'

E. Ball Joint Linkage Rods

The linkage rods with ball joint ends are all of
identical construction. The ball and seats may be
inspected by removing the cotter pin and backing
the threaded seat out of the socket. Pull the socket
clear of the ball and allow the smooth seat to drop
from the socket. If replacement is deemed neces
sary, the whole unit must be replaced. If the unit
is to be reused be sure the smooth seat is assembled
with the small concave end facing the ball. Ball
joint lubricant consists of one or two drops of
motor oil.

Fig. ro - Linkage Rod and 8011 Joint __ -'

F. Parking Brake Lever

Refer to Section XII "Brakes."

G. Clutch Cut-OffCheck Valve

Refer to Section XII "Brakes."
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SECTION XVIII- LOADER LINKAGE

Topic Title
Description .
Boom .
Cross Links .
Dump Links .
Bucket .

Topic
No.
1
2
3
4
5

Page
No.
1
2
2
3
3

1. DESCRIPTION

The major components of the linkage group are:
boom, cross links, dump links, bucket, and the pivot
pins necessary to attach these components. The lift
cylinders operate the front end of the boom, to
raise and lower the bucket, and the dump cylinders
dump and retract the buckets, by actuating the
cross links to which the dump links are attached.
Proper lubrication at the correct intervals is im
perative to troublefree linkage operation.

inders; cradling the bucket through the carrying
position; and stopping and cleaning the bucket at
the full dump position. The rear of the boom is
connected to the side plates of the frame, just be
hind the operator's compartment, and to the bot
tom mounting holes of the bucket, at the front
end. Replaceable bushings are pressed into all the
bores of the boom except the lift cylinder bores.

B. Cross Links
A. Boom

The boom is a one piece steel weldment with a
formed steel plate on each side and a formed steel
tubular cross-brace welded to the outside plates
of the boom to provide for; connecting the lift cyl-

The four cross links are formed steel plates with
welded bosses provided to insert the pins for; at
taching the cross links to the side plates of the
boom; attaching the dump cylinders, and attach
ing the dump links.

1. BUCKET

\/~~

3. CROSS LINK

4. DUMP CYLINDER

L -------_~-i~
1
"", <,

9. CUTTING
EDGE

7. PIVOT PIN 5. LIFT CYLINDER

,j8. LOCK PIN

1-- Fig. J - Loader Linkage -------- --1
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c. Dump Links

The dump links are steel plates with bosses welded
to each end to provide for attaching the dump
links to the bucket and to the cross links. The cross
link end and the bucket end bores of the dump
links each contain replaceable bushings.

D. Bucket

The bucket is a steel weldment consisting of: spill
guard, back sheet, side plates, side reinforcing
plates, angles, lugs, double bottom plates and ribs. V
The cutting edge is a one-piece wrap-around type
riveted to the bottom plate and side plates of the
bucket.

2. BOOM

A. Maintenance and Inspection

The boom should be checked periodically for
cracked welds, bending and misalignment. Any
of these conditions should be corrected imme
diately.

B. Repair

If the boom becomes cracked or broken due to
unusually rough work, it may be practical to
weld and reinforce it with suitable steel plates. Be
fore welding the boom, it should be aligned and
straightened if necessary. If it is not practical or
desirable to straighten or weld the boom, it must
be replaced.

C. Removal

1. Raise the bucket and dump it so that the
cutting edge rests on the ground, and place
approximately a 12" block under the spill
guard.

2. Remove the cotter pin, lock pin, and pivot
pin from each of the boom to bucket, and
dump link to bucket locations.

3. Remove the hex jam nuts, washer and pivot
pin from the dump link to cross link con-

nections, noting the location and quantity
of shims at each connection.

4. Support each dump cylinder and remove
the hex jam nut, washer, and pivot pin from
each dump cylinder to cross link and cross
link to boom connection, noting the loca
tion and quantity of shims at each point.
Remove the cross links.

5. Support each lift cylinder and remove the
cotter pin, lock pin, and pivot pin from
each lift cylinder to boom connection.

6. Support the boom and remove the cotter
pin, lock pin and pivot pin from each side , J

of the boom to frame connection, and re- '-'"
move the boom.

D. Bushings

If the bushings are to be replaced, press the bush
ings out, coat the 0.0. of the new bushings with
white lead and press them into their respective
bores of the boom.

E. Installation

Install the boom in direct reversal of "C. Rernovol"
above, and install shims as noted.

3. CROSS LINKS

A. Maintenance

The cross links should be checked periodically for
cracked welds, bending and misalignment. Any of
these conditions should be corrected immediately.

If the pivot pin bores are worn or the cross links
are damaged, they should be replaced.
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B. Removal

Removal of the cross links may be accomplished
by following Steps 3 and 4 of 112. Boom" in this
Section.

c. Installation

To install the cross links, directly reverse steps in
"B, Remove]," above, and install shims as noted.

4. DUMP LINKS

A. Maintenance and Inspection

The dump links should be checked periodically for
cracked welds, bending, misalignment and loose
or worn bushings. Any of these conditions should
be corrected immediately. Before welding the
dump links, they should be aligned and straight
ened, if necessary.

B. Removal

1. With the bucket cutting edge flat on the
ground, remove the cotter pin, lock pin,
and pivot pin from the bucket end of the
dump link.

2. Remove the hex nut, washer and pivot pin

from the cross link end of the dump link,
noting the location and quantity of shims.

3. Remove the dump link.

C. Bushings

If the bushings become worn or damaged, they
should be replaced. Press the bushing out of the
dump link; coat the 0.0. of the new bushings with
white lead; press the bushings into their respective
bores of the dump link.

D. Installation

To install the dump links directly reverse the steps
in "B. Removal" above, and install shims as noted.

5. BUCKET

A. Maintenance and Inspection

The bucket should be checked periodically for
cracked welds, bending, misalignment and broken
rivets in the cutting edge. Any of these conditions
should be corrected immediately.

B. Repair

If the bucket becomes cracked or broken due to
rough work it may be practical to weld and rein
force it with suitable steel plates. Before welding
the bucket it should be aligned and straightened,
if necessary. If it is not practical or desirable to
straighten or weld the bucket, it must be replaced.

If the rivets in the cutting edge become loose or
broken, they must be replaced, as a loose cutting
edge may cause considerable damage to the
bucket.
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To remove the cutting edge, melt the rivets out of
their holes, making certain not to cut into the
bucket bottom plate or end plate.

Locate and align the new cutting edge on the
bucket.

Install hot rivets and flatten the rivets to flll the
counterbore of the bottom plate holes. Be certain
that the rivets are flattened flush with the top sur
face of the bottom plate.

c. Removal

To remove the bucket, follow steps 1 and 2 of "c.
Boom Removal," in this Section.

D. Installation

Install bucket in direct reversal of steps in "e. Re
moval."



SECTION XIX - LADDER AND GUARD GROUP

Topic Title

Description .
Ladder .
Step '" " "
Guards .

Topic Page
No. No. V
1 ]
2 1
3 1
4 2

1. DESCRIPTION

The ladder and step are provided to assist the op
erator in entering or leaving the operator's com-
partment. The guards are provided to protect the
operator when the unit is in operation. The ladder
is a formed steel rod. weldment bolted to the left
hand side of the main frame. The step is bolted to
the boom and positioned so that when the boom
is down (bucket near the ground) the step is hori
zontal to the ground. The guards are formed rod
weld assemblies bolted to the inside of each boom
arm.

A. Removal

2. LADDER

'"'- F;g. r - Ladder and Guards ....

1. Remove the two capscrews, lockwashers
and hex nuts securing the lower end of the
ladder to frame.

2. Remove the two capscrews and lockwash-

3. STEP

A. Removal

1. Remove the three capscrews, lockwashers
and hex nuts from the step to boom.

2. Remove the step.
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ers securing the top end of the ladder to
frame, and remove the ladder.

B. Installation

Install the ladder in direct reversal of itA. Re
movol," above.

B. Installation

Install the step in direct reversal of itA. Removal",
above.



•

•

4. GUARDS

A. Removal

1. Remove the copscrews, lockwashers, flat
washers and hex nuts that secure the guard
to the boom.

2. Remove the guard .
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B. Installation

Install the guard in direct reversal of "A. Removal,"
above.



SECTION XX - SPECIAL EQUIPMENT

Topic Title
Topic
No.

Page
No.

General " . .. . . . . . . . . . .. 1
Lift Fork " 2
Crane Hook " 3
Lift Tongs . . . . . . . . . . . . . . . . . . . . . . . . .. 4
Dozer Blade 5
Winch 6
Bucket Teeth ....................... 7

1. GENERAL

The special equipment mentioned in this section
may be purchased separately for field installa
tion or, with the exception of the winch, the trac
tor loader may be ordered with the equipment fac-

tory installed. For a more complete list and addi
tional information concerning special equipment,
contact your "Allis-Chalmers" Construction Ma
chinery Dealer.

2. LIFT FORK

The lift fork, is constructed for lifting and carrying
almost any material not in loose form. The lift forks

are adjustable horizontally on their mounting and
installation is identical to bucket installation.

3. CRANE HOOK

The crane hook is designed for lifting and carrying
bundles or objects that can be moved with slings

or wire ropes. Installation is identical to bucket in- V
stallation.

4. LIFT TONGS

The lift tongs are manufactured primarily for the
lumber industry to be used in transporting and

stockpiling logs. A third hydraulc control is added
to control the clamping action of the upper tongs.

5. DOZER BLADE

The dozer blade, mounted in place of the bucket,
is well suited for back-filling, digging, pushing,
dumping and spreading. It is used primarily for

short haul excavation. Its installation is identical
to the bucket installation.

6. WINCH

The hydraulically operated winch is mounted on
the rear of the loader with its controls conveniently
mounted in the operator's compartment. A free

spooling clutch enables the line to be payed out
from the ground.

7. BUCKET TEETH

Bucket teeth with replaceable tips can be installed
on the cutting edge of the bucket to increase the

digging ability of the loader in heavily compacted t ..
material. "-"
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SECTION XXI- GENERAL MAINTENANCE INSTRUCTIONS

n Topic Title
Topic
No.

Bearings and Bushings. . . . . . . . . . . . . . .. 1
Shafts and Splines 2
Shifting Forks 3
Oil Seals.. . . .. 4
Gaskets 5
Gears 6
Hoses , .. . . . .. . . .. . . . . . . . . . .. 7
Wiring............................ 8
Batteries 9
Radiator 10
Filters 11
Piping 12
Fasteners 13
Adjusting Shims . . . . . . . . . . . . . . . . . . . .. 14
Magnet 15
Screens 16
Miscellaneous 17

1. BEARINGS AND BUSHINGS

" A. Ball Bearings

Clean and inspect all ball bearings to see that they
roll freely and are free from cracked, pitted, or
worn balls and races.

Badly worn bearings can be detected by the
presence of excessive end play between the outer
and inner races. This condition can be detected
by holding one race steady and moving the other
race endwise, comparing the difference in move
ment of the races of the used bearing and a new
bearing.

Check the outer and inner races for indications of
bearing creepage. This can be detected by marks
on the bearing races or on the bearing area or
the bore or shaft where the bearing has been used.

Always lubricate a bearing at assembly with clean
lubricant.

B. Tapered Roller Bearings

1. Thoroughly clean and inspect the bearings
for worn and pitted rollers and races.

Page
No.

1
2
3
3
3
3
4
4
4
4
4
5
5
5
5
5
5

2. Inspect the outside of the bearing cup (out
er race) and the inside of the cone (inner
race) for marks which indicate creepage.

3. Always set up a tapered roller bearing in
accordance with the specifications. IMPOR
TANT:DO NOT EXPERIMENT.A properly
set up tapered roller bearing will give satis
factory service for a very long time, while a
bearing pre-loaded too much or set up too
loose may fail in a comparatively short
time.

4. Lubricate the bearings at assembly with
clean lubricant.

c. Needle Bearings

Needle bearings are used primarily in place ofm
bushings where an oscillating motion is present. ftI
They are seldom used on a revolving part. IiiI

1. Thoroughly clean and inspect the rollers for
wear or damage.

2. Inspect the needle retaining cage for dents
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which may interfere with the free rolling of
the needles.

3. Be sure that the needles or rollers are not
"cocked" in the cage and rotate each nee
dle individually to be sure that it will turn.

4. Lubricate or pack the bearings at assembly
with clean lubricant.

D. General

1. Do not use a bearing which is in bad con
dition.

2. Keep all bearings spotlessly clean and well
lubricated to prevent rusting. When install
ing new bearings, do not remove the
bearings from package until ready for
assembling.

3. Use a press and a suitable sleeve or driver
when installing bearings. If these are not
available, a cold rolled soft steel rod and
hammer may be used to drive the bearings
into position.

Bearing inner races may be heated to ex
pand the bore, thus facilitating the installa
tion of the bearing on a shaft. One method
of transferring heat to bearings is through
the use of hot oil. The bearings should
never be placed directly on the bottom of
a tank or container, but should be sus
pended in the oil on hooks or laid on a
screen so that they may be heated uniform-

Iy. A light or medium grade of clean lubri
cating oil should be used and the tempera
ture must never exceed 3000 F.

4. When installing a bearing on a shaft, drive
or press on the inner race; when installing
it in a bore, drive or press on the outer
race.

5. Be careful not to strike the shield, snap
ring, or balls when using a rod and ham
mer to install the bearings.

6. When using a sliding hammer type puller
to remove or install an assembly containing
tapered roller bearings, be sure that the
pull is evenly distributed on the bearing.
Do not allow the cup and the cone of the
bearings to become separated, as each
blow of the sliding hammer, with the cup
and the cone separated, would cause the
cup and the cone to be rammed together
and damage to the bearing would result.

E. Bushings

1. Do not remove the bushings for inspection
unless the bushings are loose in their bores
or are excessively worn, then they must be
removed and replaced.

2. Use a press and a suitable sleeve or driver
to install the bushings. Ream the bushings
to the specified dimensions when reaming
is required.

2. SHAFTS AND SPLINES

A. Shafts

Inspect all shafts for worn areas and make certain
they are not twisted or bent. Check the bearing
journals and make certain they are smooth, round,
and are of the specified diameter, to assure the
proper fit of the bearing or bushing.

B. Splines

1. Inspect the splines of all shafts for rough
ness, burrs, and wear. Removeall burrs and
roughness from the splines with a stone or

mill file.

