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This manual is prepared fo provide the customer and the maintenance
personnel with complete information and instructions on the mainte-
nance of the Model “HD-9B"” Tractor (standard model). Extreme care
has been exercised in the designing, selection of materials, and the
building of the tractor. By proper maintenance and skillful operation
of the fractor, the utmost satisfaction in performance and service will
be obtained.

In order to become familiar with the various parts of the tractor, it is
urged that the mechanic study the instructions in this manual and use
it as a reference when performing repair or mainfenance operations.

All information and photographs shown throughout this manual are of
the “Standard” Model “HD-9B* Tractor, unless otherwise stated.

Sections | through XIX of this manual contain a detailed descripfion
of the various assemblies of the tractor and instructions for the proper
adjustment and repair or rebuilding of these assemblies.

Section XX describes the Special Equipment available for the tractor
and outlines the service of these parts.

General Maintenance Instructions are given in Section XXI, and Fits
and Tolerances in Section XXII.

Trouble Shooting Information given in Section XXl will aid in deter-
mining the cause of operating irregularities and tells what may be
done to correct them. General information on the availability of
Special Tools is given in Section XXIV.

To assure the best results and fo maintain the original quality built
into the tractor, it is important that Genuine “Allis-Chalmers” Parts be
used when new parts are required. IMPORTANT: ALWAYS FURNISH
THE DEALER WITH BOTH THE TRACTOR AND ENGINE SERIAL
NUMBERS WHEN ORDERING, PARTS.

Many owners of “Allis-Chalmers” equipment employ the Dealer's
Service Department for all work other than routine care and adjusi-
ments. This practice is encouraged as our dealers are kept well informed
by the factory regarding advanced methods of servicing “Allis-
Chalmers” products and are equipped to render satisfactory service.
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1. GEMNERAL DESCRIPTION

The description given herein and the information
contained in this manual pertoins to *he Model
"HD-9B” Tractor {Standard Model), unless other-
wise stoted,

The Model “HD-9B” Tractor is an 18,800 pound
track-type tractor powered with a 4-cylinder, 2-
cycle “DIESEL” Engine. Power from the engine is
transmitted through o single plate, over-center type
engine clutch to the transmission through a drive
shaft universal joint assembly. From the trans-
mission, the power is transmitted fo the bevel gear,
and from the bevel gear through two multiple disc
steering cluiches {one on each side of the bevel
gear shaft) to the final drives and the track drive
sprockets.

The transmission provides 6 forward speeds rang-
ing from 1.4 M.P.H. in low gear to 5.7 M.P.H.

in high gear and 3 reverse speeds ranging from
1.6 MP.H. in low reverse to 4.4 MP.H. in high
reverse, under full governed engine speed of
1600 R.P.M,

Mechanical “Booster-Type” steering clutch con-
trols, mechanical self energizing brokes, adjustable
and wide operator’s seatf, and unobstructed view
of the front of both tracks assure easy, positive
control of the fractor ot all times.

The tractor is equipped with electric starting and
lighting equipment, muffler, full width crankcase
guard, front pull hook, bumper, hinged type radi-
ator grille, suction type fan, and 16-inch integral
grouser shoes. The truck wheels, track idlers, and
support rollers have positive type seals and are
protected by guards.
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2. GENERAL SPECIFICATIONS
(STANDARD TRACTOR)

CENERAL SPECIFICATIONS:

Overall Length ... i iee e 12 f£. 4 in.
Overall Height (without stacks) . ... . i ittt e s cr et e e e iaarannais 6 . 1% in,
Overall Widith (standard shees) .. ... . i ettt i ar i 7 ft. 11-1/16 in.
Turming Radius ...t e e et e 8 fr. 7% in.
Graund Clemranee L. . . i ittt ittt e e e a it 13-5/16 in.
Drawbar Height {center line of fJaw) ... .. .. e 16-17/32 in.
Lateral Drowhar MOVEMEnt .. ... . vt e e e e e e rrs cir v e esram s crmas it trcaamtnanrac sy snennnanas 26% in.
Shipping Weight (approximaie) . ... it it irn s teas et e e 18,800 lbs.
Length of Trock on Ground ..ottt ittt e mar i s e caman e aa e 7 . 1% in,
Width of Standard Track Shos ..ot i ittt e e e s et 14 in.
Maximum Width Track Shoes Available . o i i i e it cnnr s s 22 in.
Ground Contact Aren (standard shoes) ... o i i i i i i i i e s 2744 sa. in.
Number of Trock Shoes per Track Lo . i e e i 38
Ground Pressure per Sq. In. {standard shoes) ... . i e i 6.85 1bs,
Tread width {centertoecenter of r00KS) .. .t it i it st er i e s i rararae s anraans o innaeenns 74 in.

TRACTOR SPEEDS (at Rafed Engine Speed):

GEAR BANGE SPEED

L - o AU UP R 1.4 M.PH,
T I T O U 2.1 M.PH,
B R o DAY 2.9 M.PH,
T - O U U RO PO 3.8 MP.H.
5 £+ T Yo T DUt 4.4 MPH.
Bt OO . vt ottt e e e e e e e e e 57 MPH.
I = 1 1.6 M.PH.
074 T B o T 3.5 MPH.
Bt ROVEISE « . it e e e e e e e e e e e e e e e e e m e 4.4 MPH,

ENGINE:

B o i e e "General Motors™ Diesel
T o i e e e e e e e e e Twu Cycle
Numbier of Cylingders . .. i i ot et e e e e 4
- O 4% in.
BORE .ottt e i e e e e e e e e e e e 5 in.
Piston Bisplocement L. .. i e e e e e e et a e 284 cu. in
Engine Speed {gavernad at full Toud) ... i e 14600 R.P.M.
] YT TGS Forced Feed
Fuel UBer L e e e e e e e e Mo, T or No. 2 Diessl Fuel
Fuel Supplied by ... e e e et v 55 cu, mm. Unit [njectors

CAPACITIES (Approximate) (U. §. Standard Measure):

00T S o 7% Gals.
Crankcase and FIer . L L i i et e it ettt 4 Gals.
OIS 00 50 . . it ittt n e e e e e e s &% Gals,
Final Drives (@00R) L. .. i i it e e e e e e e e s 3% Gals.
sl TR oo i e e e e e e e e e 55 Gals.
Track Relagse Housing (@mch) L. . . i i i i e 2 Gols.
F T O T . 1 Gol.

The Allis-Cholmers Monufacturing Company reserves the right to moke changes in the
above specifications or fo add improvements af any #ime without notice or obligation.



3. SPECIFICATIONS OF LUBRICANTS

A. Engine Crankcase Lubricant

USE NON-CORROSIVE "DIESEL” ENGINE LUBRI-
CATING OiL CONTAINING ADDITIVES WHICH
WILL PREVENT SLUDGE OR GUM DEPOSITS.
UNDER NO CIRCUMSTANCES SHOULD A COR-
ROSIVE “DIESEL” ENGINE LUBRICATING Oil
EVER BE USED.

Use oils of the following viscosities:

Atmospheric

Temperature Viscosity
Above 32° F. Use SAE 30
0° F. o0 32° F. Use SAE 20W
0° F. and below Use SAE 10W

Manufacturers of [ubricants recognize the impor-
tance of the qualities required for use in our equip-
ment and they are cooperating fully to assure the
use of only those oils which fulfill these require-
ments, The oil distributor and oil manufacturer are
to be held responsible for the resuits obtained from
their products.

The outstanding lubricating requirements for effi-
cient operation of the engine are: The maintaining
of piston rings in o clean, free condition; absence
of hard carbon and “varnish” deposits on or within
engine parts; the prevention of bearing corrosion;
and the promotion of general cleanliness within
the engine,

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

B. Transmission and Final Drive Lubricant

Lubricate these assemblies with any good grade
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of engine lubricating oil purchased from a reputa-
ble oil company.

Use oils of the following viscosities:

Atmospheric

Temperature Viscosity
Above 32° F. Use SAE 50
32° F. and below Use SAE 30

€. Track Releuse Housing Lubricant

Lubricate these assemblies with SAE 50 engine
lubricating oil in all seasons.

D. Truck Wheel, Track Idler, and Track
Support Roller Lubricant

Lubricate these assemblies with a grease that has
been tested and found satisfactory for use by the
Allis-Chalmers Manufacturing Compony. A revised
list of approved greases is issued every six months.
Ask your nearest “Allis-Chalmers”
Dealer for the lutest list.

authorized

E. Pressure Gun Lubricant

Use a ball and roller beoring lubricant with o
minimum melting point of 300° F. This lubricant
should have a viscosity range so os fo assure easy
handling in the pressure gun at the prevailing
atmospheric temperature. This lubricant must be
waterproof.

F. Air Cleaner

Use the same viscosity oil in the air cleaner as used
in the engine. CAUTION: Do nof vse an off that
foams.



4. SPECIFICATIONS OF FUEL

Use a No. T “DIESEL” Fuel purchased from a
reputable oil company. In warm weather No. 2
“DIESEL” Fuel may be used. This fuel must be
within the classification limits as established by the
American Society for Testing Material, Tentative
“DIESEL” Fuel Qil Specifications (ASTM —DP75),

For longer engine life and performance, fusl re-
guirements mus* comply with four basic qualifi-
cations:

1. Physical cleanliness.

2. Absence of chemical contamination.
3. Proper burning characteristics.

4. Cold starting ability.

Physical cleanliness means freedom from water,
dirt, and other incombustible ingredients. Since
all present day high speed “DIESEL” fuels are com-
pletely distilled, they leave the refinery in clean
condition.

The most objectionable chemical contaminants are
free sulphur and gum, which, even in relatively
small quantities are largely responsible for harm-
ful internal engine deposits. The fuel must also be
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free from alkali and mineral acids.

Proper burning characteristics are dependent upon
ignition quality and volatility.

All fuels meeting the requirements of the No. 1-D
and also the lighter types of fuel in the No. 2-D
grade of ASTM-D%75 “DIESEL” Fuel Qil Specifica-
tions are satisfactory. The more volatile grade
(ASTM No. 1-D) is recommended for all types of
service where frequent speed and load changes
occur, while fuels in the heavier grade (ASTM No.
2-D) may be used with sustained high loads.

Prolonged use of fuels combining low ignition
quality {less than 45 Cetane MNumber] with high
boiling temperature (more than 675° F. end point)
should be avoided, particularly in cold weather,

CAUTION: The sulphur content of “DIESEL” fyel
should be as low as possible. For warm weather
conditions, the fuel should contain not maore than
¥2 of 1% sulphur. For cold weather operation, fuel
with not more than 3/10 of 1% sulphur is
preferable.



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, sedi-
ment, or any other foreign matter which will
contaminate the fuel. Dirty fuel will clog the fuel
fiters and eventually damage the fuel pump and
injectors.

A portable storage tank provides the best method
for storing fuel on the job. In a storage tank, the
sediment and water can easily be drained and the
fuel can be pumped into the fractor fuel tank with
o minimum of handling. Consult your nearest “Allis-
Chalmers” Dealer for details about this fype of
storage tank. Since condensation will occur in the
storage tank, it is very important that a sediment
sump be provided so that water and settlings can
be drained daily.

Fuel should be allowed to setile of least 48 hours
in the storage container before it is added to the
fuel tank of the tractor. It is advisable fo use o
pump and draw the fuel from the container rather
than to drain it from the botiom of the container.