2. Be sure the splines of all shafts are smooth
and try all the gears on their respective
shafts to be sure that they slide freely on
the splines.

C. Detents

Inspect the detent notches in the transmission and V
hydraulic control valve spools. Make certain the
detent balls have been entering the detent notches.
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3. SHIFTING FORKS

" Check the spools for binding and make certain the
spools are not bent as indicated by uneven wear.

Observe the side faces of the spools for wear and
roughness.

4. OIL SEALS

A. Lip Type

1. When any work has been done which in
volves the removal of a shaft from an oil
seal, or the removal of an oil seal from its
bore, the sealing lip of the seal must be
carefully examined.

2. The sealing lip must not be scratched,
folded over, tern, or charred from heat.
The lip must be flexible and the spring, lo
cated inside the lip, must have the proper
tension to return the lip to its proper posi
tion when the lip is pressed in by hand.

"
3. Be sure that the surface of the shaft con

tacted by the lip of the oil seal is smooth
and free from tool marks or burrs.

4. When installing an oil seal on a shaft, or a
shaft through an oil seal, be sure to protect
the sealing lip from damage which might
be caused from a keyway, splines, threads,
or a hole through the shaft. A small scratch
or cut, or a fold in the lip of the seal, will
render the seal useless.

Use an oil seal installing bushing, or a thin
sheet of stiff paper wrapped around the
sharp portion of the shaft, then slide the
seal over the bushing or paper.

5. Use an oil seal installing tool or a press
when installing seals into their bores, to
prevent damage to the outer case of the
seals. If the proper installing tools are not
available, a smooth piece of metal or a
block of wood can be placed flat against
the face of the seal and the seal can be
driven into position with a hammer.

6. When a new oil seal is to be installed, al
ways lubricate the sealing lip before in
stalling.

B. Positive Type

The sealing surfaces of the seal rings (positive
type) must be smooth and flat. Scratches on the
surface, no matter how slight, may be conducive
to leakage of lubricant. If replacement of a seal
ring is necessary, its mating ring must also be re
placed. When assembling, make certain that the
sealing surfaces are clean and lubricate the sealing
surfaces with clean engine oil.

s. GASKETS

1. When a gasket is removed from the loader,
clean the gasket and inspect it for damage.
If it is in good condition, and is to be used
again, immerse it in a container of oil and

keep it in the container until it is needed.

2. Do not use a gasket which is torn, hard
ened, or shrunken out of shape.

6. GEARS

1. Thoroughly clean and inspect all gears for
worn, pitted, chipped, or cracked teeth.

2. Check the internal splines for galling,

roughness, and wear.

3. Make certain that the teeth of the trans
mission gears are in good condition.
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7. HOSES

Inspect all water and air hoses, fuel lines, hydrau
lic hoses, and lubricating oil lines for leaks and

signs of collapsing and deterioration of the rubber
on the inside of the hoses. Replace if necessary.

8. WIRING

1. Do not allow the insulation of the cables to
become soaked with fuel or lubricating oil.

2. Wrap all frayed spots of the insulation with
tape.

3. Keep all terminals and connections clean
and tight.

4. When replacing or repomnq electrical
cables, make certain that the proper gauge
cable(s) are used.

9. BATTERIES

1. Keep the batteries clean and maintain the
level of the electrolyte solution above the
battery plates as indicated on the cap, by
the addition of clean distilled water.

2. Be sure that the battery hold-down assem
blies are tight so that the batteries do not
shift around in their compartment.

3. Periodically, clean the battery terminals
and apply a light coating of petroleum jelly
to the terminals.

4. Periodically check the specific gravity of
the batteries with a hydrometer (refer to
"Electrical System," Section VI).

10. RADIATOR

1. Keep the radiator filled to the proper level
with clean coolant. Only clean water free
from lime or other minerals should be used.
A permanent type (ethylene glycol) anti
freeze solution should be used in freezing
weather.

2. Remove all leaves and other debris from
the air passages of the radiator. IMPOR-

11. FILTERS

1. Fuel filter elements should be changed
after every 500 hours of operation (more
often if conditions warrant) or when the
filter elements become clogged. Engine oil
filter elements should be changed each
time the oil in the crankcase is changed.

2. Hydraulic oil filter elements in hydraulic
tank should be changed after every 100
hours of operation (more often if conditions
warrant). Refer to "Hydraulic System,"
Section XVI.

21-4

TANT: DO NOT PAINT THE RADIATOR
CORE.

3. Keep the radiator and the radiator shell
mounting bolts properly tightened.

4. Keep the fan and water pump drive belts
properly adjusted and make certain the
belts are in good condition.

3. Transmission filter element and screen
should be replaced and cleaned respec
tively after every 1000 hours of operation
(refer to "Torque Converter and Transmis
sion," Section X).

4. When installing new filter elements be sure
that all gaskets are in place and are in
good condition.

5. Check all filter connections for leaks after
an element has been replaced.
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12. PIPING

1. Tighten fittings only tight enough to pre
vent leakage. If the fittings are drawn up
too tight they will be damaged and must
be replaced.

2. Always be sure that the tubing flares and
nuts are clean before tightening.

13. FASTENERS

1. Keep all nuts, bolts, hose clamps, etc.,
tight at all times. A periodic check of these
parts does not take long and may prevent
the occurrence of a major failure.

2. Replace any broken or missing capscrews,
nuts, or lockwashers.

14. ADJUSTING SHIMS

Shims should be flat and the surfaces clean and
free from foreign substances or corrosion. When
removing or adding shims, check the thickness of

each shim with a micrometer to obtain accurate
adjustment.

15. MAGNET

Hydraulic system magnet should be cleaned daily
for the first 4 or 5 days of operation. Thereafter,

clean magnet every 100 hours of operation (refer
to "Hydraulic System," Section XVI).

16. SCREENS

1. Suction line screen in hydraulic tank shouid
be cleaned daily for the first 4 or 5 days of
operation. Thereafter, clean screen after
every 100 hours of operation (refer to "Hy
draulic System," Section XVI).

2. Clean or replace the transmission oil screen
every 1000 hours (refer to "Torqmatic
Transmission," Section X).

2. Make all adjustments as specified in this
manual.

17. MISCELLANEOUS

1. Keep the outside of the engine free from
deposits of oily dust, which acts as an in
sulation material and prevents cooling by
radiation. 3. Use only genuine "Allis-Chalmers" parts for

replacement.
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SECTION XXII- FITS AND TOLERANCES

Topic Title Topic
No.

Page
No.

General. . . . . . .. . . . . . . . . . . .. . . . . . .. 1
Turbocharger . . . . . . . . . . . . . . . . . . . . . .. 2
Engine 3

1
1
2

Transmission 4 9
Axles 5 11
Air Compressor 6 14
Power Steering Pump 7 15
Hydraulic System Pump 8 16

1. GENERAL

This section has been prepared to provide those
responsible for the maintenance of the tractor with
the proper fits and tolerance information for the
various assemblies.

amount of wear permissible before the parts must
be replaced.

The information herein deals with the fits and tol
erances of parts when they are new and the

When making repairs to the tractor, refer to this
section for the proper fits and tolerances informa
tion.

2. TURBOCHARGER

Description
Size of

New Parts

A. Turbine Wheel

1. Radial movement not to exceed .023"

B. Turbine Wheel Shaft

1. End play .
2. Shaft diameter .

.004" min. & .008" max.

.6861 min.

C. Compressor Wheel

1. Radial movement not to exceed .023"
2. Back clearance .020" - .022"

D. Bearing

1. Bearing limits 0.0 .. 871" min.
1.0.. 6883" max.

E. Thrust Collar

1. Thrust flange thickness .
2. Distance from bottom face of thrust collar to back of flinger .

.099" min.

.450" - .453"
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Description

F. Thrust Washers

1. Flat thrust washer thickness .

2. Flange thrust washer overall thickness .
3. Flanged thrust washer pocket depth .

G. Bearing Housing

1. Piston ring bore . . . .. '" .. "

H. Compressor Housing

1. Piston ring seal bore

3. ENGINE

A. Cylinder Sleeve

1. Type .
2. Inside diameter .
3. Diameter of sleeve at machined area just below flange ..
4. Diameter of cylinder sleeve at packing ring location .
5. Sleeve flange outside diameter .
6. Cylinder block-to-sleeve clearance at sleeve lower

diameter .
7. Cylinder block-to-sleeve clearance at machined

area just below flange .
8. Cylinder block-to-sleeve clearance at sleeve flange .
9. Clearance of piston skirt with sleeve .

10. Fire wall height above cylinder sleeve flange .
11. Top surface of cylinder sleeve flange above

cylinder block with sleeve installed .
12. Flange height adjusting shims available .

13. Allowable taper .
14. Allowable out of round (when installed) .

n

B. Cylinder Block

1. Counterbore diameter in cylinder block for
cylinder sleeve flange .

2. Depth of counterbore for cylinder sleeve flange .
3. Bore in cylinder block for cylinder sleeve - top .
4. Bore in cylinder block for cylinder sleeve - bottom .
5. Bore in cylinder block for camshaft bearings .
6. Bearing bore in cylinder block for main bearings

(without bearing, cap in place, and nuts tightened
to specified torque) .
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Size of
New Parts

.092" min.
(may not vary more than .002")
.195" to .205"
.106" max.

.877" max .

.720" max.

Replaceable Wet
4.4370" - 4.438S'
5.030" - 5.032"
4.967" - 4.969"
5.249" - 5.253"

.001" - .005"

.0005" - .0045"
.003" - .012"

.0070" - .0095"
.042" - .045"

.0065" - .0095"
.005", .008", .010"
.015" and .020"

.0015"
.001"

5.256" - 5.261"
.3125" - .3135"

5.0325" - 5.0345"
4.970" - 4.972"

2.4975" - 2.4985"

3.8118" - 3.8125"



Description

C. Piston

NOTE: Combustion chamber is in piston
1. Combustion chamber I.D .
2. Combustion chamber depth .
3. Material .
4. Length .
5. Diameter between top and second ring groove .
6. Diameter at bottom of skirt measured at right

angle to piston pin .
7. Bore for piston pin .
8. Measurement from center of piston pin bore-to-top

of piston .
9. Clearance of piston skirt with sleeve .

D. Piston Pin

1. Type .
2. Piston pin length .
3. Diameter of pin .
4. Fit of pin in piston at room temperature .
5. Inside diameter of connecting rod bushing .
6. Piston pin-to-connecting rod bushing clearance .

E. Piston Rings

1. Number of rings on each piston .
2. Location of rings .

3. Gap between ends - fitted -
4.437/1/4.4385/1 bore sleeves

1 - Top '" '" . '" .
2 - 2nd & 3rd .
1 - 4th (3 piece) .

4. Clearance of rings in grooves:
Top compression ring (chromium plated) .
2nd and 3rd (compression rings) .
4th (oil control ring) .

5. Only standard size rings are available

F. Crankshaft

1. Journal diameter for connecting rods .
2. Journal diameter for main bearings .
3. Width between connecting rod journal cheeks .
4. Width of main bearing journals:

a. Front bearing .
b. Intermediate bearings .
c. Center bearing .
d. Rear bearing .
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Size of
New Parts

2.258/1 - 2.262/1
1.183/1 - 1.187/1

Aluminum Alloy
5.993/1 - 5.997/1
4.406/1 - 4.410/1

4.429/1 - 4.430/1
1.6264/1 - 1.6266/1

3.609/1 - 3.613/1
.0070/1 - .0095/1

Full floating
3.789/1 - 3.804/1

1.6265/1 - 1.6267/1
.0001/1 - .0003/1 tight

1.6277/1 - 1.6282"
.001" - .0017"

4
3 compression and
1 oil control; all
above piston pin

.023/1 min. - .038" max.

.013/1 min. - .026/1 max.

.013/1 min. - .058/1 max.

.004/1 - .0055/1
.0030/1 - .0045/1
.003/1 - .009/1

2.7715/1 - 2.7725/1
3.498/1 - 3.499"
1.750" - 1.754/1

2.250/1 - 2.255/1
1.623" - 1.627/1
2.688/1 - 2.692/1
2.229/1 - 2.239/1



.006/1 - .014/1
Available in standard
size and .005/1, .010/1,
0.15/1 oversize

7. Crankshaft journals may be ground " .010/1, .020/1, .030/1,
or .040/1 undersize

8. Fit of crankshaft gear on crankshaft . . . . . . . . . . . . . . . . . .0005/1 - .0025/1 tight

Description

n 5. Crankshaft end clearance .
6. Separate type thrust flanges .

G.' Main Bearings

1. Number used .
2. Type .
3. Inside diameter of front, intermediate, center and rear

bearing (with nuts tightened to specified torque) .
4. Diameter of crankshaft main bearing journals .
5. Bearing-to-journal clearance at front, intermediate, cen

ter and rear bearings (with nuts tightened to specified
torque) .

6. Overall length of main bearings:
Front and intermediate .
Center .
Rear

Size of
New Parts

Install New Parts
When Clearance

Exceeds

.022/1

7
Replaceable precision

3.501/1 - 3.5027/1
3.498/1 - 3.499/1

.002/1 - .0047/1 .009/1

1 .348/1 - 1.358"
2.244" - 2.254"
1.991/1 - 2.001"

Undersize bearings available for service. . . . . . . . . . . . . . .010/1, .020/1, .030/1
and.040/l

Separate type thrust flanges . . . . . . . . . . . . . . . . . . . . . .. Available in standard
size and .005", .010/1,
.015" oversize

7.

n 8.

9.

10.

11.

Front, intermediate, center and rear bearing wall thick-
ness (standard bearing) .

Bearing bore in cylinder block (without bearing, cap in
place, and nuts tightened to specified torque) .

Torque for tightening main bearing cap nuts:
%" N.F .
34" N.F .

H. Connecting Rod Bearings

1. Type .
2. Inside diameter of bearing (with nuts tightened to

specified torque) .
3. Diameter of crankshaft connecting rod journals .
4. Connecting rod bearing-to-journal clearance (with nuts

tightened to specified torque) .
5. Overall length of connecting rod bearings .
6. Undersize bearings available for service .

7. Bearing wall thickness (standard bearing) .

I. Connecting Rods

1. Type

22-4

.1549/1 - .1554" .153/1

3.8118/1 - 3.8125/1

160 - 170 Ibs. ft.
210 - 230 Ibs. ft.

Replaceable precision

2.7745/1 - 2.776/1
2.7715/1 - 2.7725/1

.002/1 - .0045/1
1.363/1 - 1.373/1

.010", .020/1, .030/1
and .040/1
.12475" - .12525/1 .123/1

Balanced forging



Description

2. Boltsused per rod .
3. Connecting rod length (center-to-center) .
4. Inside diameter of connecting rod bushing (finished bore).
5. Outside diameter of connecting rod bushing .
6. Bearing bore (without bearing, cap in place, and nuts

tightened to specified torque) .
7. Connecting rod bearing-to-crankshaft journal clearance

(with nuts tightened to specified torque) .
8. Connecting rod width at lower end .
9. Side clearance-to-crankshaft journal .
10. Piston pin diameter .
11. Piston pin bushing length in connecting rod .
12. Piston pin-to-connecting rod bushing clearance .
13. Torque for tightening connecting rod cap nuts .

J. Exhaust Valves

1. Valve lift (at valve) .
2. Valve lift (at cam) .
3. Seat Angle .
4. Valve seat contact width .
5. Valve lash (cold) .
6. Valve lash (engine coolant at normal operating

temperature) .
7. Head diameter .
8. Overall length .
9. Stem diameter .
10. Inside diameter of valve guide .
11. Stem-to-guide clearance .
12. Valve spring free length .
13. Valve spring length (valve closed) .
14. Valve spring length (valve open) .
15. Spring load at 2.312" length .
16. Spring load at 1.832" length .
17. Refacing wheel angles .

K. Intake Valves
1. Valve lift (at valves) .
2. Valve lift (at cam) .
3. Seat angle .
4. Valve seat contact width .
5. Valve lash (cold) .
6. Valve lash (engine coolant at normal operating

temperatures) .
7. Head diameter .
8. Overall length .
9. Stem diameter .
10. Inside diameter of valve guide .
11. Stem-to-guide clearance .
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Size .of
New Parts

Install New Parts
When Clearance

Exceeds

2
10.4981/- 10.5021/
1.62771/- 1.62821/
1.81701/- 1.82021/

3.0251/- 3.02551/

.0021/- .004S'
1.7451/- 1.7461/
.0041/- .0091/

1.62651/- 1.62671/
1.5521/- 1.5721/
.0011/- .00171/

120 - 130 Ibs. ft.

.0091/

.0031/

.4821/

.327"
45°
(.08768") %2"
.020"

.018"
1541"
6.804"
.3715" - .3720"
.3735" - .3740"
.0015" - .00251/

24%,4"
2.312"
1.832"
5h'4 Ibs.
136 - 1461bs.
.30°,45°,60°

.005"

.4821/

.327"
45°
(.08768") %2"
.020"

.0181/
1.840"- 1.8501/
6.804"
.3715" -.3720"
.3735" - .37401/
.00151/- .00251/ .0051/



Description

n L. Intake Valve Inner Spring

1. Valve spring free length .
2. Valve spring length (valve open) .
3. Valve spring length (valve closed) .
4. Spring load at 1.578/1 length .
5. Spring load at 2.062/1 length .
6. Combined load of inner and outer springs

Valve closed .

Size of
New Parts

Install New Parts
When Clearance

Exceeds

2%"
1.578"
2.062"
66 -72lbs.
30 - 351bs.

Valve open 154 - 169 Ibs.
70 - 80 Ibs.

M. Intake Valve Outer Spring

1. Valve spring free length .
2. Valve spring length (valve open) .
3. Valve spring length (valve closed) .
4. Spring load at 1.828" length .
5. Spring load at 2.312" length .
6. Combined load of inner and outer spring

Valve closed .
Valve open ..................................

n
N. Exhaust Valve Seat Insert

1. Seat angle .
2. Seat contact width .
3. Seat runout .
4. Insert press fit .
5. Insert 0.0. not installed .
6. Bore in cylinder head for insert .

O. Intake Valve Seat Insert

1. Seat angle .
2. Seat width .
3. Seat runout .
4. Insert Press fit .
5. Insert 0.0. not installed .
6. Bore in cylinder head for insert .

P. Exhaust and Intake Valve Guide

1. Length .
2. Inside diameter .

n
3. Stem-to-guide clearance .
4. Guide stand-out from bottom of counterbore in

cylinder head
Exhaust .
Intake .

22-6

3){t
1.828"
2.312"
89 - 971bs.
40 - 451bs.

70 - 80 Ibs.
154 - 1691bs.

45°
(.08768/1) %2/1
.002"
.0025" - .0045"
1.690/1 - 1.691/1

1.6865" - 1.6875"

45°
(.08768") %2/1
.002"
.0025" - .0045"

1.8745/1 - 1.8755/1
1.871/1 - 1.872"

31h/l
.3725" - .3740"
(after assembly)
.0015/1 - .0025" .005"



Description

Q. Rocker Arms

1. Bore in rocker arm for bushing .
2. 1.0. of rocker arm bushing (finished bore) .
3. Fit of rocker arm bushing in rocker arm bore .
4. 0.0. of rocker arm shaft .
5. Rocker arm shaft-to-bushing clearance .
6. Rocker arm ratio .
7. Concave expansion plug size .

R. Camshaft

1. Number of bearings used .
2. 1.0. of camshaft bearings (when installed) .
3. 0.0. of camshaft journals .
4. Camshaft bearing-to-journal running clearance .
5. 0.0. of camshaft bearings .
6. Bearing bore in cylinder block .
7. Fit of camshaft bearings in bore of cylinder block .
8. Overall width of camshaft bearings:

Front bearing .
Intermediate bearings .
Rear bearing .

9. Camshaft end play .
10. Camshaft gear width .
11. Fit of camshaft gear on camshaft .
12. Specified thickness of thrust collar .

s. Valve Lifter and Valve Lifter Bracket

1. Bore in valve lifter bracket for lifter .
2. 0.0. of valve lifter stem .
3. Fit of valve lifter in bore of valve lifter bracket .

T. Gear Train

Backlash between mating gears

Size of
New Parts

Install New Parts
When Clearance

Exceeds

1.061" - 1.062"
1.001" - 1.0015"
.004" - .0065" tight
.999" - 1.000"
.001" - .0025"

1.53:1
3,4"

.005"

4
2.2494" - 2.25211
2.2465" - 2.2475"
.001911 - .0055"

2.5005" - 2.501511
2.4975" - 2.498511

.002" - .004" tight

.0075"

1.560" - 1.564"
.935"- .939"

1"
.003" - .009"

1.3125"
.0005" - .002" tight
.205" - .206"

.8127" - .8137"

.8102" - .810711
.00211- .0035"

.003" - .007"

U. Cylinder Head

1. Valve sequence (front-to-rear in each head). . . . . . . . . .. Intake - Exhaust
2. Cylinder head gasket thickness (compressed). . . . . . . . . . .057" - .06711

V. Lubricating Oil Pressure Pump

1. Radial clearance - gears-to-pump body .
2. End clearance - pump gears .
3. 1.0. of gear shaft bushings (finished bore)

Front cover .
Housing .

4. Upper shaft 0.0. at cover bushing location .
5. Upper shaft 0.0. at housing bushing location .

22-7

.00175" - .00275"
.00211- .004"

.004" - .006"

.005" - .007"

1.249511 - 1.2505"
.937" - .938"
1.247" - 1.248"
.935011 - .935511



Description

n 6. Clearance - upper shaft-to-shaft bushings:
Cover .
Housing .

7. Capacity at engine speed at 1800 R.P.M .
8. 1.0. of lower gearing housing .
9. Lower shaft 0.0 .
10. Clearance - lower gear bushing-to-shaft .

W. Water Pump

1. Clearance between impeller and water pump body .
2. Front bearing:

Bearing bore (1.0. for shaft) .
Shaft diameter .

Fit - shaft to bearing .
Bearing 0.0. . .
Bore in water pump body (for bearing) .

Fit - bearing 0.0. to body .
3. Rear bearing:

Bearing bore (1.0. for shaft) .
Shaft diameter .

Fit - shaft to bearing .
Bearing 0.0. . .
Bore in water pump body (for bearing) .

Fit - bearing 0.0. to body .
4. Pulley driving flange bore .

Fit - flange 1.0. to shaft .

x. Fan Hub Assembly
1. Front bearing:

Bearing bore (1.0. for shaft) .
Shaft diameter .

Fit - shaft to bearing .
Bearing 0.0 .
Bore in hub (for bearing) .

Fit - bearing to hub .
2. Rear bearing:

Bearing bore (1.0. for shaft) .
Shaft Diameter .

Fit - shaft to bearing .
Bearing 0.0. . .
Bore in Hub (for bearing) .

Fit - bearing to hub .
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Size of
New Parts

lnstell New Parts
When Clearance

Exceeds

.0015" - .0035"

.0015" - .0030"
15.3 G.P.M.
.7495" - .750511

.7485" - .7490"

.0005" - .0020"

.018" - .049"

.78725" - .78740"
.7871" - .7876"

.0035" tight - .0003" loose
2.0470" - 2.0472"
2.0467" - 2.0477"
.0005" tight - .0007" loose

.78725" - .78740"
.7871" - .7876"

.00035" tight - .0003" loose
1.8502" - 1.8504"
1.8499" - 1.8509"
.0005" tight - .0007" loose
.7856" - .7866"
.0005" - .002" tight

.98415" - .9843011

.9835" - .984011

.00015" - .0008" loose
2.0470" - 2.0472"
2.0466" - 2.0476"
.0006" loose - .0006" tight

1.18095" - 1.18110"
1.18030" - 1.18080"
.00015" - .0008" loose
2.4407" - 2.4409"
2.4403" - 2.4413"
.0006" loose - .0006" tight



4. TRANSMISSION

Description
Size of

New Parts

A. Lube Pressure Regulator Valve Spring

1. Spring pressure .. 35.1 -I- 3.5 lb. at 2.000
inch operating height

B. External Splined Reverse Clutch Plate

1. Thickness 0.123/1 - 0.107/1
2. Cone 0.097/1 min. _

0.030/1 max.
C. Internal Splined Reverse Clutch Plate

1. Thickness 0.156/1 - 0.150/1
2. Cone 0.130/1 min. -

0.012/1 max.
3. Groove depth 0.005/1 min.

D. Reverse Planetary Carrier Assembly

1. Gear end cleorcnce with unit assembled . 0.55/1 max.

E. Clutch Piston Return Spring

1. Spring pressure . 16.0 -I- 1.6 Ibs. at 5.34
inch operating height

F. Reverse Clutch Anchor

1. Face wear 0.020/1 max.

H. Forward Planetary Carrier Assembly

1. Gear end clearance with unit assembled .
2. Bushing clearance with transmission main shaft .

0.55/1 max.
0.010/1 max.

G. Forward Sun Gear to Forward Planetary
Carrier Thrust Washer

1. Thickness 0.90/1 - 0.75/1

I. Total Clutch Wear Permissible
1. Forward
2. Reverse

. '.' " " . 0.162/1 max .
0.307/1 max ... '" .

J. Intermediate-Range Clutch Apply Piston

1. Face wear .
2. Belleville return spring free height .

0.010/1 max.
0.259/1 - 0.279/1
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n

n

n

Description
Size of

New Parts

K. Intermediate-Range Internal Splined Clutch Plate

1. Thickness 0.156" - 0.150"
2. Cone 0.130" min. _

0.012" max.
3. Groove depth 0.005" min.

L. Intermediate-Range External Splined Clutch Plate

1. Thickness 0.127" - 0.123"
2. Cone 0.197" min. _

0.03(y' max.
M. Total Clutch Wear Permissible

1. Intermediate 0.080" max.

N. High Range Carrier Assembly

1. Gear end clearance with unit assembled .
2. Reaction surface wear .

0.055" max.
0.010" max.

o. External Splined Low and High Range Clutch Plate

1. Thickness 0.123 - 0.1 07"
2. Cone 0.097" min. _

0.012" max.

P. Internal Splined Low and High Range Clutch Plate

1. Thickness 0.156" - 0.150"
2. Cone 0.130" min. _

0.012" max.
3. Groove depth 0.005" min.

Q. High and Low Range Clutch Anchor

1. Face wear .
2. Piston return spring pressure .

0.020" max.
16.0 -+- 1.6 lb. at
5.34" operating height

R. Low Range Sun Gear to Low Range Planetary
Assembly Thrust Washer
1. Thickness ............................................... 0.126" - 0.122"

S. Low Range Planetary Carrier Assembly

1. Gear end clearance with unit assembled. . . . . . . . . . . . . . . . . . . . . . .. 0.035" max.

T. Total Clutch Wear Permissib'le

1. High range " .
2. Low range .

0.062"
0.134"

22-10



Description
Size of

New Parts

U. Shifter Fork Detent Spring

1. Pressure 2S.6 -t- 2.S lb. at V
1.20" operating height

V. Front Output Shaft Bushing

1. Clearance with rear output shaft. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. O.OOS'

w. Input Charging Oil Pump

1. Driven gear shaft diameter " 1.000" max. _
0.9975" min.

2. Drive gear shaft diameter " 1.000" max. _
0.9975" min.

3. Pump body bore diameter .

x. Valve Body

1. Detent spring pressure .

2. Clutch cut-off retainer plug clearance with valve plug .
3. Clutch cut-off valve clearance with valve body .
4. Clutch cut-off valve spring pressure .

5. Valve sleeve clearance with forward and reverse valve .
6. Range selector valve clearance with valve body .

Y. Main Pressure Regulator

1. Valve clearance with valve body .
2. Spring pressure .

s. AXLES

A. Differentials

1. Differential tapered pinion bearing preload

2. Ring gear run-out .
3. Backlash for ring and pinion gear .
4. Thrust block to ring gear clearance .
5. Bearing lock plate capscrews .

B. Planetary Hubs

1. Maximum preload of the bushing caps .
2. Lower bushing cap retaining capscrews torque .
3. Knuckle flange stud nuts .
4. Spindle flange capscrews .
5. Ring gear retaining plate capscrew torque .
6. Wheel bearing adjusting nut torque .

22-11

15 -t- 1.5 lb. at lK6"
operating height
0.004" max.
0.004" max.
lS -t- 1.S lb. at 1.531"
operating height
0.004" max.
0.004" max.

0.004" max.
133 -t- 2.5 lb. at
4.20" operating height

5 to 151bs. in
Rotating Torque
Not to exceed .OOS"
.006" to .012"
.010" to .015"
15 to 171bs. ft.