Where conditions are such that drums must be used
to supply fuel, it Is advisable fo have enough drums
to ollow sufficient time for the fuel to szetle. The
fuel should be used only to within about three (3)
inches from the bottom of the drums. The fuel thus
left in @ number of drums can be collected into
one drum and used affer the usual time allowed
for setiling. In this manner, the sediment and for-
eign 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 to
aveid contamination of the fuel 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 ot the start; this
will reduce the woler confent, as a full fank is
less subject to condensation. The tractor fuel tank
is provided with a drain elbow and drain cock, for
draining accumulated woter and sediment,

Fig. 3 —Fuel Storage Tank
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6. TRACTOR AND ENGINE SERIAL NUMBERS

On all parts orders and in all correspondence relu- face of the steering clutch housing (near the vpper
tive to the fractor, it is necessary that both the right corner) and is also stamped on a serial
tractor and engine serial numbers be given. This number plate atfached to the cowl.

will properly identify the particular machine and

will assure obtaining the correct replacement parts The engine serial number is stamped on the upper
for it. right side of the cylinder block, below the governor

conirol housing.
The tractor serial number is stamped in the rear

RACTOR SERIAL

Fig. 4 — Tractor Serjal Number Location

i, 3 Engine Serial Number location
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1. DESCRIPTION OF SYSTEM

The engine fuel system consists of the fuel tank,
first stage fuel filter, fuel pump, second stage fuel
filter, injectors, fuel lines, and fuel pressure gage.
The fuel is drawn from the bottom of the fuel tank
and through the first stage fuel filter by the fuel
pump. The pump then circulates the fuel under
pressure through the second ‘stage fuel filter, fuel
inlet manifold on the right side of the cylinder
head, and then through the injectors. As the fuel
enters each injector, it posses through a small
poraus metal filter in the injector body. The amount

of fuel required by the engine is injected into the
cylinders by the injectors; surplus fuel, not required
for combustion, leaves each injector through an-
other porous metal filler, enters the return fuel
manifold and is returned to the fuel tank. A pres-
sure of 20 to 55 pounds is maintained within the
fuel system by a restricted fitting located in the
rear of the return fuel manifold. The continuous
circulation of fuel helps to cool the injectors and
eliminates the possibility of air packets in the fuel
system,
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2. CHECKING FUEL SUPPLY SYSTEM

A. General

Under normal conditions, with the engine running
at full throttle, 20 to 55 pounds pressure will be
indicated on the fuel pressure gage. Fuel pressure
below normal, uneven running of the engine, ex-
cessive vibration, stalling when idling, and a loss
of power are indications of insufficient fuel supply
to the injectors. To determine the cause for the
above conditions, check for the following:

1. Air being drawn into fuel system on the suc-
tion side of the fuel pump.

2. Clogged fuel filter elements and fuel lines.

3. Clogged injector fuel filters.

4. Inoperative fuel pump.

B. Check for Full Flow of Fuel
Through System

To check the flow of fuel through the system, dis-
connect the fuel return line at the fuel tank. With
the engine operating at high idle, the system will
be functioning properly when a full stream of fuel
with considerable pressure can be observed re-
turning to the fuel tank through the return fuel
line. If only a small stream is observed returning
to the tank, all causes listed above must be checked
and eliminated in turn,

C. Check for Admission of Air into
System, Clogged Fuel Filter Elements,
and Clogged Fuel Lines

To check for air being admitted into the system,
follow the same procedure as used in checking
for flow of fuel. If air is entering into fuel system,
foam or bubbles will be cbserved in the fuel that
emerges from the loosened connection. Correct
this condition by tightening any loose fuel lines
and filter connections between the fuel tank and
the fuel pump. Start the engine and test for smooth
operation and full flow of fuel.

If the fuel lines or filters are clogged, clean the
first stage or second stage fuel filter, or both, in-
stall new elements, and blow out the [ines while
they are disconnected. This should eliminate the
difficulty. Check for full flow of fuel after engine
is again started.

D. Check for Clogged Fuel
Injector Filters

If the engine still runs “ragged” with suitable fuel
return, the injector filters for one or more of the
cylinders may be partially clogged. Locate the
faulty injector as follows:

Run the engine at low idle speed and cut out each
injector in turn by holding the injector follower
down with a screwdriver or small block of wood.
CAUTION: Do not allow the screwdriver to slip
off the injector follower as damage to the valve
assemblies can easily result. A decrease in engine
speed with the injector follower held down will
indicate that the injector for that cylinder is func-
tioning properly. If engine speed does not de-
crease, the injector is inoperative and should be
removed for further inspection. To determine
whether or not the faulty injector is obtaining suf-
ficient fuel, stop the engine and remove the fuel
line that connects the injector to the return fuel
manifold. Hold a finger over the injector fuel out-
let and crank the engine with the starter. If fuel
gushes from the injector fuel outlet while the starter
is cranking the engine, an ample fuel supply is
indicated.

SCREW DRIVER
INJECTOR ROCKER ARM

§ INJECTOR PLUNGER FOLLOWER
Fig. 2 — Locating Faulty Injector
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E. Checic for Inoperative Fuel Pump

Assuming that there is a sufficient supply of fuel
in the fuel tank, and that fuel is reaching the fuel
pump, loosen the vent screw located in the top of
the second stage fuel filter, The fuel should gush
from the vent screw opening in the filter with the
engine running at low idle. If fuel does not gush
from this opening, the fuel pump will be consid-
ered inoperative and must be repaired or replaced.

F. Excessively High Fuel Pressure

A relief valve is installed in the fuel pump to pre-

vent high fuel pressure. If the relief valve sticks,
high pressure will develop and will be indicated
on the fuel pressure gage. When this occurs, the
valve in the fuel pump should be inspected and
the cauvse determined for its sticking. The second
stage fuel filter, the restricted fitting installed in
the rear of the return fuel manifold, and all the
fuel lines should be inspected for clogged
passages.

Continued operation with excessively high pressure
(over 55 pounds) may result in damage to the fuel
system.

3. FUEL TANK AND DRAIN ELBOW

A. Description

The fuel tank, located ot the rear of the tractor,
has o capacity of approximately 55 gallons. The
drain elbow at the bottom of the fuel tank provides
a means for draining the tank when flushing and
also tets a5 a sediment sump. Open the drain cock
in this elbow before the engine is started at the
beginning of the day's operation in warm weather
or shortly after the end of the day’s operation in
freezing weother; close the drain cock when cleon
fuel runs out. Drain and flush the fuel fank if a
large accumulation of rust and scale is evident.

! Fig.'ébffiaef Tank Drain Elbow
B. Mainfenance

if a large accumulation of rust or scale in the fuel
tank becomes apparent, remove the drain plug
from the fuel tonk drain elbow, disconnect the fuel
lines from the fuel tank, and flush the tank with
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clean fuel or clean the tank with live steam, This
will prevent frequent clogging of the fue! filters
and will eliminate possible trouble in the fuel
system.

€. Removal

1. Remove the seat cushion. Remove the side
cushion from the top of each battery box.
Remove the bolt attaching each battery box
to the front of the fuel tank {one bolt on
each side).

Remove the capserew attaching the battery
cable supporting clip to the fuel tank.

Close the fuel tank shut-off valve located at
the lower front side of the fuel tank. Discon-
nect the fuel supply line from the fuel tank
shut-off valve and disconnect the fuel re-
turn line from the fuel tank.

4, Remove the bolts attaching each side of the
fuel tank to the rear fenders.
5. Place a suvitable chain or rope around the

fuel tank and remove the tank from the trac-
tor. Protect all openings of the fuel tank and
the disconnected fuel lines against entrance
of foreign material.

2. Installotion

Install the fuel tank by a direct reversal of the re-
moval procedure (refer to C. above).



4. FUEL FILTERS

A, Description

The engine is equipped with twe (2} fuel filters,
each containing a replaceable filter element. The
first stage fuel filter is mounted at the left rear side
of the engine and the second stage fuel filter is
mounted on the right side of the engine. A drain
cock Is provided in the bottom of each filter for
draining of water and sediment.

4 Fig. 5— Second Stage Fuel Filter Locution
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8. Service

The service of each fuel filier is the same. To serv-
tce the fuel filters proceed as follows:

Open the filter drain cock daily, before the engine
is started at the beginning of the day’s operation
in warm weather or shortly after the end of the
day’s operation in freezing weather, and allow
the water or sediment to drain. Close the drain
cock as soon s clean fuel runs out. Remove and
discard the old element and install o new element
after every 300 to 500 hours of operation (more
often if conditions warrant} or when the filter ele-
ment becomes clogged. A clogged filter element is
usually indicated by irregular engine performance.

€. Replacement of First Stage
Fuel Filter Element

Close the fuel tank shut-off valve.

Thoroughly clean the filter cover and the
surrounding area. Loosen the drain cock, lo-
cated in the bortom of the filter shell, and
allow the filter to drain.

Loosen the cover screw and remove the cover
screw, cover screw gasket, cover, cover
gasket, and spring as a unit. Remove the
cover gasket from the cover and discard the
gasket.

Remove and discard the element washer,
element gasket, and the filter element.

Reaching inside the filter shell, remove the
element gasket and element washer from
the shell centerbolt and discard.

Thoroughly wash and dry the interior of the
filter shell. Close and tighten the drain cock
focoted in the bottom of the filter shell.

Install o new element washer in position on
the shell centerbolt, then install a new filter
gasket and press the gasket down firmly onto
the element washer.

Install a new element in position in the filter
shell. Place a new element gasket and an



element washer in position on the shell cen-
terbolt and press the gasket down firmly
onte the top of the filter element.

install o new cover gasket in position In the
cover.

10. Open the fuel tank shut-off valve and allow
the filter to A1l with fuel, then install the cover
in position on the filter shell and fighten

the cover screw securely.

Fig. 6 —First Stage Fuel Filter Details
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D. Replacement of Second Stuge

Fuel Filter Elemoent

1. Thoroughly clean the fuel filter head and
the surrounding area. Loosen the drain cock,
located in the bottom of the filter shell, and
allow the filter to drain.

2. Remove the filter shell {with its components)
from the fuel filler head by loosening the
shell retaining nut,
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Remove and discard the filter element. Re-
move the centering guide, element seating
plate, seating plote gasket, metal washer,
and element spring from the shell centerbolt.
Discard the seoting plate gasket, metal
washer, and shell gasket.

Thoroughly wash and dry the interior of the
filter shell. Close and tighten the drain cock
located in the botiom of the filter shell.

Place the element spring {large end down-
ward) in position on the shell centerbolt and
install @ new metal washer over the shell
centerbolt and down against the element

spring.

Install a new seating plate gasket in position
in the element seating plate, then install the
gasket and element seating plate in pasition
on the shell centerbolt.

Instail the centering guide in position on the



shell centerbolt and install a new filter ele-
ment in position in the filter shell. Install a
new shell gasket in position in the filter shell.

8. Hold the filter shell in position under the fuel
filter head and tighten the shell retaining
nut. Remove the vent screw and screw gasket
from the shell retaining nut.

9. With the engine shut-off knob pulled back
{stop position), crank the engine momentari-
ly with the starter until fuel emerges from
the vent screw opening in the shell retaining
nut. Install the vent screw and screw gasket
and tighten the vent screw securely.

10. Start the engine and observe for fuel leaks;
correct any leaks found,

UEL FILTER
EQUIPMENT)’

wmssron SRR 5,
Fig. 8 — Heavy-Duty Fuel Filter Loc

E. Heavy-Duty Fuel Filter
(Special Equipment)

On tractors equipped with o Heavy-Duty Fuel Fil-
ter, service as-follows:

Loosen the drain plug located in the bottom of the
fuel filter housing, before the engine is started ot
the beginning of the day’s operation in warm
weather or shortly after the end of the day's op-
eration in freezing weather and allow the water
or sediment to drain. Tighten the droin plug when
clean fuel runs out. Remove and discard the old
filter element and install a new one after every 300

to 500 hours of operation or when the fuel pressure
drops below 20 pounds per square inch.
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F. Replacement of Heavy-Duty
Fuel Filter Element

1. Close the fuel tank shut-off valve.

2. Remave the droin plug from botom of the
fuel filter housing and then allow the fuel to
drain from the filter. Remove the cover cap-
screws and [ift the cover from the housing.

3. Unscrew the T-handle hold-down assembly
from the center tube and remove the T-han-
dle hold-down assembly and the element
centering plate. Remove the filter element
from the housing by lifting with the pull-out
bail. Discard the filter element and the cover
gasket.

4. Clean the interior of the fuel filter housing
thoroughly and install the drain plug.

5. To assure leak-proof sealing, exumine the



center-tube seal ot each end of the new fil-
ter element to see that the seals are in good
condition and clean. Insert the new filter
element into position in the filter housing
and press the filter element down firmly.

6. Place the element centering plate in posi-
tion on the top of the filter element and in-
stall the T-handle hold-down assembly and
tighten securely.

7. lInstall o new cover gasket in position in the

cover and place the cover in position on the
filter housing. Install the cover capscrews

and tighten evenly and securely.

8. Fill the fuel tank so that there will be suffi-
cient fuel in the tonk to fill the fuel filter by
gravity. Open the fuel tank shut-off valve.

2. Remove the vent plug from the filter cover

and allow the filter to fill with fuel by grav-
Hy. Install and tighten the vent plug when
fuel emerges from the vent pluy opening.

CAUTION: Use only o "DIESELPAK” filter
element in the Heavy-Duty Filter.