.001" shim
16S to lS0 Ibs. ft.
lS6 to 205 Ibs. ft.
lS6 to 205 Ibs. ft.
22 to 24 Ibs. ft.

350 to 400 Ibs. ft.
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Diameter No. Threads

Size Threads Per Inch

1Va
1~
114
114
114
1%
1%
11h
1V2

20
12
16
12
16
18
12
16
12
16

Torque Minimum Torque Maximum

Grade 5 Grade 8
(Standard (Special Heat Treated,

Heat Allen Head or
Treated) Self Locking)

655 -720 1015-1125
835 - 925 1385 - 1535
870 - 960 1430 -1590
1180 - 1290 1935 - 2135
1210 - 1330 1985 - 2210
1215 - 1345 2000 - 2230
1565 - 1730 2600 - 2875
1605 - 1785 2650 - 2960
2045 - 2270 3390 - 3765
2100 - 2330 3475 - 3875

6. AIR COMPRESSOR

Description

A. Discharge Valves

1. Maximum groove depth in face of valve .
2. Discharge valve travel with new valves, springs and cap nuts

installed .n
B. End Covers

1. Oil seal ring gap when placed in end bore of crankshaft .

C. Inlet Valve

1. Maximum groove depth in face of valve .
2. Distance from top of cylinder block to inlet valve seat .
3. After installing new seats the distance from the top of the cylinder

block to the valve seat should be .

D. Cylinder Bores

1. Maximum out-of-round .
2. Maximum taper .
3. Clearance between pistons and cylinder bores .

E. Piston Rings

1. Ring gap. Ring in cylinder bore .
2. Groove clearance. Ring installed on piston .

Size of
New Parts

.003"

.036" to .058"

.008" to .015"

.003"

.145"

.101" to .113"

.002"

.003"

.002" to .004"

.007" to .019"
.0015" to .0030"

F. Wrist Pins

1. Clearance of wrist pin to connecting rod bushing. . . . . . . . . . . . . . . .. .0015"
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Description
Size of

New Parts

G. Connecting Rod Bearings

1. Clearance between connecting rod journal and connecting rod
bearing .0003/1 to .0021/1

H. Crankshaft

1. Maximum journal out-of-round before regrinding. . . . . . . . . . . . . . . . .001/1

I. Connecting Rods

1. Clearance between wrist pin bushing and wrist pin " .0001/1 to .0006/1

7. POWER STEERING

A. Power Steering Pump

1. Maximum gap between bearing rollers .
2. Maximum housing gear bores (Measured through the dowel

pin hole centerline) .
3. Maximum differential between housing width with no gaskets,

and gears. Replace gears if maximum is exceeded .
4. Assembled total end clearance between the gear faces and the

housing width .

5. Maximum shaft wear at roller pattern. (Replace bearings if it
is necessary to replace the shaft) .

6. Housing capscrew torque. Tighten opposite capscrews .

B. Power Steering Valve

1. Maximum diameter differential in worm balls .
2. Valve adapter capscrew torque .
3. Valve cover capscrew torque .

.020/1

3.259/1

.0035/1

min.. 0025/1 -
max .. 0035/1

.001 of major dia.
60 Ibs. ft.

.0001/1
25 to 30 Ibs. ft.
15 to 20 Ibs. ft.

C. Power Steering Gear

1. Maximum clearance between lash adjuster head and shaft. . . . . . . . . . .002/1
2. Thrust bearing preload. Amount of pull on rim of 18/1 diameter

wheel Y2to 1 lb.
3. Total preload on steering gear. Amount of pull on rim of 18"

diameter wheel in a 20° arc over center. Thrust and lash adjust-
ments completed 1Va to 2 Ibs.
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8. HYDRAULIC SYSTEM PUMP

Description

A. Maximum shaft wear at bearing area .
B. Maximum clearance between shaft bearing rollers .
C. Maximum gear tooth to housing bore clearance .
D. Maximum differential between width of gears and width of gear

housing .
E. Running clearance of gears between wear plates .
F. Maximum depth of bearing below machined surface of housing .
G. Capscrew torque:

1. Capscrews with hex nuts .
2. Large capscrews .
3. Seal retainer capscrews .

22-16

Size of
New Parts

.001/1

.003/1

.010/1

.0055/1

.0035/1 to .0055/1
.005/1

70 Ibs. ft.
190 Ibs. ft.
30 Ibs. ft.



SECTION XXIII- TROUBLE SHOOTING

Topic Title
Topic
No.

General .
Engine Fuel System, Governor and

Engine Controls 2
Engine Air Intake 3
Turbocharger 4
Engine Cooling System . . . . . . . . . . . . . . .. 5
Engine Lubricating System 6
Electrical System " 7
Instruments 8
Engine " . . . . . .. . . . . . . . . . . . .. 9
Drive Shaft Group .. . . . . . . . . . . . . . . . .. 10
Transmission 11
Axles. " 12
Air Brakes " 13
Wheels '" " '" 14
Power Steering .. . . . . . . . . . . . . . . . . . . .. 15
Hydraulic System 16
Linkage 17

1. GENERAL

This section contains trouble shooting information
and outlines tests which can be made to determine
some of the troubles that may develop in the loader
when it is used under average working conditions.
Each symptom of trouble is recorded under the
individual unit or system of the loader and is

Page
No.

1
3
4
7
7
9

14
14
19
19
23
25
27
27
29
30

followed by a list of the possible causes of the
trouble. The tests necessary to determine which of
the possible causes is responsible for the trouble
are explained after each possible cause, with
reference to where instructions for their correction
may be found.

2. ENGINE FUEL SYSTEM, GOVERNOR AND ENGINE CONTROLS

A. Checking of Fuel Supply System

Refer to Section " for full details on components of the fuel system.

The function of the fuel injection pump is to meter
the fuel and deliver it, under high pressure, to the
fuel injection nozzles at the proper interval in
the engine cycle. Uneven running of the engine,
excessive vibration, stalling when idling, and
loss of power are symptoms of low fuel pressure
or insufficient supply of fuel; check the following
possible causes.

1. Insufficient fuel in fuel tank.

2. Air being drawn into the system on the

23- 1

suction side of the fuel transfer pump.

3. Clogged fuel filter elements and fuel
lines.

4. Inoperative fuel return pressure relief valve
or inoperative fuel transfer pump.

5. Inoperative fuel injection nozzle(s).

6. Inoperative fuel injection pump.

The following causes and remedies refer to steps
2 through 6 above.



TROUBLE

Steps 2 thru
6 above.

n

POSSIBLE CAUSE

1. Failure of electrical shut-off.

2. Fuel lines clogged or restricted.

3. Air leaks on suction side of sys
tem.

4. Transfer pump worn or broken.

5. Shut-off device at "stop."

6. Passage from transfer pump to
metering valve clogged with foreign
matter.

7. Governor spring worn or broken.

8. Governor linkage broken.

9. Tank valve closed.

10. Cranking speed too low.

11. Lube oil too heavy at low tem
perature.

12. Engine engaged with load.

13. Nozzles faulty or sticking.

14. Intake air temperature low.

15. Engine compression poor.

16. Pump timed incorrectly to en
gine.

17. Transfer pump faulty, pressure
too low.

18. Filters clogged.

19. Engine valves faulty or out of
adjustment.

20. Water in fuel.

21. Return oil line restricted.

22. Engine rotation wrong.

23. Air intake restricted.

23-2
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REMEDY

1. Readjust or replace if necessary.

2. Blowout a" fuel lines with filtered air.
Replace if damaged. Remove and inspect a"
flexible lines. Refer to Section II in Manual.

3. Pressurized system with air to locate leaks.
Repair as needed.

4. Replace.

5. Move to "run" position.

6. Disassemble and flush out hydraulic head.

7. Remove and replace.

8. Remove, replace and readjust.

9. Open valve.

10. Charge or replace batteries.

11. Refer to Section VIIIin the Manual.

12. Disengage load.

13. Replace or correct nozzles.

14. Provide starting aids.

15. Correct compression. Refer to Section VIII
in the Manual.

16. Correct timing. Refer to Section VIII in
the Manual.

17. Remove and inspect parts. Refer to Sec
tion II in Manual.

18. Remove and replace clogged elements.

19. Correct valves or valve adjustment as in
Section VIII in Manual.

20. Drain fuel system and pump housing,
provide new fuel, prime system.

21. Remove line, blow clean with filtered air
and reassemble. Replace if damaged.

22.

23.

Check for proper injection pump.

Check. Refer to Section III in Manual.II



TROUBLE POSSIBLE CAUSE

24. Pump housing not full of fuel.

25. Low cetane fuel.

26. Injection lines leaking or con
nected to wrong engine cylinder.

27. Nozzle return lines clogged.

28. Governor high-idle adjustment
incorrect.

29. Throttle arm travel not suffi
cient.

30. Engine overheating.

31. Exceeding rated load.

32. Engine cold.

33. Lube oil pumping past valve
guides or piston rings in engine.

34. Excess lube oil in engine air
cleaner.

B. Engine Controls

Engine controls vary the speed of the engine to
suit loader requirements. If the engine does not
respond to accelerator action, and the other
components of the engine fuel system are in

REMEDY

24. Operate engin.J for approximately 5
minutes until pump fills with fuel.

25. Provide fuel per engine specifications.

26. Relocate lines for correct engine firing
sequence.

27. Remove lines, blowout, inspect and re
assemble.

28. Adjust to pump specifications.

29. Check installation and adjust throttle
linkage.

30. Correct as in Sections IIand IV in Manual.

31. Reduce load on engine.

32. Check thermostats, warm to operating
temperature. Refer to Sections III and IV in
Manual.

33. Correct as in Section VIII in Manual.

34. Remove, check and reduce oil quantity
to specified level.

working order, refer to Section II for proper
adjustment of controls. In addition, make sure
that the rods move freely.

3. ENGINE AIR INTAKE
Refer to "Engine Air Intake System," Section III, for full details of the components of the air system.

TROUBLE POSSIBLE CAUSE

Insufficient air 1. Air cleaner pipe clogged.
supply to
cylinders.
(This condition will be indi
cated by black smoke from
the exhaust, loss of power,
and hard starting.)

2. Loose hose clamp, damaged
gasket, or damaged hose.
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1. Remove the oil cup, swab the obstruction
from the pipe, and service the air cleaner
(refer to "Engine Air Intake System," Section
III).

2. Tighten all hose clamps and replace dam-
aged gasket and hose (refer to "Engine Air , u

Intake System," Section III). '-'
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TROUBLE

Rapid wear on
engine parts.

TROUBLE

Wheel drags

POSSIBLE CAUSE

1. Dirt admitted with intake air.

2. Dirty Lubricating oil.

3. Improper fuel.

REMEDY

1. Inspect the engine air cleaner body and
the air cleaner pipe and connections THOR
OUGHLY, to detect any cracks or openings
which would allow air to enter the engine,
without first passing through the air cleaner.

2. Change engine oil and the lubricating oil
filter element at the intervals recommended.
Keep oil clean when filling engine.

3. Use the proper fuel (refer to "Specifica
tions of Fuel," in Section I).

4. TURBOCHARGER
Refer to Section III for detailed information on the Turbocharger.

POSSIBLE CAUSE

1. Carbon build-up behind turbine
wheel and/or dirt accumulation be
hind the compressor wheel.

2. Bearing seized to shaft. Dirt
causing drag in bearing. Short
bearing life.

Turbine wheel 1. Worn bearings. Bore in bearing
radial movement housing worn. Shaft worn.
exceeds .023/1.

Shaft end play
exceeds .008/1.

Shaft end play
less than .004/1.

1. Thrust collar faces or thrust
washers worn or distorted.

1. Carbon build up behind turbine
wheel. Dirt build up behind com
pressor wheel.

Compressor wheel 1. Worn bearings. Bore in bearing
radial movement housing worn. Shaft worn.
exceeds .023/1.

Dirt on com
pressor housing
face and/or
inside cover.

1. Excessive intake restriction. Re
stricted oil drain line. Operating in
dusty areas under long idle periods.

2. Insufficient air filtration.

3. Long period of operating with
out cleaning.
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1. Disassemble and clean unit.

2. Check oil pressure at turbocharger. Inspect
condition of oil.

1. Check oil flow pressure at turbocharger.
Inspect condition of oil. Oil screen plugged.
Wheels unbalanced.

1. Inspect for dirty oil or lack of oil.

1. Disassemble and clean unit.

1. Check oil flow pressure at turbocharger.
Inspect condition of oil. Oil screen plugged.
Wheels unbalanced.

1. Check for clogged air cleaner. Collapsed
hose, or leaks in air inlet hose. Clean unit.
Refer to Section Ill in Manual.

2. Leaks in air intake between cleaner and
turbocharger.

3. Disassemble and clean unit.



TROUBLE POSSIBLE CAUSE

Compressor wheel 1. Worn bearing. Unbalanced tur
rubbing on 0.0. bine wheel.
of blades.

Compressor wheel 1. Insufficient cIear an ce. Cover
rubbing on cover damaged. Thrust washer worn.
or back face.

Inlet leading edge 1. Loosepieces in air intake system
of compressor and striking wheel.
wheel blades
either worn or
pieces broken off.

Evidence of
rubbing on the
small diameter
of the turbine
wheel blades.

1. Worn bearing. Unbalanced
wheel because of a bent or broken
blcde.

Turbine wheel 1. Carbon deposit on housing be
rubbing on face of hind wheel. Improper end play.
bearing housing. Bent shaft.

Broken or bent
turbine wheel
blades.

Nozzle ring
vanes peened,
reducing the
opening between
vanes. Vanes
pitted.

Shaft bearing
surfaces scratched
and worn.

Shaft discolored.

Shaft worn on
one side only.

Bearing scratched
and worn both
1.0.and 0.0.

1. Impact from failed engine parts,
fins or projections from exhaust
manifold or exhaust ports. Wheels
striking housing after bearing has
been damaged or worn.

1. Foreign material such as debris,
projections from exhaust manifold
or head castings, or failed engine
parts passing through turbine side.

1. Dirty lubrication, insufficient oil,
or failure of oil supply. Wheel over
speeding.

1. Overheating. Insufficient oil
supply.

1. Operating with unbalanced
wheel.

1. Dirty lubrication, insufficient oil
or failure of oil supply. Wheel over
speeding.
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1. Check condition of oil. Foreign material
passing through turbine side.