5. FUEL PUMP

A, Description

The fuel pump is a constant flow gear type pump,
having a delivery capacity of approximately 35
gallons per hour at 1000 engine R.P.M. with a
pump discharge pressure of 40 pounds per square
inch. The pump is bolted to the rear end of the
blower end plate cover, and is driven by the lower
blower shaft through o self-aligning,
U-shaped, steel coupling. Two steel gears revolve
insicde the pump housing to create a vacuum in the
intake chamber, thus drawing the fuel from the
fuel tank. The fuel is carried around the gears in
the spaces between the teeth and is forced out of
the pump under pressure. The pump driving geor
is mounted on a free-floating type driving gear
shaft and is attached to the shaft by o shear pin.
The pump driven gear is supported in the bore of
the pump housing by its supporting journal, which
is an integral part of the driven gear.

rotor

Two pump shaft oil seals are used inside the statar
at the coupling end. The sealing edge of one oil
seal faces the pump housing and refains the fuel
within the pump, the sealing edge of the other oil
seal faces the coupling end of the stator and pre-
vents engine lubrication oil from entering the
pump. Two (2) drain holes, located between the
two seals, vent to the aimosphere.

A spring loaded relief valve, located on the inlet
side of the pump (left side of pump viewed from
pump housing end), is provided to by-pass fuel
back to the inlef side when the ouflet pressure ex-
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Fig. 10 — Fuel~Pump Location

ceeds 47 to 60 P.5.1. This valve normally does not
open since its purpose is to relieve excessive pres-
sure in case clogging occurs in the fuel lines or
filters.

B, Service

If the fuel pump is to be reconditioned, the pump
assembly must be removed from the engine.

£. Removal of Fuel Pump

. Close the fuel tank shut-off valve.

—

2. Disconnect the two fuel lines from the pump.

3. Remove the three (3) capscrews attaching
the fuel pump to the blower end plate cover.



{(Use the special fuel pump wrench to remove
the copscrew nearest the cylinder block.)
Remove the fuel pump and the drive cou-
pling as o unit, withdrawing the pump
straight from the blower end plate cover.

Rotate the pump driving gear shaft by hand

Remove the eight screws attaching the pump
housing to the stator. Install four (4) cap-
screws ¥4 x 20 NC x 3 in four of the cap-
screw holes so that the heads of the screws
can be tapped with o hammer o separate
the pump stator and the pump housing.

to see if the internal parts of the pump rotate 2. Holding the pump assembly in the hand,
freely. If binding or sticking is evident, tap the heads of the capscrews with o soft
disqssembE}r and inspecﬁon of the pump will hammer, separaﬁng the pump stator and the
be necessary. pump housing. CAUTIOM: DO NOT PRY
PUMP STATOR AND PUMP HOUSING

. Disassembly of Fuel Pump APART,

When repairing the pump, if an oil seal expanding 3. Remove the driven gear from the pump

tool is not available there is considerable danger in housing.

damaging the oil seals when the pump driving

gear shaft is again installed. When installing the 4. Remove the pump driving geor shoft and

shaft, it is very essential to install it without dumage driving gear from the pump stator carefully,

to the oil seals. to prevent damage to the oil seals.

The relief valve assembly may be removed from 5. Remove the dowel pins if necessary.

the pump stator without disassembly of the other

parts of the pump, by remaving the pressure relief 6. I it is necessary to remove the oil seals from

valve plug and jarring the valve parts from the
pump stator,

When removing the relief valve assembly, note the
position of each part so that the ports may be
reassembled in their same relative paosition.

E.

If only the pressure relief valve assembly is to be
inspected, no further disassembly of the pump is
necessary. If the pump is to be dismoniled, proceed
as follows:

I

the pump stator, a tool of the proper design
snould be used 1o prevent damage to the
seals.

Inspection of Fuel Pump Paris

Wash the fuel pump parts in clean fuel or
solvent and inspect carefully. The oil seals,
once removed from the pump, should be re-
placed with new seals. if the sealing edges
of the oil seals are damaged in any way, so
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1.

that they do not form a perfect seal around
the driving geor shaoft, either o fuel leak or
a lubricating oil leak will result.

Inspect the pump gears, If the gears are
slightly worn on the involufe surfaces, they
should be replaced as on appreciable
amount of wear on the gears will affect the
delivery capacity of the pump.

Inspect the driving gear, located on the driv-
ing gear shaft. The shear pin securing the
driving gear to the shaft must be tight. Re-
place parts if necessary.

Check the fit of the pump gedrs in the bores
of the pump stator and the pump housing.
It the pump stator and the pump housing are
worn or scored, causing looseness, the pump
assembly must be replaced.

Inspect the surfaces inside the pump stator
and the pump housing which are contacted
by the gear faces. If the surfaces show ex-
cessive wear or scoring, the pump assembly
must be replaced.

When the fuel pump is overhauled, it is rec-
ommended that the pressure relief valve
plunger ond spring be replaced. Replace-
ment of these parts may prevent difficulties
in pump operation in the future,

F. Assembly of Fuel Pump

install the inner oil seal in position in the
pump stator, with the sealing edge of the
oil seal toward the pump housing.
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Install the outer ot seal in position in
the pump stator, with the sealing edge of the
oil seal toward the coupling end of the

pump.

Lubricate the driving gear shaft and the oil
seals and install the shalt (with driving gear
in place) in the pump stator, Push the shaft
through the oil seals being careful not to
cguse damage to the oil seals. Use an oil
seal pilot tool on the drive end of the shaft
if tool is available.

Place the driven gear in position in the pump
housing. Lubricate the gears with engine oil.

Coat the machined attaching surfaces of the
pump stator ond the pump housing with o
commercial non-hardening sealing com-
pound. CAUTION: Do not get any sedling
compound inside the pump. Place the pump
housing in position on the pump stator, turn
the driving gear shaft to mesh the gear teeth,
and push the pump stator and the pump
housing together. Install the attaching screws
and lockwashers and tighten securely.

Turn the pump driving gear shaft and test
it for bind. The shaft should turn smoothly,
with a slight drag, but should not bind or
have tight spots.

Install the pressure relief valve parts, making
certain that the parts are installed properly
in their respective positions.

Install the tuel pump on the engine by direct
reversal of the removal procedure.



6. FUEL INJECTORS

A. General

A fuel injector is provided for each cylinder. Each
fuel injector combines in a single unit all the parts
necessary to meter, atomize, and inject the re-
quired amount of fuel into the combustion cham-
ber of the cylinder. The fuel is injected under high
pressure at the end of each compression stroke
and mixes with the charge of air that has been de-
livered 1o the cylinder by the blower. Since there
is an injector for each cylinder, o complete and
independent injection system for each cylinder is
thus provided.

The injectors are mounted in the cylinder head,
with their spray tips projecting slightly through the
cylinder head and into the combustion chambers.
A clamp holds each injector in place in a waoter-
cooled copper tube which passes through the cyl-
inder head. The tapered lower end of the injector
seats in the copper tube and forms a tight seal to
withstand the high pressure inside the combustion
chamber.

The Model “HD-9B” and "HD-9F“ Tractors are

equipped with 55 cu. mm. fuel injectors. The Model
"HD-9G" Tractors prior to Serial No. 2698 are
also equipped with 55 cu. mm. fuel injectors. The
35 cu. mm. injectors are idenfified by an orange
colored injector identification tab marked “55.
However, effective with “HD-9G" Tractor Serial
No. 2698, all “HD-9G” Tractors are equipped with
70 cu. mm. fuel injectors. The 70 cu. mm. injectors
are identified by a black colored injector identifica-
tion tab marked “70” or “"HV7.” The primary differ-
ence between the injectors marked 707 and the
injectors marked “HV7* is that the “HV7" injectors
incorporate a “high valve” arrangement.

B. Operation

The operation of the 55 and the 70 cu. mm. fuel
injectars is basically the same. The cross section of
the unit fuel injector (55 cu. mm.) illustrated in Fig-
ure 13, shows the various fuel injector parts. Fuel
is supplied to the injector under pressure and en-
ters the body of the injector at the top, through
the filter cap. After passing through the porous
metal filter in the inlet poassage, the fuel fills the
annular supply chamber between the bushing and
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the spill deflector. The plunger operates up and
down in this bushing, the bore of which is con-
nected to the fuel supply in the annular chamber
by two funnel-shaped ports.

The motion of the injector rocker arm is trans-
mitted to the injector plunger by the plunger fol-
lower which bears against the follower spring. In
addition to this reciprocating motion, the injector
plunger can be rotated in operation, around its
axis, by a plunger gear which is in mesh with the
injector control rack. An upper helix and lower
helix, or cut-off, are machined into the lower end of
the plunger for metering purposes. The relation of
these helixes to the two ports changes with the ro-
tation of the injector plunger.

As the injector plunger moves downward, the fuel
in the high-pressure chamber or bushing is first
displaced through the ports, back into the supply
chamber, until the lower edge of the plunger
closes the lower port. The remaining fuel is then
forced upward through the center passage in the
injector plunger, into the recess between the upper
helix and the lower helix from which it can still flow
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Fig. 13 — Fuel injector Assembly
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INJECTOR BODY

PLURNGER GEAR

CONTROL RACK

back into the supply chamber, until the upper helix
closes the upper port. At this point both the upper
and the lower ports ore closed, und the fuel re-
maining under the injector plunger is then forced
through the spray tip into the combustion chamber.
The rotation of the plunger, by changing the posi-
tion of the helix, retards or advances the dosing
of the ports and the beginning and end of the in-
jection period, ot the same time controlling the
amount of fuel which remains under the injector
plunger for injection info the cylinder.

On the upward movement of the injector plunger,
the high pressure chamber in the injector is again
filled with fuel through the porfs. The constant cir-
culation of fuel through the injectors renews the
fuel supply in the chamber, helps to maintain even
operating temperatures of the injectors, and effec-
tively removes all traces of air which might other-
wise accumulafe in the system and interfere with
the accurate metering of the fuel. The fuel injector
outlet opening, which returns the excess fuel sup-
plied by the fuel pump, is adjacent to the inlet
opening, and is protected against dirt or other
foreign material by a porous metal filter, exactly
like the one on the inlet side.



€. Fuel Injettor Service

Because of the important part the fuel injector
plays in the operation of the engine, the necessity
for proper care and cleanliness of these units can-
not be over-emphasized. The instructions below
must be carefully followed in connection with in-
jector service:

1. Whenever the fuel lines are removed from
an injector, which is instafled in the engine,
protect the fuel fittings with shipping caps fo
prevent dirt from entering the injector and
the fuel system.

2. After an injector has been operated in an
engine, the injector filter caps and filters
should not be removed from the injector
while the injector is installed in the engine.
If the filter caps and the filters are to be
removed, the injector must be completely
disassembled and cleaned.

3. Whenever an injector has been remaved and
reinstalled, or « new injector has been in-
stalled in the engine, the injectors must be
timed and equalized. Refer to “INJECTOR
TIMING” and “INJECTOR EQUALIZING” in
this section,

Any used or rebuilt injector must be tested
before it is installed in an engine. Refer fo
“TESTING INJECTOR” in this section.

B. Fuel Injecior Removal

1. Remove the air pre-cleaner and the engine
hood. Clean off the rocker cover and re-
mave the cover from the cylinder head.

2. Disconnect and remove the two injector fuel
lines from the injector. Install shipping caps
an the fuel fittings to prevent dirt from en-
tering the injector and the fuel system,

If necessary, crank the engine with the start-
er until the rocker arm clevis pins (at push
rod end of arms) are in line, then turn the
rocker shaft bracket bolts out of the cylinder
head and swing the rocker orm ossembly
away from the injector and valves. CAU-
TION: Push rods may be bent if the upper
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ends are not aligned when swinging the
rocker arm assembiy away from the injecfor

crd valves.

4. Remove the nut from the injector clamp
hold-down stud; remove the special washer
and the injector clopmp.

5. Insert the end of the injector removing tool

under the shoulder at the side of the injector
body and pry the injector from its seat. Dis-
engage the control rack from the control
lever as the injector is lifted up and out.

ROCKER SHAFT
BRACKET BOLT

E. Fuel Injector Disassembly

Before starting to disassemble a fuel injector, it is
necessary to have an extremely clean work bench
on which to work and to store the parts. Cleanli-
ness for the injector and its parts is emphasized
because practically all injector service troubles are
directly due to dirt, or other foreign material, en-
tering the injectors. Use cleon paper on the work
bench, and, after the injector has been disassem-
bled, place the loose parts in o pan of clean fuel
as protection dgainst dirt and corrosion. Leave the
parts in the clean fuel until needed for reassem-
bly. When more than one injector is disassembled,
it is necessary to keep the parts of each injector
separate. The plungers MUST always be fitted with
the same bushings from which they were removed.

NOTE: The spray tip, valves, and valve seafs may
be removed, cleuned, or replaced without disas-
sembling the entire injector, by performing steps 4
through & in the following disassembly procedure.



Before removing the spray fip, test the injector for
free movement of the plunger by pressing down
on the plunger follower with the thumb and fore-
finger. Also turn the injector from side to side to
see if the control rack moves back and forth in the
injector by its own weight. If binding of the plunger
or the control rack is evident by these tests, com-
plete disassembly and inspection of parts will be
required. The repair of an injector should not be
attempted unless special injector tools, described in
the following procedure, are available.

The following procedure for disassembly, inspec-
tion, reconditioning, and assembly pertains to the
55 cu. mm. fuel injectors and will bosically apply
for the 70 cu. mm. injectors, However, the injector
valve arrangement for the 70 cu. mm. injectors
differs from the valve arrangement for the 55 cu.
mm. injectors. When rebuilding an injector, refer
to the proper illustrations for the particular injector
being rebuilt ond assemble the valve parts in their
proper sequence,

Disaszemble the fuel injector as follows, placing ol
parts in a pan of clean fuel as they are removed.

IMPORTANT: Before discssembly, refer fo preced-
ing puragraph.

1. Place the injector in an injector holding fix-
ture and place the fixture in o vise, with the
spray tip end of the injector down. Make
sure the injector control rack is not bound
or bent when clamped in the fixture, Loosen,
but do not remove the two injector filter
caps.

Using o screwdriver as shown in Fig. 15,
raise the follower spring, and aof the same
time hold down on the top of the plunger
follower, and withdraw the stop pin. Allow
the follower spring to raise to its free length
position ofter the stop pin is removed.

Raise the plunger follower until the plunger
is withdrawn from the injector body. Remove
the follower spring ond separate the plunger
from the plunger follower.

Clamp the injector in the halding fixture,
with the spray fip end of the injector up, as
shown in Fig. 16. Using on injector nut
wrench, loosen the injector nuf. Unscrew
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the injector nut from the injector body, then
carefully roise the nut from the spray tip
so that the sproy fip and the other small
parts resting on the end of the bushing will
not be dislodged. If the injector has been in
use for some time, the spray tip will possibly
he removed with the injector nut. In this
event, drive the spray tip from the injector
nut using a holiow steel rod. CAUTION: DO
NOT DRIVE DIRECTLY ON THE END OF
THE SPRAY TiP AS DAMAGE TO THE TiP
WILL RESULT.

INJECTOR NUT WRENCH

£

INJECTOR NUT

_INJECTOR
HOLDING




5. Carefully lift the spray tip, lower valve stop,
lower valve spring, lower valve, valve cage,
upper valve stop, upper valve spring, upper
valve, and upper valve seat from the
bushing.

6. “Jar” the spill deflector from the injector nut
{if it remained in the nut) or lift it from
around the bushing. Remove the bushing
from the injector body.

7. Remove the injector body from the holding
fixture and “jor” the gear retainer and
plunger gear from the injector body. Pull

the control rack from the injector body.

8. Remove the two filter caps, springs, and the

filters from the injector body.

F. Cleuaning, Inspection, ond Recondi-
tioning of Fuel Injector Paris

Wash the hands thoroughly and clean all the in-
jector parts in clean fuel or carbon tetrachloride.
Dry the parts with compressed air that is free from
dust and moisture, Blow through all the passages
in the injector body and all the drilled holes, slots,
etc., in the other parts. Waste or rags should never
be used for cleaning the injecior parts, since this
would leave lint which could collect on and clog
the parts of the injector when assembled. Toilet
tissue is o good and inexpensive material for wip-
ing injector parts offer cleaning,

Many of the close-fitting parts in the injector are
carefully lapped, therefore, if any of the internal
working ports of the injector are scored or dam-
aged, they are unfit for further use and must be
replaced.

After the injector has been disassembled and all
the parts carefully cleaned in carbon tetrachloride
or fuel, they should be protected from dirt by stor-
ing in clean fuel until the injector is reassembled.

1. Reaming Injector Spray Tip

Insert the reamer, included in the injector
tool kit, into the spray tip, press lightly, and
turn with the fingers to remove any carbon
or foreign material from the tip. After thor-
oughly reaming, clean outshe tip with com-
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pressed air,

The 55 cu. mm. fuel injectors have six (6) and
the 70 cu. mm. fuel injectors have seven
(7) .006 inch fuel holes in the spray tip.
Clean these fuel holes with the 006" wire
and holder furnished with the injector kit.
Before using the wire, remove any sharp
burrs from the wire by honing it on the stone
included in the injector tool kit.

After the spray fip has been reamed and the
fuel holes in the spray tip cleaned, blow out
loose particles with compressed air. Then
again ream the spray tip, cean the fuel
holes, wash the tip with carbon tetrachloride,
and blow out with compressed air. Discard
the spray tips if the diameter of the fuel holes
exceeds .008".

INJECTOR
SPRAY TIP

Fig. ISmCicm‘m Fuel Holes in Injecior & |
Spray Tip
2. Valves and Seats

Thoroughly wash the injecter valve com-
ponents and inspect, If the valve components
are chipped, pitted, or otherwise damaged,



they must be replaced.

If the flat sealing surfaces of the injector
valve components and the lower end of the
bushing show discoloration only, they may
be lapped on a piece of plate glass or on o
lapping block. Use “Carborundum H-40"
medium lopping cream, “Norfon Alundum

600" grain size, or equivalent. Before lap-
ping the valve compenents, refer o Fig. 19

showing the ports which may require lap-
ping for the 55 cu. mm. and the 70 cu. mm.
injectors.

\o Fig. 79 — Surface of Injfecior Valve Components |

85 CU. MM, INJECTOR
Identifiedt by QRAMNGE tab marked #557

A Daeome -m/:()@)@

70 CU. MM, INJECTOR
deasified by BLACK tob morked "707

(o Qowemaldis{ _U@T D

70 QU MM, INJECTOR
Identified by BLACK tab marked "HVZ"

Which May Require Lupping

Spread the lopping cream on the lapping
block, grasp the part to be lapped firmly
with the thumb and the forefinger, and lap
using a “figure eight” motion. Always exer-
cise care to keep the parf flat on the lapping
block. After several strokes, thoroughly
clean the part with fuel, dry, and inspect the
surfaces by holding it to the light to observe
the differences of light reflection as an in-
dication of the fatness. If the surface is per-
fectly flat, it will present a uniform appear-
ance when held to the light and rotated.

To obtain a flat mirror finish and thus high
popping pressure of the injector, “finish lop”
the parts on the lapping block after the black
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has been cleaned with a bristle brush, rinsed
in fuel or kerosene, and dried with com-
pressed air.

As frequent refacing of the lapping blocks
will produce top quality work, it is advisable
to have two grooved lapping blocks on hand
and mainfain their surfaces flut and free
from worn or low spots. To remove these
spots, hand lap one lapping block on an-
other, using fine grain lapping compound.
Protect the lapping blocks, when not in use,
against dust and damage by enclosing them
in a close fitting wooden container.

injector Plunger and Bushing

Clean the injector bushing by immersing it
in a container of carbon tetrachloride or fuel
and working o brush through the bushing.
Clean the plunger with compressed air and
again wash it in clean carbon tetrachloride
or fuel. For final cleaning, wrap toilet tissue
around an injector bushing cleaner tool, or
similar rod, and rotate this rod in and out
through the bushing. The injector plunger
should move freely in the bushing. Worn,
scored, or scratched injector plungers and
bushings MUST be replaced. The plunger
and bushing are serviced only in matched
sets,

Injector Nut

Clean the seat and the bore in the injector
nut {for the spray tip) with a spray tip ream-
ing tool. The tool does not cut but merely
cleans the seat in the injector nuf and also
removes carbon or other deposits from the
bore at the lower end of the nut. Clean the
inside of the injector nut thoroughly with
one of the brushes provided in the injector
tool kit.

Injector Filters

Cleaning of the injector filters is not recom-
mended. If the injector has not been in use
over an extended period and the filters are
removed, they can possibly be usad again
if ﬂwy are reinstalled in the same opening in
the inje ; JHody from which they were re-




moved. CAUTICMN: Do nof swiich the inlef
filter to the outlet side or vice versa.

6. Injector Control Rack and Gear

Inspect the teeth of both the injector rack
and the gear corefully. Remove any burrs or
rough spots from the rack and the geor; re-
place with new parts if they are worn or
bind in the injector.

G. Injector Assembiy

When assembling an injector, the room in which
the work is being done must be clean and free from
flying dust. The mechanic’s clothes and hands, the
work bench, and the tools used must be clean. The
cleared injector parts should remain in o pan of
clean fuel until reassembly, then each part should
be token from the pan and assembled in the in-
jector. Care must be used when assembling. NOTE:
The following procedure for assembiy pertains to
the 55 cu. mm.fuel injectors and will basically apply
for the 70 cu. mm. injectors. However, the injector
valve arrangement for the 70 cu. mm. injectors dif-
fers from the valve arrangement for the 55 cu. mm.
injectors, When assembling the injector, refer to the
proper iflustration for the particular injector be-
ing rebuilt ond assemble the parts in their proper
sequence.

1. Install Injector Filters

a. Hold the injector body, right side up,
and place an injector filter in each of the
two fuel cavities. NOTE: When installing
injector filters that have been used, it is
important that each filter is reinstalled
in the sume cavily from which it was re-
moved. Even though the fillers may hove
been washed as thoroughly as possible
and dried with compressed air, particles
of dirt may remain in them that would
be washed into the injector and couse
damage if the filter removed from the
outlet side is installed in the inlet side.
If the filters have been mixed, the outlet
filter can usually be identified by its be-
ing darker in color on the inner {botiam}
side while the inlet filter will be discol-
ored most on the outer side.
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IMPORTANT: The injector filters hove o
shoflow covity or dimple in the center;
instafl the flters with the “dimpled” end
down.

b. Place the inlet filter in the fuel covity of
the injector body that has the timing
gage hole locoted near its edge and
place the outlet filter in the other fuel
cavity. Ploce a filter spring on each filter
and a new copper gasket in position on
each filter cap. Lubricote the threaods,
install, and tighten the filter cops to «
torque of 65 to 75 pounds feet.

FILTER CAFS

i

COPPER GASKETS

INJECTOR BODY

. Fiy. 20 —Injector Filiers, Springs, and Caps

2. Install Injector Conirol Rack
and Gear

Chbserve the injector control rack «and gear
and note that two of the teeth of the control
rack have o punch mark; also, one tooth of
the gear is similarly marked. When the con-
trol rack and the geor are properly installed,
the marked tooth on the gear is engaged be-
tween the two marked feeth on the control
rack. This relation of the control rack and
the gear MUST be maintained for proper
timing of the injector.



Hold the injector body, bottom end up,
and insert the control rack into the hole
in the injector body so that the two
marked teeth on the control rack can be
seen when looking into the gear bore in
the injector body.

Holding the control rack in position so
the marked teeth can be seen, drop the
gear into the injector body so that the
marked tooth on the gear is between the
two marked teeth on the control rack.

Insert the gear retainer down on top of
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the gear and place the bushing in posi-
tion on the gear retainer, with the locat-
ing pin in the bushing inserted into the
slot in the injector body.