1. Check end play. Refer to Section III in
Manual. Inspect cover for damage.

1. Inspect air intake system for loose nuts,
bolts, or other foreign material.

1. Dirty oil or lack of oil. Inspect for foreign
material. Replace wheel.

1. Disassemble and clean. Check end play.

1. Inspect and clean exhaust system to turbo- , ,
charger. Replace wheel, inspect condition of "-"
oil.

1. Replace nozzle ring.

1. Replace.

1. Reuse if only slightly discolored and not
deeply scratched.

1. Replace.

1. Replace.
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TROUBLE

Bearing seized
on shaft or
0.0. wear.

Bearing worn
one side only.

POSSIBLE CAUSE

1. Overheated, or lubrication fail
ure.

1. Operating with unbalanced
wheel.

Thrust collar faces 1. Dirty lubrication, lack of oil. Unit
scored or worn. overheated, improper end play.

Thrust washer
faces scored or
worn

Bearing housing
bore scratched
or worn.

1. Dirty lubrication, lack of oil. Unit
overheated, improper end play.

1. Dirty oil, lack of oil. Wheels
unbalanced.

Bearing housing 1. Oil leakage. Over fueling.
has carbon
deposits.

Compressor hous- 1. Dirty oil, lack of oil. Wheels
ing seal ring bore unbalanced.
worn or scratched.

Dirt accumulated 1. Excessive, intake restriction. Re
on face behind stricted oil drain line. Operating in
compressor wheel. dusty areas under long idle periods

or leak in air intake system.

Compressor
extension' has
scored contour.

Dirty compressor
extension.

--- ---- - -- -

1. Wheel rubbing because of ex
cessive end play. Worn thrust faces
or cover damaged by impact from
dropping, etc.

1. Excessive intake restriction. Re
stricted oil drain line. Operating in
dusty areas under long idle periods
or leak in air intake system.
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1. Replace.

1. Replace.

1. Replace.

1. Replace.

1. Replace if scored or out of round.

1. Clean housing. Check for restriction in air
intake system or restricted oil drain.

1. Replace if scored or out of round.

1. Service air cleaner. Check air intake
system.

1. Replace cover if deeply scored or dam
aged.

1. Clean.



5. ENGINE COOLING SYSTEM
Refer to pertinent Topics in Section IV for detailed information on the Engine Cooling System.

TROUBLE POSSIBLE CAUSE REMEDY

Engine operating 1. Temperature gage inoperative.
temperature too

high with ample 2. Radiator air passages restricted.
coolant in system.

1. Check gage. Replace if necessary (refer
to Topic 8 in this Section).

2. Clean exterior of radiator.

3. Check and replace thermostats if neces
sary (refer to Section IV).

4. Adjust or replace fan drive belts.

5. Thoroughly clean affected parts.

3. Thermostats inoperative.

4. Loose or broken fan drive belts.

5. Limedeposits in water passages
of radiator cylinder heads and/or
cylinder block.

6. Water passages in oil cooler
restricted.

6. Remove and clean oil cooler core.

7. Water pump inoperative. 7. Repair or replace water pump.

Engine operating
temperature too
high due to loss
of coolant.

1. External leaks.

2. Ruptured oil cooler core (oil in
coolant).

3. Cylinder head gaskets leaking.

1. Repair affected parts.

2. Replace oil cooler core.

3. Replace gaskets and torque cylinder head
nuts as specified. V
4. Replace cylinder head.

5. Replace cylinder block.

4. Cylinder head cracked.

5. Cylinder block cracked.

Engine operating 1. Thermostats stuck in open posi- 1. Replace thermostats (refer to Section IV).
tion.temperature

too low. 2. Operating in extremely cold
weather.

2. Provide covers for radiator and engine
side openings.

6. ENGINE LUBRICATING SYSTEM
Refer to "Engine Lubricating System," Section V, for full details of the engine lubricating system.

TROUBLE POSSIBLE CAUSE REMEDY

Low or no oil
pressure.

1. Insufficient oil in crankcase. 1. Maintain the oil level to the full mark on
the oil level gauge rod.

2. Use the specified lubricant (refer to "Speci
fications of Lubricants," Section I).

3. Worn main bearings or connecting rod
bearings will cause oil pressure to drop; re-
place the bearings (refer to "Engine," Section LI
VIII).

2. Improper lubricant.

3. Worn bearings.
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TROUBLE POSSIBLE CAUSE

4. Lubricating oil pump pressure
regulating valve stuck open.

5. Lubricating oil pump screen
clogged.

6. Lubricating oil pump inoperative.

7. Inoperative oil filter by-pass
valve.

8. Inoperative oil pressure gauge.

9. Worn camshaft bearings.

Excessive oil 1. Oil pressure regulating valve
pressure. stuck closed.n 2. Inoperative oil pressure gauge.

n

Oil overheating. 1. Insufficient oil in crankcase.

Excessive oil
consumption.

1. Pistons, rings, and cylinder
sleeves worn.

2. Oil leaks.

3. Crankshaft oil seals worn or
damaged.

4. Oil too light.
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4. Inspect this valve (refer to "Engine Lubri
cating System," Section V).

5. Remove the oil pan. Remove and clean the
oil pump screen (refer to "Engine Lubricating
System," Section V).

6. Inspect the pump drive and the pump (refer
to "Engine Lubricating System," Section V).
Also inspect for clogged oil lines or passages,
ruptured gaskets, or loose connections.
Clogged oil lines, oil passages, and screen are
the result of dirty and sludging oil; if this con
dition exists, clean the interior of the engine
thoroughly before resuming operation.

7. Refer to "Engine Lubricating System," Sec
tion V.

8. Test the accuracy of the gauge by in
stalling a test gauge.

9. Replace worn parts (refer to "Engine,"
Section VIII).

1. Refer to "Engine Lubricating System,"
Section V.

2. Test the accuracy of the gauge by install
ing a test gauge.

1. Maintain the oil to the full mark on the oil
level gauge rod.

1. Examine the engine to determine if these
parts are worn, or if the rings are stuck or
have excessively wide gaps. Blue smoke, loss
of power, and hard starting are indications
of this condition. Inspect and replace all
necessary parts.

2. Inspect for loose connections and damaged
or leaking gaskets.

3. Observe the front end of the engine while
running the engine with the loader standing
still. Oil leaking through the crankshaft rear
(fan end) oil seal can then be seen. Inspect the
engine flywheel housing for an accumulation
of oil. The presence of oil will indicate the
crankshaft front oil seal is leaking (refer to
"Engine," Section VIII).

4. Use the specified oil (refer to "Specifica
tions of Lubricants," Section I).



TROUBLE POSSIBLE CAUSE

5. Oil level carried too high.

6. Valve guide worn.

REMEDY

5. Do not fill the crankcase above full mark
on the oil level gauge rod.

6. Replace valve guide (refer to "Engine,"
Section VIII).

7. ELECTRICAL SYSTEM

Whenever the electrical system trouble seems to be
general, start with the battery and check through
the likeliest circuits. Many electrical system troubles
can be easily solved by common sense and a little
thought.

The correct instruments and testing equipment
should be available )Vhen checking the electrical

TROUBLE

Slow cranking
speed.

Engine does not
turn over. Starter
pinion does not
engage flywheel
ring gear.

POSSIBLE CAUSE

1. Crankcase oil too heavy or cold.

2. Looseor dirty cable connections.

3. Worn brushes.

4. Armature rubbing the field coils.

5. Low battery voltage or low
specific gravity.

6. Brushes sticking or brush springs
weak.

7. Armature burned out.

S. Starter switch inoperative.

1. Grease and dirt in starter drive
mechanism.

2. Shift lever out of adjustment.

3. Brokenor excessively worn parts.

4. Batteries dead or at low charge.

5. Loose battery cables.

6. Faulty ignition switch.

7. Faulty solenoid.

S. Wires disconnected or broken
in starter circuit.

9. Starting motor fuse blown.
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system. Besure each circuit and electrical component
is thoroughly understood before attempting repairs
and adjustments. If the proper testing equipment is
not available or if there is any doubt about an
electrical component, take it to a reliable electrical
repairman or to the nearest factory authorized
serviceman.

REMEDY

1. Change to proper grade oil or heat oil.

2. Clean and tighten connections.

3. Replace.

4. Replace starter shaft bushings.

5. Check generator and generator regulator LI
for correction operation; then add electrolyte .
to bring battery up to correct specific gravity.

6. Remove and clean brushes. Replace
springs.

7. Replace armature.

S. Check for loose connections or replace
switch.

1. Remove, clean and replace.

2. Adjust.

3. Replace.

4. Recharge batteries.

5. Tighten connections.

6. Repair or replace.

7. Repair or replace.

S. Trace circuit and replace broken wires.

9. Replace fuse. NOTE: Determine cause of
blown fuse before replacing it.
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TROUBLE POSSIBLE CAUSE

Engine turns over 1. See "Engine" Section.
but does not start.

Solenoid clicks,
but starter
doesn't turn.

Low or no
output.

1. loose wires.

2. low battery charge.

1. Dry battery.

2. Drive belt loose or broken.

3. Broken or loose cables.

4. Generator regulator stuck or
inoperative.

5. Burned contacts on regulator
units.

6. Ground armature wires or ter
minal ports.

7. Burned commutator bars.

8. Worn or sticking brushes.

9. Open circuits in the field or
armature.

10. Brush springs weak or im
properly adjusted.

11. Rough, dirty or greasy com
mutator bars.

12. High mica on the commutator.

13. Commutator out of round.

Noisy generator. 1. loose mountings.

2. Worn or loose drive pulley.

3. Worn bearings.

Excessive output. 1. Generator field grounded.

2. Regulator circuit breaker closed.

3. Defective regulator.
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1. See "Engine" Section.

1. Tighten any loose wires between the
solenoid and starting motor.

2. Recharge battery.

1. Refill to correct level with electrolyte.

2. Tighten or replace.

3. Tighten or replace.

4. Repair or replace.

5. File (if not burned too badly) or replace.

6. Remove generator and check electrical
circuits. NOTE: Do not test generator on an
open circuit.

7. Check brushes and springs; then replace
armature.

8. loosen or replace.

9. Remove generator and test.

10. Replace or adjust.

11. Remove generator, rework or clean com
mutator.

12. Undercut mica )1'2" with hacksaw blade or
some suitable tool.

13. Remove generator and turn commutator
to concentricity.

1. Tighten.

2. Tighten or replace.

3. Remove generator and replace bearings.

1. Remove generator and test circuit.

2. Check current regulator setting, if unable
to adjust, replace the regulator.

3. Replace.



TROUBLE

Erratic output.

Batteries won't
hold charge.

Battery won't
take charge.

POSSIBLE CAUSE

1. Low belt tension.

2. Broken or worn generator brush
spring.

1. Plates shorted or destroyed.

2. Faulty electrolyte used.

3. Faulty regulator.

4. External short.

5. Internal short.

6. Switch or other electrical ap
paratus left in operation after en
gine stopped.

7. One or more electrical acces
sories shorted out.

8. Battery self-discharging due to
impurities within the batteries, high
temperatures and too Iowa charge.

9. Battery overcharged.

10. Too high a rate of charge.

11. Battery frozen.

1. Shorted plates.

2. Improper electrolyte solution or
low level of solution.

3. Battery stored too long without
use.

4. Battery overcharged previously,
destroying plates.
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1. Adjust generator to correct belt tension.

2. Replace spring.

1. Replace battery.

2. Replace with correct solution and recharge.

3. Check cutout relay, repair or replace. Also
check generator for possible damage.

4. Check all wiring or other metal objects
touching battery terminals, remove or insu
late. Also, make sure that the battery case is
insulated from its mounting.

5. Replace battery.

6. Make sure switch and electrical accessories
turned off before leaving operator's com
partment.

7. Trace circuits and repair or replace faulty
accessory.

8. If battery plates still in good condition, re
place electrolyte. If battery plates warped or
destroyed replace battery. Allow battery to
cool before recharging - check electrolyte
solution for specific gravity. Check generator
regulator for proper charging rate.

9. Check generator and generator regulator
for correction operation and replace battery.

10. Check generator and voltage regulator
for correct operation. If battery plates not
buckled, recharge battery at a slow rate. If
plates warped or buckled, replace battery.

11. Allow battery to thaw, if plates not dam
aged, recharge to full charge before installing
in machine.

1. Replace battery.

2. Replace solution or add more.

3. Replace battery.

4. Replace battery.



TROUBLE POSSIBLE CAUSE

Battery won't 1. Improper electrolyte solution.

n fully charge. 2. Faulty regulator or generator.

Poor battery 1. Corroded terminals.
performance. 2. loose connections.

3. low electrolyte level.

4. High water usage.

5. Raised cell covers.

Generator regu
lator has excess
vibration, heavy
arcing or burning
at voltage or
current regulator
points.n

Fully charged
battery, high
charging rate.

n

1. Regulator out of polarity with
generator.

2. Open resistance unit.

3. Defective regulator winding.

4. Pitted or oxidized contact points.

5. Contact points out of alignment.

6. Shorted field coil in the gen
erator.

7. Poor ground connections at gen
erator or regulator.

1. Voltage regulator not reducing
generator output.

2. Improper voltage regulator
setting.

3. Defective voltage regulator unit.

4. Short circuit between charging
circuit and field circuit either in the
generator, regulator or wiring.

5. Poor ground connection at gen
erator or regulator.
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1. Adjust to correct solution.

2. Check regulator setting or see Generator
Trouble Shooting Section.

1. Clean.

2. Tighten.

3. Check for leaks and overcharging or high
charge rate.

4. Check for leaks or overcharging.

5. Check for overcharging. Check voltage
regulator for high setting if specific gravity
is above 1.215. If damage is severe, replace
battery.

1. If regulator not damaged, lightly file points
and reset. If regulator damaged, replace it.
See Generator Regulator Section for estab
lishing polarity.

2. Repair or replace.

3. Replace.

4. lightly file and reset. If too badly dam
aged, replace.

5. Align points.

6. Repair if possible or replace.

7. Clean ground contacts and tighten con
nections.

1. Check for faulty operation. Reset or re
place.

2. Reset.

3. Repair or replace.

4. Check circuits, repair or replace defective
parts.

5. Clean ground areas and retighten con
nection.



TROUBLE

Low battery and
low or no
charging rate.