Place the injector body in an injector
holding fixture and clamp in a vise, with
the bottom end of the injector up. Use
care and do not bind or bend the control
rack in the injector body when placing
in the vise. Install the spill deflector over
the bushing then place a new seal ring
over the bushing and down against the
shoulder of the injector body.
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Assembly of injector Spray Tip
and Yalves

NOTE: The following procedure for assem-
bly of the injector spray tip and valves per-
tains to the 55 cu. mm. fuel injecfors and
will basically apply for the 70 cu. mm. in-
jectors. However, the injector vulve arrange-
menf for the 70 cu. mm. injectors differs from
the valve arrangement for the 55 cu. mm.
tnjeciors. When assembling the injecfors
refer to the proper illustrofion for the par-
ticular injector being rebuilf and assemble
the paris in their proper sequence.

a. Holding a valve spring with the fingers,
insert o valve in one end of the spring
and insert a valve stop in the opposite
end of the spring. Insert these three parts
into position in the valve cage, installing
the end with the valve stop first.

b. Place the valve seat in position over the
valve, which was installed in the valve
cage, and place this assembly in position
on the bushing.

c. Holding the other valve spring with the
fingers, insert o valve in one end of the
spring, and insert o valve stop in the
opposite end of the spring. Insert these
three pieces into position in the spray tip,
installing the end with the valve stop
first. Place the spray tip {with valve stop,
spring, and valve) in position on the
valve cage.

d. With the injector body still positicned in
the injector holding fixture, place the
ho'low end of the spray tip driver toel,
or a length of small copper tubing, down
through the opening in the small end
of the injector nut. Holding the injector
nut and the tool in one hand, and hold-
ing the spray tip assembly in place on the
bushing with the other hand, lower the
injector nut down over the spray tip.

e, With the valves and the spray fip held
in position with the tool, screw the in-
jector nut onto the injector boedy, making
certain that the valve assembly has not
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4.

shiffted. Do not force the injector nuf,
even by hand, while screwing it onto
the injector body. The injector nut can
be turned down within 1/16" of the
shoulder of the injector body with the
thumb and finger, i the valve assembly
is lined up properly. If the shoulder in-
side the injector nut strikes the edge of
the valve cage ond the nut does not
screw on easily, shift the valve assembly
slightly by turning the spray tip. Iif the
injector nut and the valve assembly can-
not be brought into line in this manner,
the nut will hove to be removed and the
valve assembly again centrally located
on the end of the bushing. Tighten the
injector nut to o torque of 55 to 65
pounds feet. CAUTION: DO NOT OVER-
TIGHTEN.

Install Plunger and Plunger
Follower Assembly

NOTE: The following procedure for assembly
of the plunger and plunger follower per-
tains fo the 55 cu. mm. fuel injectors and will
basically apply for the 70 cu. mm, injectors,
When assembling these poris, refer fo the
proper illustrations for the particular injector
heing rebuilt and assemble the paris in their
proper sequence.

a. Invert the injecior in the holding fixture
so that the injector is right side up. Place
the follower spring down over the fol-
lowsr neck of the injector body. Insert
the top of the plunger into position in the
slot in the lower end of the plunger fol-
lower,

b. MNotice the position of the flat on the in-
side of the plunger gear, and turn the
plunger so that the flat of the plunger
will register with the flat in the plunger
gear when the plunger is inserfed into
position in the injector.

c. With the flat of the plunger aligned with
the flat of the plunger gear, lower the
plunger and the plunger fallower into
the injector. Line up the slot in the plung-



or follower with the hole in the injector
body for the stop pin. Insert o screw-
driver, or a follower spring lifter tool,
beneath the lower end of the follower
spring, push down on the top of the
plunger follower, and, raising the fol-
lower spring at the some time with one
hand, insert the stop pin with the other
hand (refer to Fig. 15). The stop pin can
be inserted into place as soon os the slot
in the plunger follower and the hole in
the iniector body align. When the follow-
er spring is released, the spring will lock
the stop pin in place.

d. Remove the injector from the holding fix-
ture, Hold the injector horizontal and
turn it from side fo side. If the injector
has been properly assembled ond the
parts are not binding, the control rack
will move back and forth by its own
weight.

M. Testing Injector

After on injector hos been repaired or overhauled,
it should be tested before it is installed in an engine
or put aside for future use. When in doubt about
an injector functioning properly, a test will usually
indicate the difficulties quickly. Two tests are rec-
ommended on the injector: {1} “popping” test; (2}
pressure test, The "popping” test consists of operat-
ing the plunger to see that oll parts are functioning
properly and to open the check valve suddenly,
which will usually remove any small foreign par-
ticles in the fuel, or on the injector parts, that
might prevent proper operation. The test is made
as follows:

1. Place the injector in on injector holding fix-
ture and clomp in o vise. Screw the bolt of
the popping tool into the tapped hole in the
holding fixture and tighten the lock nut. In-
troduce clean fuel into one of the injector
openings in the filter caps by means of an
oil can, until the injector is completely full
and fuel flows from the other opening. Place
a glass beaker under and surrounding the
injector spray tip so that fuel injected from
the spray tip is caught by the beaker. CAU-
TION: Always use o beaker and keep the
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hands away from the spray tip when “pop-
ping” an injecfor, as the finely atomized fuel
from the spray tip is ejected with such force
that it will penetrate the skin and may couse
blood poisoning.

Push the injector control rack all the way in
to the full open position and work the in-
jector plunger follower up and down several
times with the popping tool. Observe if fuel
is discharged from all six {(6) fuel holes in the
spray tip of the 55 cu. mm. injectors or seven
{7} fuel holes in the 70 cu. mm. injectors.
Keep the injector filled with fuel from the oil
can and press the handle of the popping teool
down on the plunger follower with quick me-
tions. It may require a few minutes of this
aperation before the injector valves will seat
and a “chirping” sound will be heard.

AIECTOR

FRING TR

f

Fig. 24— “Popping” the Injector
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Fig. 25 — Pressure Testing injecior




2. Pressure test of the injector requires the use

of o test fixture similar to that shown in Fig.
25. The injector is installed in the stand of
the fixture and o fuel line from the hydraulic
pump is connected to the injector. A pressure
goge of the fixture registers the pressure re-
quired to spray fuel from the injector spray
tip. Check the injector “popping” pressure
by working the hydraulic pump handie uvp
and down with smooth even sirokes, ot the
same time observe the pressure gage and
note at what pressure the injector valves
open. This pressure should be between 1000
and 1500 pounds per square inch for the 55
cu. mm. injectors and between 750 and $00
pounds per square inch for the 70 cu. mm.
injectors.

Check for leaks around the seal ring located
af the vpper end of the infector nut, control
rack, spray tip, and fuel connections, by op-
erating the hydraulic pump handle until the
prassure is just below the injector “popping”
pressure. f o slight amount of fuel dribbles
from the spray tip, “pep” the injector severq!
times sharply with the injector popping tool
handle. This will usually clear the injector
of small fareign particles that may be pre-
venting the injector’s valves from seating
properly. If o fuel dribble cannot be stopped
in this manner, remove the injector nut and
clean the volve parts os outlined under
“VALVES AND SEATS.”

Fuel leaking from around the control rack is
usually an indication that fuel is leaking past
the plunger. In this case a new plunger and
bushing must be installed in the injector.

Check the pressure drop of the injector by
pumping the hydraulic handle and “pop-
ping” the injector sharply, then close the fuel
valve between the pump and the pressure
gage, and note the pressure drop indicated
by the gage. When checking the pressure
drop for & 55 cu. mm, infecter, o drop net o
exceed 600 pounds (from 1000 to 400) in
50 seconds on a new injector, or the same
drop, in 35 seconds on o used injector is
permissible. When checking the pressure
drop for the 70 cu. mm. injectors, a drop not
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to exceed 200 pounds (from 750 to 550) in
50 seconds on o new injector, or the same
drop in 35 seconds on o used injector is per-
missible.

If the injector functions satisfactorily through-
out the above test, it has been properly re-
conditioned and may be used. If it does not
function properly, disassemble and inspect,

I. Injector Installotion

1.

With the engine hood and the rocker cover
removed, inspect the injector copper tube
located in the cylinder head to be sure that
no dirt, grit, or oil is present which will pre-
vent the injector from making o tight seal in
the copper tube. Insert the injector into the
copper tube in the cylinder head, aligning
the dowel in the bottom of the injector body
with the dowel hole in the cylinder head. As
the injector is lowered into the copper tube,
engage the injector control rack with the
control rack lever.

Place the injector clamp on the injector
clamp stud and center the side arms of the
clamp in the machined recesses of the in-
jector body. Drop the injector clamp washer
over the stud, with the “dished out” side of
the washer down. Tighten the injector clamp
nut to a torque of 20 to 25 pounds feet.

Swing the rocker arms over onfo the valves
and the injector and install the rocker shaft
bracket bolts. If the rocker shaft brackets
were remaved, they must be installed on the
rocker shaft with the machined sides of the
brackets facing the valve rocker arms. When
fghtening the rocker shaft bracket bolts,
hold the rocker arms and brackets together,
allowing the total of about 006" clearance
between these parfs. Tighten the rocker shaft
bracket bolts to a torque of 90 to 100
pounds feet.

The injector must now be timed and equal-
ized. Refar to “INJECTOR TIMING” and “IN-
JECTOR EQUALIZING.” Remove the ship-
ping caps from the fuel fittings on the in-
jectors and from the fuel pipe connectors
and install the injector fuel lines. Check the



adjustment of the valve rocker arms (refer to
“YALVE ADJUSTMENT” in Section IX}. Start
the engine and inspect the fuel line connec-
tions fo be sure that there are no tuel lewks.

Install the rocker cover, engine hood, and
the air pre-cleaner.

J. Injector Timing

1.

General

Timing of each fuel injector consists of prop-
erly locating the top of the injector plunger
follower in relation to the injector body so
that the fuel will be injected into the cylin-
ders at the proper time. This is done with
the injector installed in the engine.

The model HD-98 and HD-9F tractors are
equipped with 55 cu. mm. fuel injectors
which require that the top of the injector
plunger follower be set 1.484 inches above
the injector body so that the fuel will be in-
jected into the cylinders at the proper time.

The model HD-9G tractors prior to Serial No.
2698 are also equipped with 55 cu. mm. fuel
injectors which require the same setting as
given ubove for the HD-9B and HD-9F trac-
tors. However, effective with HD-9G Serial
No. 2698, all HD-9G tractors are equipped
with 70 cu, mm. fuel injectors which require
that the top of the injector plunger follower
be set 1.4460 inches above the injector body
so that the fuel will be injected into the cyl
inders at the proper time.

2. To Time Fuel injectors

o With the engine stopped, remove the uir
pre-cleaner, engine hood, and rocker
cover.

b. Make certain that the engine shut-off
knob is pulled back to the “OFF" posi-
tion. Rotate the engine with the starter
until the two exhaust valve rocker arms
for the sume cylinder are down and the
valves are fully opened.

¢. Use the correct fiming gage (gage stamp-
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ed 1.484 for 55 cu. mm. injectors and
stamped 1.460 for 70 cu. mm. injectors)
and place the timing gage in the hole in
the injector body. Make certain that the
shoulder at the bottom end of the gage
rests on the injector body and that the
gage is not held up by dirt in the hole.
Turn the gage so that the extended head
{flat portion) of the gage is toward the
injector plunger follower.

d. Loosen the injector push rod lock nut
and turn the push rod into the push rod
clevis as necessary fo raise the plunger
follower or out of the push rod clevis as
necessary to lower the plunger follower
until the proper timing is obtained. When
the injector is properly timed, the bottom
{flat part of the gage head) will just pass
over the top of the injector plunger fol-
lower. The timing gage must be held
perpendicular to the tep surfuce of the
infector body while performing this ad-
justment.

e. Tighten the injector push rod lock nut
and recheck to be sure the timing was
not changed by tightening the lock nut.
Install the rocker cover, engine hood,
and the air pre-cleaner.

7t

Fig. 26 —Injector Timing




K. injecior Equalizing

1.

General

Equalizing of the fuel injectors consists of
adjusting the injector rack conirol levers so
that an equal amount of fuel is delivered to
each cylinder. The greatest amount of fuel
is injected into the cylinders when the in-
jector control racks are moved dll the way
in; no fuel is injected when the racks are
moved all the way out. The engine will run
unevenly or detonate (knock) if the injectors
are not equalized.

To Equalize Fuel Injectors

a. With the engine stopped, remove the air
pre-cleaner, engine hood, and the rock-
er cover.

b. Make certain thot the injectors are
properly timed and that the linkage for
the governor and the engine controls
are properly adjusted (refer to “EN-
GINE CONTROLS AND GOVERNOR
in Section VI

c. Leosen both adjusting screws on all of
the rack control levers. Be sure the
screws do not bind, that the levers are
free on the rack control tube, and the
tube rotates freely in its bearings.

d. Push the engine shut-off knob all the
way In {run position} and pull the throt-
fle lever all the way back (wide open).

e. Push the control tube lever toward the
water manifold as for as possible and
hold it firmly in that position.

f. Use o medium sized screwdriver and
turn down the inner adjusting screw on
the No. 1 rack control lever until the No.
T injector control rack moves in as far as
it will go. At this point a slight pressure
will be felt on the control tube lever.
Roll the screwdriver back and forth with
the finger tips to set the screw af the
exact point where pressure starts (con-
trol rack just “bottoming” in injector —
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OVERNOR-TO-INIECTE

Fig. 27 —Injector Equalizing

OUTER ADJUSTING SCREW
N, CONTROL TUBE
LEVER

INNER ADJUSTING scrgsw\

INJECTOR
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full open position}.

Repeat this process en the remaining in-
jector control racks.

still helding the control tube lever firmly,
as in step e., check each injector con-
trol rack to see that none have been
fissed in moking the adjustments and
that each rack is gently held in the full
open position,

Now tighten each outer adjusting screw
to lock the rock control levers in place
on the control tube. This will also move
the injector control racks outward a few
thousandths of an inch to prevent "bot-
toming” of the injector control racks in



the injectors during full load operation
of the engine.

i- Install the rocker cover, engine hood,
and the air pre-cleaner,

7. INJECTOR COPPER TUBES

A. Description

As will be seen by referring to Fig. 12, the bore in
the cylinder head for each injector is directly
through the water jacket of the head. To prevent
the engine coolant from contacting the injector, o
copper tube, shaped to receive the injector, is in-
stalled in the injector bore of the cylinder head.
This tube is sealed at the top with a packing ring
and is spun into o flare on the lower side of the
cylinder head to form water-tight joints at top and
bottom. The coolant in the cylinder head flows
around this copper tube and helps to cool the
injector.

B. Injector Copper Tube Removal

When it is necessary to remave an injector copper
tube, the operations may be carried out with the
special tools as shown.

1. Remove the cylinder head from the engine
os described in “CYLINDER HEAD REMOV-

ALY in Section X,

2. Remove the rocker shofts, rocker shaft brack-
ets, and unscrew the rocker arms from the
push rods. Remove the exhaust valves (refer
to "EXHAUST VALVES ARND OCPERATING
MECHANISM” in Section IX).

3. Remove the fuel injector from the cylinder
in question (refer to “INJECTOR REMOVAL"
in this section).

4. Support the cylinder head, top side up, on
blocks and screw the special tap down into
the upper end of the copper tube us shown
in Fig. 30. Remove the tap.

5. Screw the special bolt down tight into the
threads produced in the copper tube by the
tap, then place the sleeve over the threaded
shank of the bolt. Place the flat washer over
the bolt and on top of the sleeve, then start
the nut onto the bolt and tighten the nuf to
withdrow the copper tube from the cylinder
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NUT

SLEEVE

. Fig, 29 — Remover Toels for Injocior Copper Tube _

Fig. 30 — Tapping Injector Copper Tube
head.

€. Injector Copper Tube Installation

1. Clean the hole in the lower side of the cyl-
inder head and scrape any remnants of the
old packing ring from the counterbore in the
top of the cylinder head.

2. With the cylinder head supported on blocks,
tap side up, install the packing ring in posi-
tion in the counterbore of the cylinder head.



3. Force the injector copper tube through the
packing ring ond down into the bore in the
cylinder head. Insert the driver tool into the
copper tube and drive the tube firmly into
position in the head. When the copper tube
is properly located, the flange ot the upper
end of the copper tube will seat on the pack-
ing ring and into the counterbore in the
cylinder head.

Fig. 31 — Removing Injector Copper Tube
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Fig. 32 — Injector Copper Tube Flaring Tool

4. After the copper tube hos been driven into
place, the lower end of the tube must be
flared out to lock in place. Use the driver,
spinning die, and nut for this eperation as
fo!iowﬂ:
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o. Suitably support the cylinder head on «
work bench and install the driver into
the copper tube, with the small threaded
end of the driver extending through the
opening at the lower end of the copper

tube.

b. Place the spinning die over the threaded
end of the driver as shown in Fig. 33.

c. Install the bearing acbove the spinning

die and sigrt the aut.

d. While maintaining light tension on the
nut, gently fap on the large end of the
driver to firmly seat the copper tube and
upset the small end of the tube.

Pluce o 002" feeler gage betwesn the
cylinder head and the spinning die, as il-
lustrated in Fig. 33, then, with light ten-
sion on the nut, rotate the spinning die
and flare the lower end of the copper
tube into the cylinder head recess until a
drag is felt on the feeler gage. Remove
the copper tube flaring tools.

FEELER GAGE
COPPER TUBE

| Fig. 33 — Flaring End of Injector Copper Tube __|

5. The injecfor copper tube must now be reom-
“ed; first, to receive the injector nut and the
spray fip: and second, for good seating of
the bevel on the lower end of the injector
nut. Reaming the copper tube to i#s proper



size for the injector nut and the spray tip is
accomplished by the use of the reamer il FEED SCREW:
lustrated in Fig. 34. Reaming the bevel seot
in the copper tube is accomplished by use of
the bevel seat reamer shown in Fig. 35 as
follows:

e CLAMP BOLT

SHOULDER |

CYUNDER
- “" " HEAD
a. Insert the injector copper tube bevel seat

reamer into the tube and place the ream-
er feed plate and the block in position on
the cylinder head as illustrated in Fig.
35. Install the feed screw of the tool di-

rectly over the center of the reamer.

COPPER TUBE R\GAMER

Fig. 35 — Reaming Bevel Seaf in Injector
Copper Tube

b. Balt the feed plate and the block secure-
ly to the cylinder head and turn the feed
screw down FINGER TIGHT ONLY.

COPPER TUBE

c. Using cufting compound consisting of
equal parts of cutting oil and kerosene,
ream the bevel seat in the copper tube
for the injector nut so that the shoulder
of the injector spray tip will be flush with
the bottom surfuce of the cylinder head

CYLINDER
HEAD

SPRAY

(Fig. 36). Check the depth of the cut TIF
during the reaming operafion by install- - —
ing an injector in the copper tube and — —
taking measurements. — e
— | ==—SCALE
xR HEAD ... Fig. 36 — Chocking Location of Injector Spray Tip..

AEAMING PORTIOH
FORINJECTOR HUT

e (CIPPER THBE SEAMER FOX
i IR PRAY TP

. Fig. 34 — Reaming Copper Tube for Injector ___|
Nut and Spray Tip
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8. FUEL MANIFOLDS

A. Description

Fuel is supplied to the fuel injectors by the fuel
pump through the lower of the two fuel manifolds,
located on the right side of the cylinder head and
connecfed fo the injectors by shorl stesl injector
fuel lines. The fuel return manifold (upper of the
two manifolds) returns the excess fuel from the
injectors through tubing back to the fuel tank. Pres-
sure is maintained in the fuel system by a restricted
fitting, located at the rear of the fuel return mani-
fold. Both manifolds are locked in position in the
cylinder head by fuel connectors which assemble
into tapered seats in the manifold fiftings.

B, Service

Since the fit of the tapered lower ends of the fuel
connectors in the fuel manifold fittings is the only
connection between these parts, prevention of fuel
leaks at this point depends on good contact sur-
faces, and on the fuel connectors being held tight-
ly in the seats. Any leakage between the fuel con-
nectors and the tapered seats of the manifolds will
be observed at the holes on the outside of the cylin-
der head. If o fuel leak occurs, remove the injector
fuel lines in line with the leaking fuel connector,
then loosen the lock nut on the fuel connector and
test it to see if the connector is tight.

INGECTOR RACK CONTROL TUBE

INJECTOR  CONTROL TUBE LEVER
FUEL LINES

\ FUEL NLET
MANIFOLD

RESTRICTE
FITEING
PROTECTION CAP

SUEL RETURM
sg?ﬁ?%zg%gg MANIFOLD FUEL COMNECTOR

i CYLINDER
{  HEAD

L. Fig. 37 — Cylinder Head and Fuel Manifolds ...l

If the seating surface for the fuel connector is a
trifle corroded or rough and does not make a goed
sead, removal of the fuel manifold and lapping of
the two surfaces with o fine lopping compound
may correct the leak. Ciean the fuel manifold and
the fuel connector thoroughly atter this operation
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to prevent any of the lapping compound from en-
tering the injectors, Use new copper washers
under the fuel connector lock nuts when installing
the manifold.

€. Removal of Fuel Manifolds

Refer to Fig. 38 for relative location of parts. Either
manifold may be removed separately and without
removing the cylinder head from the engine.

1. Remove the air pre-cleaner and the engine

hood.

2. Clean off the rocker cover, right side of the
cylinder head, ond the governor control
housing.

3. Remove the rear fuel line of each poir of
injector fuel lines if the fuel return manifold
is fo be removed, or the front fuel lines if the
fuel inlet manifold is fo be removed. Remove
all injector fuel lines if both fuel manifolds
are to be removed. Cover the injector fuel
fittings with shipping cops to prevent the en-
trance of dirt while lines are removed.

4. Remove the governor confrol shaft housing
{refer to "GOVERNOR REMOVAL” in Sec-
fion VI).

Disconnect the fuel line from the rear end of
the fuel manifold to be removed.

6. lLoosen the lock nuts on the fuel connectors
in contact with the fuel monifold to be re-
moved and remove the fuel connectors.

7. Remove the fuel manifold, being careful not
to bind the fee connectors of the manifold
in the cylinder head.

0. lnstallation of Fuel Manifolds

The fuel manifolds are installed by reversing the
sequence of operations for their removal. Refer to
Fig. 38 and note that the tee connectors on the fuel
manifolds which are inserted into the cylinder head
are on the top side of the fuel inlet manifold and
on the bottom side of the fuel return manifold.
The fuel manifolds are not interchangeable, due fo



FUEL RETURN MANIFOLD

T

FUEL INLET MANIFOLD

the location of the tapered seats in the tee con-
nectors. To install, proceed as follows:

1.

Cleun the holes in the cylinder head for the
fuel connectors and the fuel manifolds.

Guide the tee connectors of the fuel mani-
folds into the openings in the side of the cyl-
inder head, so that the tapered seats are in
appreximate alignment with the holes in the
top of the cylinder head for the fuel con-
nectors.

Centralize the tee connectors of the mani-
folds with fuel connectors by alternately
turning the connectors and moving the mani-
fold. This is an important operation and is
necessary to assure leak-proof joints.

4. Tighten the fuel connectors equaily and se-

cure the lock nuts against new copper wash-
ers. The lock nuts are special, confaining
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FUEL COMNECTOR

Fig. 38 —Fuel Manifold Details

LOCK NUT :
COPPER WASHER s,

fiber inserts which seal the threcds against
leakage. When a new lock nut is to be in-
stalled, first turn it onto the fuel connector
so that the fiber end of the nut is down. Turn
it on until threads are cut through the fiber
and then remove the nut from the fuel con-
nector and install it on the connector with
the fiber end up. Failure to do this may result
in misalignment of the threads in the fiber
with those cut in the metal part of the nut.

tnstall the injector fuel lines.

Connect the fuel lines to the rear of the fuel
manifolds and install the governor control
housing.

Before installing the rocker cover, run the
engine and check all fuel line connections for
leaks. Correct any leaks that are evident. In-
stall the rocker cover, engine hood, and the
air pre-cleaner,
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1. DESCRIPTION OF SYSTEM
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The engine air intake system includes the air pre-
cleaner, air cleaner, air shut-off valve, cylinder
block air box, and the blower. The blower supplies
the fresh air needed for combustion of fuel in the
cylinders and for scavenging burned gases from
the eylinders. The air, drawn from the atmosphere
by the blower, passes through the air pre-cleaner
and the air cleaner before it enters the blower.

Dust, always present in the air, is thus filtered from
the air before it is delivered to the engine. if the
air wos delivered to the engine uncleaned, the dust
particles would cause rapid wear on pistons, cylin-
der liners, and other engine parts.

The air is discharged from the blower into o hollow
section of the cylinder block surrounding the cylin-
ders, called the air box. The air passes info the
cylinders from the air box through holes (air ports)
in the cylinder liners, as the ports are uncovered
by the pistons. While these ports in the cylinder
liners are uncovered by the pistons and the exhaust
valves are opened, fresh air rushes through the
ports and into the cylinders to scavenge the ex-
haust gases and to supply the cylinders with clean
fresh air needed for combustion. This circulation
of the air through the cylinders also helps cool the
internal engine parts, particularly the exhaust
valves.