POSSIBLE CAUSE

1. Loose connections.

2. Frayed or damaged wires.

3. Low regulator setting.

4. Oxidized _regulator contact
points.

5. Defective generator.

Headlight switch 1. Defective light.

on, but one light 2. Loose, disconnected or broken
remains unlit. wire.

If any two lights 1. Disconnected or broken jumper
go out (two main wires.
lights or two
auxiliary lights or
two back-up lights).

If two main lights 1. Burned fuse.
and tail light go
out, or two auxil-
iary and two back-
up lights go out.

If all lights
remain unlit.

1. Defective light switch.

2. Wire from hot side of ignition
switch broken or disconnected.

3. Cable from battery to solenoid
wire from solenoid to ammeter, or
wire from ammeter to ignition switch
loose, broken or disconnected.

4. Blown fuses.

5. Fully discharged or dead bat
tery.
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1. Tighten.

2. Replace.

3. Reset.

4. File lightly and reset.

\..II

5. To determine whether the generator or
regulator is at fault, bridge the regulator
armature and field terminals momentarily with
a jumper lead with the generator running at
medium speed. If the output does not increase,
the generator is probably at fault. If the gen
erator output increases, the trouble is due to:
A low voltage (or current) regulator setting.
Oxidized regulator contact points which exert
excessive resistance in the generator field cir
cuit so that the output remains low. Generator
field circuit open within the regulator, either
at the connecions or in the regulator windings.

1. Replace it.

2. Tighten, reconnect or repair.

1. Reconnect or replace.

1. Determine cause of trouble, then replace
fuse.

1. Check light switch for correct operation.

2. Repair, replace or reconnect.

3. Tighten, repair or reconnect proper wire.

4. Before replacing fuses, determine cause. V
5. If possible, recharge battery, otherwise
replace it.



TROUBLE

Lights flicker.

Dim lights.

POSSIBLE CAUSE

1. Loose wiring or fuses.

2. Faulty generator, regulator or
low battery voltage.

1. Low battery voltage.

2. Faulty generator or regulator.

3. Old lights.

REMEDY

1. Tighten connection.

2. Reset, repair, or replace or recharge.

1. Recharge.

2. Reset, repair or replace.

3. Replace.

to operate.
If stop light fails 1. Loose or broken wires and con- 1. Tighten, repair or replace.

nections.

2. Defective stoplight.

3. Defective stop light switch.

to operate.
If dash lights fail 1. Loose or broken wires.

2. Defective light.

If horn fails to
operate.

If horn operates
continuously

1. Loose or broken wiring or con
nection.

2. Horn button fails to contact.

3. Defective horn.

1. Shorted wiring.

2. Shorted horn.

2. Replace.

3. Repair or replace.

1. Tighten, repair or replace.

2. Replace.

1. Tighten, repair or replace.

2. Repair or replace.

3. Replace.

1. Check for bare wires, repair or replace.

2. Repair or replace.

8. INSTRUMENTS

In general, except for the temperature gauges, the
instruments should begin to function shortly after
the machine has started. Bywatching them closely,
possible damage to the loader can be avoided.
When a gauge appears to be malfunctioning, shut
off engine and check the faulty gauge for loose
connections. If there are no loose connections,
check the component to which the gauge is con
nected. That is, if the engine oil pressure gauge is
inoperative, check the engine for oil end proper

TROUBLE

9. ENGINE

POSSIBLE CAUSE

n Sudden stopping. 1. Broken shaft or sheared key.

2. No fuel.
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functioning of the engine oil system (if the com
ponent is malfunctioning refer to that Section in
the Service Manual for corrective measures). If the
component is functioning properly and the gauge
still fails to operate, check its connecting wires for
shorts or breaks. If there is nothing wrong with
the connecting wires, remove and replace the
gauge.
NOTE: Always check the component before assum
ing that the gauge or meter is of fault.

REMEDY

1. Replace broken parts.

2. Refill fuel tank and bleed or vent the fuel
injection system.



TROUBLE

Loss of power.

POSSIBLE CAUSE

3. Insufficient flow of fuel.

4. Air traps.

5. Dirt in fuel.

6. Water in fuel.

7. Plugged line.

8. Overheating of engine.

9. Low oil pressure.

10. Fuel too heavy.

11. Fuel supply pump inoperative.

12. Loose fuel pump drive gear re
sulting in improper timing.

1. Insufficient fuel.

2. Air in fuel lines.

3. Restriction in fuel line.

4. Fuel too heavy.

5. Loose fuel pump drive gear re
sulting in late injection.

6. Weak or missing cylinders.

7. Sticking fuel injection pump
plunger.
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3. Check for dirty filters, deteriorating flexi-
ble lines, insufficient fuel, and inoperative fuel V
supply pump or air leak in suction line.

4. Bleed the fuel injection system of air.

5. Replace the fuel filters. Clean the tank.

6. Drain the filters, the tank and the fuel
injection pump.

7. Clean the fuel lines and examine for de
terioration.

8. Check the water and oil. Also check for
clogged radiator or other restrictions in the
cooling system, loose or broken fan belt.

9. Check for burned bearings, dirt under the
oil pressure relief valve, suction screen brackets
for looseness, or loose oil lines and oil plugs
or diluted or light oil. Check oil supply. It may
be low, allowing suction screen to suck air.
Oil cooler choked with sludge, or oil gauge
line connections may be plugged with dirt or
pinched shut.

10. Drain the fuel filters and fuel tank and
refill with fuel of proper specifications.

11. Replace or repair the fuel supply pump.

12. Check fuel pump drive gear, align timing
marks and tighten capscrews securely.

1. Check fuel tank.

2. Vent or bleed the fuel injection system and
check for air leaks.

3. See "Sudden Stoppinq" item 7 this section.

4. See "Sudden Stopping" item 10 this section.

5. See "Sudden Stoppinq" item 12 this section.

6. Check valve clearance. Injectors should be
checked for atomization. Loosen the nipple
nut at the injector a half turn so that the fuel
leaks. H there is no appreciable change in
engine performance, that cylinder is not
operating.

7. The fuel injection pump should be checked V
and replaced with a new one by the main-
tenance repair shop.



TROUBLE

n

Hard starting.

Overheating,

n

POSSIBLE CAUSE

8. Sticking valves.

9. Loss of compression.

10. Clogged air cleaner.

11. Valve clearance out of adjust
ment.

12. Faulty nozzle.

13. Fuel injection pump out of time.

14. Leaky or sticky valves.

1S. Worn injection pump.

16. Throttle does not open wide.

1. Insufficient fuel.

2. Air traps.

3. Incorrect timing.

4. Worn rings.

S. Pitted or warped valves.

6. Dirty nozzles.

7. Battery charge low.

8. Valve clearance incorrect.

9. Fuel supply pump.

10. Worn injection pump.

1. Lack of cooling water.

2. Sediment in water jackets.

3. Water pump damaged by ice
or other substance.
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8. Free valves by applying a 50 per cent
mixture of lubricating oil and kerosene be
tween valve stem and guide. A penetrating
oil similar to Casite may also be used. While
oil is being applied, manually work the valve
up and down, using a piece of wood if neces
sary. CAUTION: If a quantity of oil is allowed
to flow between the valve stem and guide,
remove the injector and turn the engine over
with the starter several revolutions to blow
the excess oil out of the combustion chamber.

9. Check for pitted, burned or warped valves,
insufficient valve clearance, worn piston rings
or stuck rings, leaking cylinder head gasket.

10. Remove air cleaner and clean.

11. Check rocker arms, tappet clearances.

12. Replace with serviceable nozzle.

13. Retime fuel injection pump.

14. Grind valves.

1S. Replace pump.

16. Adjust or tighten linkage.

1. Check fuel tank.

2. Bleed fuel injection system of air.

3. Retime fuel injection pump.

4. Replace rings.

S. Grind valves.

6. Replace with serviceable nozzle.

7. Replace with fully charged battery.

8. Check rocker arm clearance, tappet
clearance.

9. Replace or repair fuel supply pump.

10. Replace pump.

1. Check coolant level.

2. Flush out cooling system.

3. Check water pump.



TROUBLE POSSIBLE CAUSE

4. Fuel injection too late or too
early.

S. Sheared drive gear hub key on
fuel injection pump drive shaft.

6. Improper lubrication.

7. Dirty air cleaner.

8. Back pressure in exhaust line.

9. Thermostat sticking or inop
erative.

10. Too much load on engine.

11. Loose fan belts.

n. Radiator air passages plugged.

Engine fails to 1. Loosen connections in wiring cir
turn with starting cuit or starting switch not contacting.
motor. 2. Starting motor loose on engine.

3. Battery too weak to turn engine.

4. Starting motor worn out or
burned out.

S. Foreign object in gears or on
top of piston (after general over
haul).

6. Stuck pistons.

Irregular engine 1. Missing cylinder or cylinders.
operation.

2. Fuei injection pump control rod
binding.

3. Governor springs broken or
weak.

4. Governor surge.

S. Fuel pump sump overflow valve
spring weak or broken.

6. Fuel delivery valve not seating
properly.

7. Water in fuel.
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4. Pump should be timed.

S. Check fuel pump drive gear hub for
slippage.

6. See lubrication specifications.

7. Service air cleaner.

8. Check piping. Loosen deposits. Clean out.

9. Remove, clean thermostats and housing or
replace with new thermostat.

10. Reduce load.

11. Adjust belt tension.

12. Clean exterior of radiator.

1. Check wiring circuit and switch, tighten
connections, clean battery terminals.

2. Check and tighten capscrews.

3. Replace with fully charged battery.

4. Replace with new motor.

S. Remove.

6. This is usually caused by overheating or
lack of lubrication and will necessitate the
removal of the pistons and liners and replac
ing them with new.

1. See No.1, 2, 3, 4, 5, 6, 7, 12 under
"Loss of Power."

2. Remove governor cover, inspect rod, and
oil (engine oil).

3. Replace governor with new, or replace
springs.

4. Install correct governor springs with speci
fied gap.

S. Replace overflow valve, if not available,
temporary repair may be made by stretching
spring with fingers.

6. Remove delivery valve holder, spring and
valve, and clean thoroughly in fuel oil.

7. Drain filters, tank and fuel injection pump.



TROUBLE

n

Knocking.

n

POSSIBLE CAUSE

S. Engine operating temperature
too low.

9. Broken or weak fuel pump
plunger return spring.

10. Broken nozzle spring.

11. Late injection timing.

REMEDY

S. Check for correct thermostats. Do not idle
engine excessively,

9. Install new pump.

10. Renew spring.

11. Advance injection.

Knocks in the Diesel engine con be divided into fuel knocks and those which cannot be
directly assigned to the injection process.

Knocks other than fuel are either from loose bearings, piston, flywheel, improper ad
justed valve mechanism, or blow-by due to sticking piston rings.

Excessive fuel knocks are caused by too early injection of the fuel for the speed and
load on the engine. This may be due to too great an advance on the injection or im
proper timing of the fuel pump in servicing.

Trouble from knocking, other than fuel knocks, can usually be found by sounding the
knocks out under different load conditions and by cutting out one cylinder at a time.
When the loose or incorrectly adjusted part is found, the remedy is usually obvious
and reference to articles under name of the parts affected will be found helpful in
making the needed corrections. Because these corrections should be made by an ex
perienced mechanic, the operator should report any of the mentioned conditions to
the mechanic.

Low oil pressure. 1. Low oil level.

2. Broken oil line.

3. Restricted or clogged oil line to
gauge.

4. Clogged oil cooler.

Excessive
smoking.

S. Inoperative oil pressure regu
lator valve.

6. Improper lubricating oil.

7. Clogged oil pump suction screen.

S. Worn oil pump.

9. Worn components within engine.

1. Check oil level and add oil as necessary.

2. Replace oil line.

3. Remove, clean or replace oil line.

4. A clogged oil cooler will cause oil to over
heat. Remove and clean or replace oil cooler
core.

S. Remove, clean, inspect and adjust oil pres
sure regulator valve.

6. Drain the lubricating system and refill with
the specified lubricant.

7. Remove and clean oil pump suction screen.

S. Remove and repair or replace oil pump.

9. Check for worn bearings within engine.
MakE::the necessary repairs.

This may be caused by faulty nozzles (incorrect pressure setting, plug orifices, faulty
spray pattern, dribbling, sticking or worn), improperly indexed intake valves, mal
functioning turbocharger, leaky inlet or exhaust valves, stuck or worn piston rings,
and/ or scored cylinder sleeves, late injection timing, improperly set "smoke stop."
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TROUBLE

Excessive noise
or vibration.

TROUBLE

low converter
out pressure.

High oil
temperature.

POSSIBLE CAUSE REMEDY

Check inlet and exhaust valve clearance. Make sure valves are not sticking in guides.
Check for a dirty air cleaner. As a last resort, assume the trouble to be in fuel Injection
pump. If the latter is the cause, remove and replace with new. V I

10. DRIVE SHAFT GROUP

POSSIBLE CAUSE

1. Wallowed out yoke.

2. Worn needle bearings.

3. Loose yoke capscrews.

4. Damaged or bent shafts.

5. Bent or damaged yokes.

6. Bent or damaged spiders.

7. Lack of lubrication.

REMEDY

1. Determine the cause of wear and replace
the yoke. Inspect the splined shafts for
damage.

2. Replace bearing assembly. Inspect spider
contact surfaces for wear. Replace if necessary.

3. Tighten capscrews (refer to Section IX in
Manual, for correct torque). Inspect yokes,
spiders and shafts for possible damage.

4. Repair or replace.

5. Repair or replace.

6. Replace. Inspect bearings and yokes for
excessive wear or damage. Replace if neces
sary.

7. Inspect for damage and lubricate properly. V

REMEDY

11. TRANSMISSION

POSSIBLE CAUSE

1. Low oil level.

2. Oil line leakage (remote
mounted cooler or filter.

3. Lube valve held open.

4. Plugged oil screen.

5. Defective oil pump.

6. Aerated oil.

1. Low oil level (low flow rate).

2. High oil level.

3. Low water level in cooling sys
tem.
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1. Add oil.

2. Check for oil leaks in oil lines,

3. Clean and inspect lube valve and seal. If
dirt or metal chips are found in lube valve
area, check sump screen and filter.

4. Check oil screen. Clean if necessary.

5. Check for wear in oil pump.

6. Check oil level. Check for leaks in pump
suction passages or clogged breather.

1. Add oil.

2. Drain to "Full" mark.

3. Add water. Check for leaks.



TROUBLE

n

High engine
speed at con
verter stall.

n
Low engine
speed at con
verter stall.

Loss of power.

POSSIBLE CAUSE

4. Low converter-out pressure.

5. Clogged or dirty oil cooler.

6. Operating too long in an ineffi
cient converter range.

7. Locked stator.

S. Stator installed without rollers
(low stall speed).

9. Cooling system temperature too
high.

1. Low oil level.

2. Lowconverter-out pressure.

3. High oil temperature.

4. Slipping clutch.

5. Failed turbine shaft or output
shaft.

1. Low engine output torque.

2. Converter element interference.

3. Stator installed without rollers.

1. Stator installed without rollers
(low stall speed).

2. Lowconverter-out pressure.

3. Low engine speed at converter
stall.

4. Clutch plates slipping.

5. Selector valves inoperative.

6. Low clutch pressure.

7. Foaming oil.
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4. Refer to cause as listed in "Trouble"
column.

5. Clean or replace as necessary.

6. Readjust work cycle to allow operation in
an efficient converter range.

7. Check for low top speed of vehicle.

S. Disassemble converter and install rollers.

9. Check for stuck thermostats, defective
water pump, hot engine.

1. Add oil.

2. Refer to cause as listed in "Trouble"
column.

3. Refer to cause as listed in "Trouble"
column.

4. (a) Low main oil pressure. Check for de
fective main pressure regulator valve.

(b) Overhaul transmission.

5. Replace turbine shaft or output shaft.

1. Tune engine and check output.

2. Check for noise at stall. Ove-houl con
verter if necessary.

3. Disassemble converter and install rollers.

1. Disassemble converter and install rollers.

2. Refer to cause as listed in "Trouble"
column.

3. Refer to cause as listed in "Trouble"
column.

4. (a) Check for low clutch pressure.
(b) Check for worn piston seals.

5. Check shifting linkage adjustment and pos
sible failure of valve components.

6. Refer to cause as listed in "Trouble"
column.

7. Check for low oil level, worn parts or air
leaks in input-oil pump. Check for water in
oil or clogged breather.



TROUBLE

No power
transmitted in
any range.

POSSIBLE CAUSE

1. Selector valves inoperative.

2. Low clutch pressure.

3. Clutch cut-off valve inoperative.

Low clutch 1. Clutch cut-off valve cup turned
(main) pressure. sideways.

2. Low oil level.

3. Leaks in lube system.

No power
transmitted in
one range.

Slow clutch
engagement.

High converter
pressure.

4. Parts failure in main-pressure
regulator valve body assembly.

5. Worn input-oil pump assembly.

6. Plugged oil screen.

7. Selector valves inoperative.

1. Lowclutch pressure in one range
only.

2. Failed planetary carrier.

3. Selector valves inoperative.

4. Failed transmission components.

5. Plugged clutch piston cavity inlet
line.

1. Foaming oil.

2. Low clutch pressure.

3. Worn piston seals.

4. Slow clutch cutoff valve return.

1. Failed or restricted oil cooler or
lines.

2. Lube valve stuck closed.
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1. Check shifting linkage adjustment or fail
ure of selector valve parts.

2. Refer to low clutch pressure in "Trouble"
column. Check for loose implement pump drive
idler gear spindle bolt.

3. Check for failure of cutoff valve parts.

1. Replace cup.

2. Check oil level.

3. Clean and inspect lube valve and seal. If
dirt or metal chips are found in lube valve
area, check sump screen and filter.

4. Overhaul main-pressure regulator valve
body assembly.

5. Overhaul input-oil pump assembly.

6. Drain oil and clean screen.

7. Check shifting linkage and valve com
ponents.

1. Check for worn piston seals.

2. Overhaul transmission.

3. Check shifting linkage and valve com
ponents.

4. Overhaul transmission.

5. Disassemble transmission enough to check
inlet line.

1. Check oil level, worn parts or air leaks in
input-oil pump, water in oil or clogged
breather.

2. Refer to cause as listed in "Trouble"
column.

3. Check for worn piston seals.

4. Check vehicle brake system.

1. Inspect cooler or lines for restrictions.

2. Inspect valve and correct condition found.



TROUBLE POSSIBLE CAUSE

n
Vehicle drives in 1. Failed low-range clutch.
Forward or Reverse
direction, Low Range,
and creeps when
range selector valve
is shifted to Neutral,
but stalls when shifted
to Intermediate Range
or High Range.

Vehicle drives in 1. Failed intermediate-range clutch.
Forward or Reverse
direction, Intermediate
Range, and creeps
when range selector
valve is shifted to
Neutral, but stalls
when shifted to High
Range or Low Range.

n
Vehicle drives in 1. Failed high-range clutch.
Forward or Reverse
direction, High Range,
and creeps when
range selector valve
is shifted to Neutral,
but stalls when shifted
to Low Range or
Intermediate Range.

Vehicle drives in 1. Failed reverse clutch.
any range, Reverse
direction, and creeps
backward when
Forward-Reverse
selector valve is shifted
to Neutral, but stalls
when shifted to Forward.

n

Vehicle drives in 1. Failed forward clutch.
any range, Forward
direction, and creeps
forward when
Forward-Reverse
selector valve is
shifted to Neutral, but
stalls when shifted
to Reverse.
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1. Overhaul transmission.

1. Overhaul transmission.

1. Overhaul transmission.

1. Overhaul transmission.

1. Overhaul transmission.



TROUBLE POSSIBLE CAUSE

Loss of hydraulic 1. High pressure seal on loader hy
fluid and constant draulic pump leaking.
overfilling of trans-
mission with
hydraulic fluid.

TROUBLE

Oil leakage at
differentials.

Differentia Is
overheati ng.

12. AXLES

POSSIBLE CAUSE

1. Damaged, loose or reversed
seals.

2. Scored or damaged surfaces
which seal contacts.

1. No oil, low oil, high oil, dirty
oil or wrong weight of oil.

2. Misadjusted thrust block.

Failure to drive. 1. Axle disconnected (rear axle
only).

Noise in
differentia Is.

Oil leakage
from planetary
wheel covers.

Oil leakage
from planetary
spider assembly
and wheel hub.

1. Loose or worn bearings, loose
capscrews, loose or stripped splines.

2. Little or no oil.

3. Misadjusted thrust block.

1. Loose planetary wheel cover
capscrews.

2. Damaged or bad planetary
spider gasket.

3. Cracked or broken planetary
wheelcover.

1. Looseplanetary spider stud nuts.

2. Damaged or bad planetary
spider assembly gasket.
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1. Remove loader hydraulic pump and re-
place seal. Refer to Section XVIin this Manual. \..)

REMEDY

1. Replace or tighten. If a reversed seal has
not been damaged, reinstall it in the correct
position. Refer to "Differential and Planetary
Hubs," Section XI.

2. If possible, stone surfaces carefully to re
move nicks or burrs, otherwise replace com
ponents.

1. Refer to "Differential and Planetary Hubs,"
Section XI for correct oil level and weight.

2. Refer to "Differential and Planetary Hubs,"
Section XI, for adjustment.

1. Check axle disconnect lever for positioning.

2. Check for broken or disconnected linkage.

3. Inspect for broken component in drive
train.

1. Tighten or replace components as nec
essary.

2. Add oil to correct level.

3. Refer to "Differential and Planetary Hubs,"
Section XI, for correct adjustment.

1. Tighten capscrews in accordance with
torque values shown in Section XI in Manual.

2. Replace gasket. Refer to Section XI, in
Manual.

3. Replace. Refer to Section XI, in Manual.

1. Tighten in accordance with torque values
shown in Section XI, in Manual.

2. Replace gasket. Refer to Section XI, in
Manual.
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Oil leakage
from trunnion
socket assembly,
teeri I I 2. Worn or damaged axle shaft oils eenng ax eon y. Isea.

Oil leakage be
tween planetary
housing and
brake drum.

1. Worn or damaged drive joint oil
seal.

1. Worn or damaged planetary
housing and brake drum oil seal.

Oil leakage from 1. Inner hub seal leaking.
brake drum and
brake drum dust
cover.

Excessive amount
of grease on
trunnion socket
from felt seals.
Steering axle only.

Planetary hous
ing, wheel hub
and brake
drum heating
excessively.

Wheel locked
(not rotating).

Excessive side
movement of
wheel assembly.

1. Over-lubrication of trunnion
socket and universal joint assem
blies.

1. Oil level too low.

2. Incorrect gear alignment, end
play or backlash.

3. Brake lining contracting drum.

4. Excessive wheel bearing pre
load.

5. Oil level too high.

6. Insufficient universal joint lubri
cation (steering axle only).

1. Planetary gearing jammed
(broken teeth, etc.).

2. Wheel bearings frozen or
jammed.

3. Universal joint.

4. Broken universal joint shaft in
hub spindle allowing wheel and
brake drum to cock on brake lining.

1. Improper preload on wheel
bearings.

2. Broken hub spindle shaft flange.
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1. Replace seal. Refer to Section XI, in
Manual.

2. Replace seal. Refer to Section XI, in
Manual.

1. Replace seal. Refer to Section XI, in
Manual.

1. Refer to Section XI in Manual.

1. Refer to Section XI, in Manual.

1. Refer to Section XI in Manual for proper
filling. Determine reason before continuing
with operation.

2. Refer to Section XI in Manual.

3. Refer to Section XII in Manual.

4. Refer to Section XI in Manual.

5. Refer to Section XI in Manual.

6. Refer to Section XI in Manual.

1. Refer to Section XI in Manual.

2. Refer to Section XI in Manual.

3. Refer to Section XI in Manual.

4. Refer to Section XI in Manual.

1. Refer to Section XI in Manual.

2. Refer to Section XI in Manual.



TROUBLE

Hard steering
(NOTE: Eliminate
problems in the
power steering
cylinder, drag
links, tie rod and
steering gear
systems first).

TROUBLE

No braking
action.

Partial or poor
braking action.

POSSIBLE CAUSE

3. loose or broken trunnion socket
assembly. Steering axle only.

1. Incorrect bearing preload on
steering bearings.

2, Failure of steering bearings.

3. Damaged or broken trunnion
socket assembly.

4. Tie rod interference.

REMEDY

3. Refer to Section XI in Manual.

1. Refer to Section XI in Manual.

2. Refer to Section XI in Manual.

3. Refer to Section XI in Manual.

4. Refer to Section XV in Manual.

13. AIR BRAKES

POSSIBLE CAUSE

1. Worn brake linings.

2. Poor or no brake adjustment.

3. loss of brake air due to leak or
broken line.

4. New linings.

5. Oil or grease on linings.

1. Worn brake linings.

2. Heavily war" or scored brake
drums.

3. Poor brake adjustment.

4. Crimped, clogged or dirty lines.

5. leaking diaphragm in roto
chamber.

6. Maladjusted linkage between
pedal and brake application valve.
(Pedal travel.)
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1. Replace linings.

2. Adjust brakes. Refer to Section XII in
Manual.

3. Repair or replace. Refer to Section XII in
Manual.

4. "Burn" brake surfaces in by moving loader
with the brakes on. Only do this long enough \....I
to provide good braking surface. Do not cause
brakes to overheat. Adjust brakes.

5. Thoroughly clean linings, brake drums and
internal brake areas. Repair leak or eliminate
source of contamination. "Burn" in brake sur
faces as in 4 above.

1. Adjust or replace.

2. Resurface or replace drum.

3. Adjust.

4. Repair, replace or clean as necessary.

5. Replace.

6. Adjust. Refer to Section XII in Manual.
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Compressor faiis 1. Dirty or obstructed intcke lines.
to maintain ade- 2. Excessive carbon in compressor
quate pressure cylinder, head or dischorqe line.
in the air brake
system. 3. Discharge valves leaking.

4. Excessive wear.

5. Drive belt slipping.

6. Inlet valve stuck open.

7. Excessive leakage of inlet valves.

Noisy operation. 1. Loose drive pulley.

2. Excessive carbon in cylinder
head or discharge line.

3. Worn or burned out bearings.

4. Excessive wear.

n Compressor
passes excessive
oil.

1. Excessive wear.

2. Dirty air cleaner or intake lines.

3. Excessive oil pressure.

4. Oil return line clogged.

5. Oil seal ring in end cover ex
cessively worn.

6. Backpressure from engine crcnk
case.

7. Piston rings improperly installed.

Compressor does 1. Defective un loa din g piston,
.not unload. grommet.

2. Unloading cavity plugged with
carbon.

3. Unloading mechanism binding
or stuck.

23-26

REMEDY

1. Clean or replace lines.

2. Remove carbon or replace the affected
parts.

3. Resect or replace valves.

4. Overhaul the compressor.

5. Adjust drive belt.

6. Clean up valve stems and guides or re
place.

7. Reseat or replace valves.

1. Tighten pulley retaining nut. Tighten ad
justment lock capscrews.

2. Clean carbon from head and line. Replace
the parts if it is impossible to remove the
carbon.

3. Replace bearings. Determine the cause of
the bearing failure.

4. Overhaul compressor.

1. Overhaul compressor.

2. Service air cleaner. Clean out intake lines.

3. Check setting of engine lube pressure reg
ulator volve.

4. Clean out return line. Change engine oil
filters.

5. Replace seal.

6. Change engine oil. Change engine oil fil
ters. Clean or replace breather caps on engine
rocker arm .covers,

7. Disassemble compressor and install rings
correctly.

1. Replace grommet.

2. Cleon carbon from cavity.

3. Clean and polish mating parts or replace
unloading mechanism.



TROUBLE

Uneven tread
wear.

Failures.

POSSIBLE CAUSE REMEDY

14. TIRE AND WHEEL GROUP

1. Under or over inflation.

1.'Overloading tires.

2. Over-inflation.

3. Under-inflation.

4. Bent rim.

5. Rough road conditions.

6. Incorrectly mounted tires.

7. Boots.

8. Oil, grease or gasoline.

9. Neglected cuts.

Rapid tread 1. Spinning tires.
wear. 2. Rough road conditions.

3. Excessive high speeds.

TROUBLE

No power
steering action.