The fuel injected into the cylinders is ignited by the
heat of the afr compressed within the combustion
chambers on the up-siroke of the pistons. In cold
weother, the “drag” caused by cold oil betwsen
the pistons and cylinder walls, and in the bearings,
reduces the cranking speed of the engine. A large
part of the heat generated by compression of the
air within the cylinders is absorbed by the pistons
and the cylinder walls. This heot loss and the re-
duced cranking speed may reduce the temperature
of the air in'the cylinders to o point too low to
ignite the fuel. A Cold Weather Engine Primer is
provided as an aid for starting the engine in cold
weather. The Cold Weather Engine Primer is pro-
vided to inject starting fluid {ethyl ether) into the
blower air intake housing. The starting fluid in-
jected into the blower air intoke housing is then
picked up by the blower and is blown into the cyl-
inders. Since the starting fluid is highly combusti-
ble, and has o low Ignition point, it is easily ignited
by the compression in the cylinders.

An air box drain fube is provided for drainage of
fuel that might leak into the cylinder block air box
and would otherwise be drawn info the cylinders
with the dir. The drain tube is located approximate-
ly in the center of the left hand side of the cylinder
block.

2. AR PRE-CLEANER

A. Description and Purpose

The air pre-cleaner is of the centrifugal type and
consists of a body and shell assembly. Fins in the
air pre-cleaner body are located at an angle fo
give the incoming air o swirling motion; this causes
the heavy particles of dust to be thrown to the out-
side of the air pre-cleaner shell and deposited
therein. All large particles of dust, as well as leaves
and other like material, are thus removed from the
air before it enters the air cleaner. The level of the
dust collected in the air pre-cleaner shell is visible
through an inspection glass, located in the shell
assembly.

 B. Air Pre-Cleaner Service

“The air pre-cleaner shell must be emptied whenever
the dust level reaches half-way up on the inspection
glass. Remove and clean as follows:

PRE.CLEANER BODY

SHELL ASSEMBLY

GASKET
CAp

1. Unscrew the wing nut and remove the cap
from the shell. Lift the shell from the pre-
cleaner body.



2. Empty the dust from the shell and wipe the
inside of the shell with a dry cloth. Make cer-
tain the fins in the pre-cleaner body are not
bent, damaged, or clogged.

3. AR

A, Description

The air cleaner consists of a cylindrical body pack-
ed to a prescribed density with rust-proof metallic
matting and has on oil cup suspended on
the lower end of the body. This oil cup is
filled to a specified level with engine lubricating
oil, A pipe extends down through the center of the
cleaner body and into the oil cup, The air pre-
cleaner is mounted on the upper end of this pipe.
After passing through the air pre-cleaner, the air
enters the air cleaner through the pipe extending
down through the center of the air cleaner body
and into the oil cup. As the air is drawn through the
air cleaner, o portion of the oil in the oil cup is
drawn up info the screen mats and the air passes on
through the mats to the blower. The oil with which
the mats are soturaied, collects the dust from the
oir, and, in dripping back into the ail cup, corries
the dirt with it and deposits it in the cup, Thus, only

3. Wipe the dust from the cap gasket and re-
assemble the pre-cleaner. Replace the gus-
ket if it is not in good condition. Tighten the
wing nut with the fingers; DO NOT USE A
WRENCH.

CLEANER

clean air enters the blower for delivery to the
cylinders.

B. Air Cleaner Service

At periodic intervals, depending on operating
conditions, the oil cup must be removed, cleaned,
and refilled with new oil and the gir cleaner pipe
swabbed out. Dirt mixed with the oil will collect in-
side the pipe and if it is not removed, will in time
restrict the flow of air, resulfing in an insufficient
supply of air to the engine. A damaged hose, loose
hose clamp, domaged blower gasket, or leak of
any kind that allows air to enter the cylinders
without first passing through the air cleaner, will
defeat the purpose of the air cleaner, and MUST
be corrected ot once. Periodic inspection of the

above parts and of the air cleoner body for dents,
cracks, loosened solder connections, etc., should
be made frequently. if any of the above mentioned

comessl Py
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conditions are found they MUST be corrected im-
mediately.

Remove the oil cup daily (more often if operating
in extremely dusty conditions) to check the oil level
in the cup and to determine the condition of the
oil. Empty and wash the oil cup whenever the'oil
becomes discolored, indicating a quantity of dirt
has collected, then refill with clean oil. Keep the oil
cup filled to the top of the cone in the center of the
air baffle in the cup. CAUTION: DO NOT OVER-
FILL. Use the same viscosity oil in the air cleaner as
is used in the engine crankcase at prevailing tem-
peratures (refer to “SPECIFICATIONS OF LUBRI-
CANTS,” Section 1). NOTE: SOME “DIESEL" LUBRI-
CATING OILS MAY FOAM WHEN USED IN THE
AR CLEANER. DO NOT USE AN OIL THAT FOAMS
AS IT REDUCES AIR CLEANER EFFICIENCY AND
IN SOME CASES ALLOWS THE OIL TO BE PULLED
OVER INTO THE ENGINE, CAUSING SERIOUS
DAMAGE.

Service the Air Cleaner as Follows:

1. Remove the oil cup from the bottom of the
cleaner body. Remove the air baffle and
empty the oil from the cup.

Wash the air baffle and the oil cup thor-
oughly with clean fuel or solvent. Remove the
air pre-cleaner from the top of the air clean-
er and swab out the air cleaner pipe. Install
the air pre-cleaner assembly.

3. Install the air baffle in the oil cup and fill the
cup to the proper level with clean oil. Be
sure that the gasket above the oil cup is in
good condition. Install the cup on the bottom
of the air cleaner body.

Once or twice a year remove the air cleaner
from its mounting. Remove the oil cup and
immerse the cleaner in a tub of clean fuel,
or non-combustible cleaning solvent, and
rinse the dirt from the air cleaner filter mats.
Allow the air cleaner to dry thoroughly be-
fore installing.
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AIR CLEANER PIPE

Frg. —HASWdEEEng Air Cleaner Pipe

€. Air Clegner Removal

1. Remove the air pre-cleaner from the top of
the air cleaner pipe and remove the engine

hood.

Loosen the hose clamps on the air cleaner
hose attaching the air inlet elbow to the air
cleaner. Move the hose forward onto the air
inlet elbow.

Loosen and remove the air cleaner mounting
bands and remove the air cleaner.

D. Air Cleaner Installation

Install the air cleaner by a direct reversal of the
removal procedure. IMPORTANT: Make certain
that the hose clamps on the air cleaner hose are
tightened securely, the hose forms a tight seal, and
is not crimped allowing air fo enter without first
passing through the air cleaner.



&, AIR INLET ELBOW AND AR SHUT-OFF VALVE

A, Description

The air inlet elbow, located above the blower air
intake housing (Fig. 5), contains an engine air shut-
off valve assembly. This is a butterfly type valve
and is manually controlled by the engine shut-off
control rod. When the engine shut-off rod knob is
pushed all the way in, the air shut-off valve is
opened and the air can poss through the air inlet
elbow 1o the blower. When the engine shut-off rod
knob is pulled oll the way back, the air shut-off
valve is closed and the air supply to the engine is
shut off. This air shut-off valve also serves as an
emergency engine shut-off device. If for some reo-
son fuel collects in the cylinder block air box,
speeding up of the engine will cause this fuel to be
drawn from the air box and into the cylinders, and
the engine speed will be increased beyond its

maximum governed speed, because of this added
supply of fuel. The governor has no control over

the engine in such instances. However, the engine
can be stopped by manually closing the air shut-off
valve which shuts off the supply of air necessary for
combustion of fuel.

B. Removul, Disussembly, and Inspection

1. Remove the «ir shut-off lever spring and
spring hook. Remove the cotter pin and the

plain washer from the air shut-off valve
swivel lever pin, located af the front end of
the engine shut-off front red. This swivel
lever aftaches the engine shut-off front rod
to the air shut-off valve lever. Push the en-
gine shut-off front rod tfoward the engine
rocker cover to uncouple the swivel lever
pin from the air shut-off valve lever.

Loosen the two (2) hose clomps on the air
cleaner hose and move the hose onto the air
inlet elbow.

Remove the capscrews attaching the air inlet
elbow to the blower air intake housing. Re-
move the air inlet elbow. NOTE: Cover the
opening in the blower air intake housing
affer remaving the air infet elbow.

Remove the bolt used to clomp the air shut-
off valve lever 1o the air shut-off valve shaft
and remove the lever. Remove the locking
wire from the screws used fo attach the air
shut-off valve in place in the shaft, then re-
move the screws and the air shut-off valve.

Remove the gir shut-off valve shaft and the
shaft dust seal from the dir inlet elbow.
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AR CLEANER

HOSE CLAMP

MOUNTING BAND MOUNTING BAND PIN
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6. Clean and inspect the air shut-off valve parts
for wear. The air shut-off valve shaft must
be straight and not excessively worn or the
valve will not seat properly in the air inlet
elbow. The expansion plug in the outer side
of the air inlet elbow must fit tight in #s bore
to prevent air being drawn past it Always
install a new shaft dust seal in the air inlet
elbow when wassembling. Make certain the
shaft rotates freely when installed.

€. Assembly and Installation

1. Lubricate the ends of the oir shut-off valve
shaft and install the shaft in the air inlet
elbow, with the notched end of the shuft to-
ward the engine.

2. Place the shut-off valve in position in the
slot of the shaft and install the attaching
screws. Lock the screws with o lockwire.

3. Install a new shaft dust seal in the air inlet
elbow, with the lip of the seal toward the
lever end of the shaft. Instail the air shut-off
valve lever on the shaft and install and
tighten the bolt securely.

4. Install the expansion plug in the outer side
of the air inlet elbow if the plug has been
removed. Make certain that the expansion
plug fits tightly in the elbow,

5. Examine the air inlet elbow gasket and make
certain that it s in good condition. Coat each
side of the gasket with gasket cement or
sealing compound, and install it in place
on the blower air intake housing.

6. Place the air inlet elbow in position on the
blower air intuke housing and install the at-
taching capscrews and lockwashers.

7. Move the dir cleaner hose into its proper po-
sition on the dir cleaner and the air inlet
elbow wand secure the hose with the hose
clamps. CAUTIOQN: ff is of the utmosf impor-
tance that the air cleaner hose forms a tight
seal and is nof crimped when installed,
otherwise, air will be drawn info the system
without first passing through the air pre-
cleaner and the air cleaner.

8. Insert the air shut-off valve swive! lever pin,
located on the front end of the engine shot-
oft front rod, into the hole in the air shut-off
valve lever and install the plain washer and
the cotter pin. Install the air shut-off lever
spring and the spring hook.

9. Adijust the controls as explained in “ENGINE
SHUT-OFF CONTROL ADJUSTMENT,” Sec-
tion VI

10. Install the engine hood and the air pre-

cleaner.

5. BLOWER

A. Description

The blower supplies the air needed for combustion
and for scavenging the cylinders of exhaust gases.
lts operation is similar to that of a gear-type ol
pump. Two hallow rotors, each with three lobes, re-
volve with very close clearance in the blower
housing bolted to the right side of the engine. To
provide continuous and uniform displacement of
air, the rotor lobes are made in o twisted or helical
form,

Air entering the blower air intake housing from the
air cleaner is picked up by the rotor lobes dand car-
ried to the discharge side of the blower as indi-
cated in Fig. 1. The continuous discharge of fresh
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air from the blower creates an air pressure of
about seven pounds per square inch in the air box
of the cylinder block, when the engine is operating
at its maximum speed. As the piston uncovers the
air ports of the cylinder liner, the air sweeps
through the air ports and into the cylinder. The
angle of the air ports in the cylinder liner imparis
a swirling motion to the air as it enfers the cyl-
inders.

Two timing gears on the drive ends of the blower
rator shafts space the rotor lobes with o slight
clearance. Thus, because the rotor lobes do not
touch each other at any time, they require no lu-
brication. Lip type oil seals prevent air leakage
at the ends of the rofor shafts and also prevent oil,



used for lubricating the timing gears and the rotor
shaft bearings, from entering the rotor compart-
ment of the blower. The upper rotor is driven at
1.95 times engine speed by the blower drive gear
and the drive shaft. The lower rotor is driven from
the upper rotor through the blower timing gears.

A flexible coupling, attached to the blower drive
gear, dampens the engine torque fluctuations to
the blower. The coupling is formed by o cam,
driven by two bundles of leaf springs contacting
four semi-cylindrical supports. Each rotor is sup-
ported by the doweled end plates of the blower
housing by a roller bearing at the front end, and
a twa-row, pre-loaded, radial and thrust ball bear-
ing ot the rear end.