1. Refer to Tire and Wheel Group, Section \.,..,
XIV for proper inflation pressures.

1. Work machine only within its capacities.

2. Proper inflation pressures.

3. Proper inflation pressures.

4. Correct or replace.

5. Constant inspection or use a tire designed
for rough operations.

6. Refer to your local tire representative for
correct mounting procedures.

7. Boots should be used as an emergency re
pair only until the tire can be vulcanized.

8. Do not allow tires to stand. or be covered
with oil, grease or gasoline. Wash with soap
and water.

9. Vulcanize cuts immediately.

1. Operate in lower speed.

2. Smooth haul road or use tires designed
for rough wear.

3. Do not race loader unnecessarily.

15. POWER STEERING

POSSIBLE CAUSE

1. No or low oil in hydraulic tank.

2. Hydraulic oil being directed to
loader operation.

3. Pump belts loose, worn or
broken.

4. Pump gears WOrn or broken.

5. Malfunctioning power steering
pressure relief valve.

6. Crimped or broken hoses or
lines.
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1. Fill tank to correct level. Refer to "Hydrau
lic System," Section XVI.

2. Check oil level in hydraulic tank and odd
oil if necessary.

3. Tighten (refer to "Power Steering," Sec:"
tion XV) or replace.

4. Replace. Refer to "Power Steering," Sec
tion XV for removal of pump.

5. Repair or replace.

6. Repair or replace.



TROUBLE POSSIBLE CAUSE

()
7. Damaged control valve. drag
links, steering mechanism or steer
ing arm.

S. Worn or damaged power steer
ing cylinder piston packing.

9. Clogged hydraulic tank magnet
and screen.

NOTE: Lack of power steering ac
tion may also be caused by malfunc
tioning steering components such as
the Pitman arm, steering mechanism,
steering knuckle, etc. Check steering
components first before assuming
that the power steering system is at
fault.

Hard steering. 1. Under-inflated tires.

2. Extremely soft working areas.

3. Power steering system not oper
ating.

4. Misadjustment of steering gear.

S. Crimped or restricted lines.

6. Lackof iubrication on all moving
steering components.

7. Binding of linkage.

Power steering 1. Crimped or restricted lines.
in one direction 2. Valve port clogged.only.

3. Bent or damaged linkage.

Cavitation, 1. Low oil supply.
pump unusually 2. Heavy oil.noisy.

" 3. Dirty oil filter._.
4. Restriction in suction line.
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7. Repair or replace.

S. Replace. Refer to "Power Steering," Sec
tion XV, for removal, replacement and rein
stallation.

9. Clean. Refer to "Hydraulic System," Sec
tion XVI for procedure.

1. Refer to Tire and Wheel Group, Section
XIV.

2. Allow work area to dry or lay new road
bed.

3. Refer to Causes and Remedies above.

4. Adjust. Refer to "Power Steering," Sec
tion XV.

S. Clean, repair or replace. Refer to "Power
Steering," Section XV.

6. Refer to proper sections for lubrication
inforrnceion.

7. Inspect linkage for damage, if in operating
condition, check for adjustments and free
movement.

1. Repair or replace.

2. Clean valve, ond change hydraulic oil,
filters and screen if necessary.

3. Repair or r:eplace.

1. Fill to proper level.

2. Change to proper oil.

3. Clean and reploce fih~r.

4. Remove.



TROUBLE POSSIBLE CAUSE

Pump takes too 1. Low oil supply.

long to respond 2. Insufficient relief valve pressure.
or fails to respond. . ,c ':-

3. Pump worn or damaged.

Oil heating up. L Foreiqn matter lodged between
. the relief valve plunger and relief
valve seat.

Oil foaming.

TROUBLE

-2. Using very light oil in a hot
·dimate.

3-. Dirty oil.

4. Oil level too low.

S. Insufficient relief valve pressure.

6. Relief valve pressure too high.

7. Pump worn (slippage).

1. Air leaking into suction line from
tank to pump.

2. Wrong kind of oil.

3. Oil level too low.

REMEDY

1. Fill to proper level.

2. Reset to correct pressure setting using V
gauge.

3. Inspect, repair or replace.

1. Inspect and remove foreign matter.

2. Drain and refill with proper oil.

3. Drain, flush and refill with clean oil.

4. Fill to proper level.

S. Set to correct pressure.

6. Same as 5.

7. Replace or repair.

1. Tighten all connections.

2. Drain and refill with a non-foaming type
of hydraulic oil.

3. Fill to proper level.

16. HYDRAULIC SYSTEM

POSSIBLE CAUSE

Lack of hydraulic 1. Low hydraulic oil level.
power.

2. Worn or' damaged hydraulic
pump.

3. Using an oil that foams.

4. Malfunctioning relief valves.

S. l.eckinq control valve.

6:' Leaking pistcm'-packing.
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1. Fill to correct level. Refer to "Hydraulic
System," Section XVI, for procedures and
quantity.

2. Refer to "Hydraulic System," Section 'XVI,
for removal, repair and relnstclloflon of pump ..

3. Refer to "Hydraulic System," Section XVI
for proper oil specifications.

4. Refer to "Hydroullc System," Section XVI
for correct settings of relief valve or replace
valves if necessary.

S. Repair or replace.

6. Replace packing. rf more than:ohe pi~ton
is leaking, check oil filters, sc~een and magnet
for excessive dirt or metal particles. If' ~y-

" ~"draulic system is contaminated, drain Land .."",
flush system, replace filters and inspect pump
for wear and damage.



TROUBLE

n.
Oil overheats.

Malfunctioning
control valve.

POSSIBLE CAUSE

7. Crimped or broken lines.

S. Clogged suction line screen.

1. Restriction in line,

2. Low oil level.

3. Short operation cyde.

4. Clogged oil cooler.

S. Dirty coolant.

6. Wrong weight oil.

7. Dirty oil.

1. Bent or misadjusted control
Iink:Age.

2. Weak or broken detent springs.

3. Worn or damaged plungers.

4. Worn or damaged seals.

S. Worn or damaged flow control
valve.

6. Maladjusted or weak relief valv
spring.

17. LINKAGE

TROUBLE POSSIBLECAUSE

. Bent booms, 1. Misapplication of loader.
. cross links, pump
. links or buckets.

2. Obstruction wedged between
loader, and boom or cross link.

3. Leek of lubrication causing parts
to bind or freeze.

Damage~ or 1. Refer to causes above.
broken booms,

.'cross links, dump
-\ links or buckets .
.A'·

23·30

REMEDY

7. Repair or replace.

S. Clean screen.

1. Repair or replace.

2. Refill tank,

3. Allow slight rest between cycles.

4. Clean, Refer to "Engine Cooling System,"
Section IV.

5. Drain and flush cpoling system. Refer to
"Engine Cooling System," Section IV.

6. Refer to "Hydroulic System," Section XVI
for correct oil specifications.

7. Drain and flush hydraulic system. Replace
filters.

1. Straighten or replace. Refer to "Seat Frame
Clild Operator's Compartment," Section XVII.

2. Replace.

3. Replace.

4. Replace.

S. Replace.

5. .\c:just or replace. Refer to "Hydraulic
System," Section XVI for proper adjustment.

REMEDY

1. Loader should be operated within its de
sign capabilities. Repair or replace parts as
necessary: Refer to "Linkage Group," Section
XVIII.

2. Remove .obstruction. Repair or replace
parts as necessary.

3. Repair any damage, replace any parts
and lubricate. Refer to Section XVIII.

1. Repair or reploce wherever necessary.



·...; SECTION XXIV - SPECIAL TOOLS

;.;

Topic
Topic Title No.

General. . . . . . . . . . . . . . . . . . . . . . . . . .. 1
Turbocharger Tools : :':. '. . . .. 2
Engine Tools ' ,'_'.. .. 3
Transmission Tools. . . . . . . . .. 4

10 'GENERAL

In many cases, the use of special tools for discs-.
sembly and assembly are required to perform the
particular operotlon :bnd to obtain the best results.
The use of special tools enables the serviceman, or
mechanic, to perform the operation in the proper
manner and in the least amount of time.

Page
No.

1
1
2
3

assist service and maintenance personnel in the se
lection of proper tools and combination of tools to

, 'accomplish the various service and maintenance
operations described and illustrated in the Model
~T~-96DService,ManuaL

The following special tool listing was prepared to
,The .special tools listed below must be ordered di
rectly, from the tool manufacturer.

Toot Manuf"cturers

Kent-Moore Organization, Inc.
28635 Mound Road
Warren, Michigan "

...
2. TURBOCHARGER TOOLS

Description

Compressor Wheel Spacer Block .
Torque Wrench Adapter %" , .
Torque Wrench Adapter K6" .
Bearing Snap Ri'ngPliers .

,~'I :

Thrust Collar and Compressor Wheel Support Block .
Compressor Wheel Disassembly Ring .
Compressor End Ring Expander ' .
Turbine End Ring Expander .
Bearing Thrust Washer Remover .
Thrust Collar Compressor Wheel Assembly Tool .
Oil Flinger Assembly Gauge .
Compressor Wheel Disassembly Tool .
:Bearing Snap Ring Pliers .
Oil Flinger Removing Tool ~. ~ .

.', Bearing Snap Ring Pliers ~ .
Ring Groove Width Gauge - .066" .
N'ozzle Vane Spacing Gauge - .210" .
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Allison Division
General Motors Corp.
Box 894
Indianapolis 6, Indiana \_,/

)

Kent-Moore
Tool CO.

J-9131
J-9113
J-9115
J-6083
J-9135
J-9128
J-9126
J-9134
J-9282
J-9129
J-9133
J-9127
J-9138
J-9132
J-9136
J-9116
J-9124

V



3. ENGINE TOOLS

Description
Kent-Moore
, Tool Co.

Rocker Arm Bushing Tool Set :'! .. J-6332
Injection Nozzle Sleeve Remover Set '.' ". J~7857
Injection Nozzle Sleeve Installer' . . ' ,~"I

(Used with Drive J-7079-2) , ".•.
Injection Nozzle Sleeve Cleaner " J-7871-01
Adapter Set for Eccentric Valve Seat Grinder

(Used with Eccentric Valve SefGrin~er J-7040) . . . . . . .. J-9296
Nozzle Hole Cleaner-Wire

(Used with Pin Vise ]:-4298-1) .. ,.................. _'J-8976
Exhaust Valve Seat Insert Installer \

(Used with Driver J--7079--2) ". .J~8!334
Instake Valve Sect Insert Installer

(Used with Driver .1':"7019-2) "" . . . . . J....:8835
Exhaust Valve Seat Insert Remover

(Used with Driver J-4140-14) .
Intake Valve Seat Insert.Remover

(Used with Driver J-4140-14) .
Exhaust and Intake Valve GuideRemover .
Exhaust Valve Guide Installer Adapter

(Used with J-9317-1 and J-9317-4 listed below) .
Intake Valve Guide Installer Adapter

(Used with J-9317-1 and J-9317-4 listed below) .
Exhaust and Intake Valve Guide Installer Plate .
Exhaust and Intake Valve Guide Installer Spindle (%" Dia.) ..
Valve Guide Cleaning Brush Set .
Front Seal Protector .
Cylinder Sleeve Remover .
Nozzle Tester Set .
Adapter Set (American Bosch used with above Teste~ Set) ..
Nozzle Spray Collector , ' .

*Nozzle Cleaning Kit ,."., ,
Nozzle Lapping Kit , . , .. , , , , ~ . " . ~ '
Nozzle Remover Adapter '

(Used with Slide Hammer J-6471-1) , .. ':' , .
Slide Hammer , , : ' .
Fuel Injection Line Nut Wrench

(Nozzle Holder Assy. End) , ,. ,;.
Fuel Injection Line Nut Wrench

(Injection Pump End) " .. , ,. ~...• .' ,
Cylinder Diameter Checking Gauge ,.,.".' ..
Cylinder Hone ...................•.. ,: . , . , , ',','. ',',
Cylinder Ridge Reamer , , .....•. ,. " ' :'... .
Compression Gauge Set , ,.; < ••••••••• ,

Compression Gauge Set Carrying Case ; . " . ; .. ~
Piston Vise " , , .. :' :
Piston Pin Retainer Pliers

24-2

J_;7865

'1

J-8870--1

J-8870-2
J-269

J-93 17-20

J-9317-17
J-9317-1
J-9317-4
J-5585
J-6897
J-6833
.~:-a625
J-8839
J-6445-50
4040025
J-3179

J-6865
J:.:6471-1

J-6765

J-9162
,·)-8060
·J-5902
J·::'9325
J-6762-02
·J-7125
J-1218
J-4245



Description

Piston Pin Remover and (nstalter _, .
Piston Inserter (Piston Ring Compressor) , .
"tskm Ring Remover and Instotler .
Piston to Sfeeve Feeler Gauges ,~,;;",~_ _, .
'istOl) Ring Gap Feeler Gauges,;': ., ~. : .
GecJr Puller with 9V2/1 Legs -, .. ~_.. : .
'leg$ 4%11 for above Gear Pufler ~'....•.............
Poller Adapter (Pair 1,4-20). .' .
Putler Adapter (Pair ~6-18) .. : ~ .
Pulter Adapter (Pair %-16). : :~'.~ .
Puller Adapter (PaJ~.U~~20L~"~ ..•.......... , .
P~ffer Adapter (Pair %-13) -.- .
PvJJer Adapter (Pair %-11) ...............•. , '.. '~.'.
Drive Rod (Used :withValve Seat Insert Rem6ver Toors). : '.: .
Driver (Used with Nozzle Sleeve Jnskllter and Valye Seat

Insert Installers) , . , ' , .
Camsbqft Bushing)'~emovero~dIn~t~ller §et . : •. , .
Oil Seal Removerj,an~ Repla~er Set .. ': , .
Torque_Wrench 0-150 ft. Ibs•... ,: , .
Torque Wrench 0--3QQ,ft.,Ibs.;. .• ' ,_ .
Pin Vise -.- for Holding_N();t~i. Hol~ Cfeanrhg' Wir.! .
Gear Puller Set (SmaH)........•....... ; ... ~ ; .
*Order this tool from yoor Allis-Chalmers dealer.

4. TRANSMISSION TOOLS

Description

Gear Spindfe Tool , . , , , .
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Kent-Moore
ToolCo.

J-7092
J,...7061 -

\...; ,J-SI28
J-5438
J-3172
J-S190
J-81 SO
J-81S1
J-S1S2
J-81S3
J-9302
J-S184
J-8185
J-4140-14

:),-7079'.....2
J-6786
J-3154--04
J-1313
J-9187
J.,.;4298-1
r-am

V
)

Allison
Division
Tool No.

TS0-20221

)