The blower timing gears and bearings are lubri-
cated by oil droining from the valve operating
mechanism in the cylinder head into the camshaft
pockets in the cylinder block. After this oil reaches
a certain level in the camshoft pockets, it overflows
through o hole ot each end of the blower housing,
providing lubrication for the blower gears at the
rear end of the blower, and for the governor und
water pump drives af the front end. A dam in the
blower end plate cover maintains an oil level
which submerges the teeth of the lower rotor tim-
ing gear. A slinger, on the opposite end of the
lower rotor, throws oil into the governor weight
assembly. Surplus oil passes from a hale in the end
of the blower to the crankcase oil pan, through
drilled holes in the cylinder block.

B. Service and inspeciion

The blower is not a delicate device. Nevertheless,
great care is taken when the unit is assembled at
the factory. The same care must be foken when
the blower is serviced in the field.

As pointed out in the foregoing description, the
blower rotors revolve with a slight clearance be-
twaen the rotor lobes and also between rotors and
the blower housing. Bearings are used at each end
of the rotor shafts to support the rofors. The blower
rotars are “timed” by the two gears located on the
rear end of the rotor shafts, This timing, or spac-
ing, must be correct; otherwise the required clear-
ance between the rotor lobes will not be main-
tained.
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Normal geor wear couses a decrease of rotor-fo-
rotor clearance on ane side of the rotor lobes.
When this occurs, clearance between the opposite
sides of the rotor lobes is increased corresponding-
ly. While rotor lobe clearance, due o gear wear,
may be corrected by adijustment, the geor back-
lash cannot be corrected. Thersfore, when the
gears have worn to the point where the backlash
exceeds .004”, the gears must be replaced. The
procedure for timing the blower rotors for proper
clearance is outlined under “BLOWER TIMING" in
this Section.

Because of the important part that the blower plays
in the efficient operation of the engine, an inspec-
tion of the unit should be made after every 1,000
engine operating hours, especially if the tractor
has been operating under extremely dusty condi-
tions. If this practice is followed, minor irregulari-
ties can usually be detected and corrected before
serious difficulties develop.

A blower may fail to function properly because
of any one, or a combination of, the following
reasons:

1. Dirt or foreign material having been drown
through the blower, thereby scoring the
rotor lobes and the housing.

2. Worn oil seals, permitting lubricating oil to
be drawn inta the rotor compartment.
3. Worn blower drive coupling, causing o rat-

tling noise inside the blower.

4. loose rotor shafts, worn gear teeth, or dam-
aged bearings, cousing contact between the
rotor lobes, befween rotors and the end
plates, and between the rotors and the
housing.

Out of time — that is, due to timing gear
wear, the mating rotor lobes may not have
sufficient clearance at one side and too much
clearance on the opposite side.

A blower moy be inspected for any of these con-
ditions without being removed from the engine.
However, if inspection reveals that the blower has
been damaged or worn sufficiently to impair its
efficiency, if should be removed from the engine



and either overhauled or replaced.

Before inspecting the blower, with the blower in
position on the engine, remove the blower air in-
~take housing. CAUTION: When the blower rotors
are exposed and the engine is in operation, keep
_ fingers, clothing, and any loose parts away from
“the blower air inlet. Severe bodily injury, or dam-
lower may result, if anything is al-
Jowed to come into contact with the blower rotors

while they are in operation.

Make the following inspection to determine if any
of the above conditions exist in a used blower;

1. SCORED ROTORS OR HOUSING. Dirt or
chip drawn through the blower will cause
" scratches in the rotors and the hous-

“ing ‘and will raise burrs around such abra-

sions. If such burrs cause interference be-
tween the rotors, or between the rotors and
the housing, the blower should be removed
and the parts dressed to eliminate the in-
terference. The rotors must be replaced if
they are badly scored.

2. LEAKY OIL SEALS. Leaky rotor shaft oil seals
are usually indicated by the presence of oil
on the blower rotors or on the inside of the
rotor housing. Qil on the rotors can also be
a result of oil pull-over from the air cleaner;
therefore, the two conditions should not be
confused. For a sure check for oil seal leaks,
proceed as follows:

a. Operate the engine at approximately
1000 R.P.M.

b. Direct a strong light intc the rotor com-
partment and observe the blower end
plates for a thin film of oil which will
radiate away from o leaky oil seal.
(Refer to Fig. 10 for location of rotor
shaft oil seals). CAUTION: Do not at-
tempt this inspection when there is ex-
cessive dust in the air as there will be no
air cleaner profection with the blower

" dir intake housing removed.

ey,

3. WORN BLOWER DRIVE,

a. Operate the engine at approximately
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300 R.P.M. by manual control of the in-
jector control tube. A worn drive cou-
pling will cause a loose, rattling sound
within the blower.

b. Stop the engine. Grasp the top rotor
firmly and attempt to rotate it. The rotors
should move from 3" to 3", measured
at the lobe crown, and should have a

When released, the

rotors ‘should move back at least 74",

The blower drive coupling should be in-

spected if the rotors cannot be moved

springing action.

as above, if the rotors move freely with-
out a springy feel, or if they can be rat-
tled. f the inspection shows the blower
drive coupling to be worn, the blower
drive must be removed for repuairs or re-
placement (refer to “BLOWER DRIVE
ASSEMBLY" in this Section).

4. LOOSE ROTOR SHAFTS OR WORN ROTOR

SHAFT BEARINGS. This condition W|l| cause
rubbing and scoring between the crowns of
the rotor lobes and the mating rotor roots,
between the rotors and the blower end
plates, or between.the rotors and the hous-
ing. Usually a combination of these condi-
tions exists.,

A loose rotor shaft usually causes contact
between the rotors and the blower end
plates. Worn rotor shaft bearings will cause
contact between the mating rotor lobes at
some pomf or may allow the rofors to con-
tact the blower housing. This condition will
usually be noted on the end of the rotors at
which the rotor shaft bearing has failed.
Excessive backlash in the blower timing
gears usually results in the rotor lobes con-
tacting throughout thejrzentire length.

To correct any of the ‘above conditions, the
blower must be removed from 1h£:ia' engine
and either repaired or replaced. The pro-
cedure for checking the rotor-to-rotor and
the rotor-to-housing clearances is described -
under “BLOWER TIMING.” Obviously, if the
rotor lobes or the blower housing are scored
enough to require a blower overhaul or re-
placement, a check for clearance would not
only be misleading, but unnecessary.



. Blower Removal

1.

Remaove the right front fender. Drain the en-
gine cooling system.

Loosen the adjusting arm capscrew of the
fan belt fightening idler and loosen the two
{2} fan idler hinge bolts. Release the tension
on the fan belts and remove the belts from
the idler pulley. Remove the three (3} cap-
screws attaching the mounting bracket of
the fan belt tightening idler fo the engine
front cover and remove the idler assembly
from the engine.

Remove the breathing pipe from the gov-
ernor and remove the governor control shaft
housing assembly (refer to “GOVERNOR
REMOVAL” in Section VI).

Loosen the hose clamp connecting the engine
water by-pass tube to the elbow located in
the water pump bedy cover.

Loosen the hose clamp on the seal used %o
connect the water pump body cover and the
top of the engine oil cooler housing. Remove
the two (2) capscrews atfaching the water
pump outlet packing flange to the cylinder
block.

Close the fuel tank shut-off valve and dis-
connect the two (2) fuel lines from the fuel

pump,

Loosen the hose clomp used on the blower
drive shaft cover seal.

Remove the capscrews attaching the air inlet
elbow to the blower air infake housing. Dis-
connect the engine primer line from the
primer elbow, located in the blower air in-
take housing.

51

9. Remove the capscrews attaching the blower

10.

11,

air intake housing to the blower and remove
the housing and the blower screen from the
blower.

Remove the copscrews aifaching the blower
to the cylinder block. Raise the front end of
the blower slightly 1o clear the water pump-
to-oil cooler connection and move the blow-
er assembly (including dccessories) toward
the front, leaving the blower drive shaft in
the drive gear housing. Remove the blower
from the engine. .

Remove the fuel pump, water pump, blower
drive shoft cover, and the governor weight
housing from the blower.

D. Disassembly of Blower

1.

Remove the capscrews attaching each blow-
er end plate cover to the blower housing,
Tap the end plate covers lightly with a soft
hammer 1o loosen, then pull the covers from
the dowels. CAUTION: Do nof pry between
the end plaie covers and the end pfcz?esa
damage fo the gasket surfaces may r

Remove the socket-head cupscrew from the
center of the water pump drive coupling,:
located at the front end of the lower roto
shaft, and withdraw the waler pump drive *
coupling from the rotor shaft.

Remove the three (3) capscrews attaching
the blower rotor driving hub plate assembly
to the gear on the upper rotor shaft and
remove the rotor driving hub and plate as.
sembly as a unif,

Unlock and remove the capscrew and wash-
ers at the center of each blower gear. NOTE:
The fuel pump coupling disc will be removed
with the lower capscrew.
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5. Pull the blower gears from the rotor shafts.
NOTE: These two gears must be pulled from
ihe rotor shafts of the same time, using the
special puller studs and plates as shown in

Figs. 6 and 7.

a. Back out the studs in the puller plates as
far as possible.

b. Install two anchor bolts in diametrically
oppasite holes of the puller plates and
screw the anchor bolfs into the gears as
far as possible, so that the faces of the
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puller plates are parallel with the face
of the blower.

c. Place a cloth between the gears to pre-
vent them from turning. Turn the two
puller studs clockwise uniformly until the
gears are withdrawn from the rotor
shafts. In most coses, shims will be found
on each rotor shaft in back of the gears.
Wire these shims (removed from each
shaft) to their respective gears so that
they may be reinstalled in their respec-
tive location when the blower is recs-
sembled,

6. Remove the three (3) capscrews attaching
each bearing retainer to the end plates and
remove the bearing retainers.

7. Remove the end plates and rotors from the
blower housing. In most cases the end plates
and rotors are removed from the housing
by pushing the rotor shafts frem the rotor
shaft rear bearings, then withdrawing the
rotors (still assembled in the other end plate)
from the housing.

a. Remove the two (2) fillister-head screws
from the front end plate. Loosen the two
(2) fillister-head screws in the rear end
plate about one turn.

b. Use the same puller studs and puller
plates as used to pull the gears. Install
three anchor bolts in the three equally
spaced holes in each puller plate (os
shown in Fig. 8) and turn the anchor
bolts into the holes from which the reor
bearing retainer capscrews were re-
moved. Turn the onchor bolts into the
end plate so that the fuces of the puller
plates are parallel with the face of the
blower.

¢. Turn the two (2) puller studs clockwise
and uniformly until the rotor shafts are
free from the rotor shaft rear bearings.

d. Remove the puller plates from the rear
end plate, remove the two (2} fillister-
head screws, and remove the rear end
plate, Withdraw the rotors and the front
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end plate assembly as a unit from the
blower housing. Assemble the puller
plates on the front end plate and press
the rotor shafts out of the retor shaft
front bearings in the same manner as
the shafts were pressed out of the rotor
shaft rear bearings.

8. Remove the rotor shaft beorings from the

blower end plates by using ¢ bearing re-
mover tool as shown in Fig. 9. Insert the
bearing remover tool through the oil seal
from the inner face of the blower end plate,
so that the pilot of the tool enters the bore
in the inner race of the bearing and the
shoulder of the tool rests against the bearing
inner race. Support the end plate on blocks
abaut two (2) inches high and drive the
bearing out of the end plate. Follow the
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sume procedure ond remove ail four (4)
bearings.

Remove the rotor shaft oil seals from the
blower end plates. The oil seals may be re-
moved from the end plates at the same fime
that the bearings were removed by con-
tinuing to drive down on the remover tool
shown in Fig. 9; the collar of the remover
tool will contact the ofl seal and drive it out
of the end plote.

E. Inspection of Blower Paris

After the blower has been disassembled, wash all
parts in clean solvent and dry with compressed air,

T.

Wash the rotor shoft bearings by rotating
them in a pan of clean solvent or fuel unfil
they are free from grease and oil. Blow the
dirt and fuel from the bearings with dry
compressed air, while rotating the bearings
by hand. CAUTION: Do not spin the bear-
ings with air pressure. Repeat the cleaning
operation uniil oll foreign substance has
been removed. After cleaning, thoroughly
lubricate the bearings with clean engine oil
and rotate them by hand to inspect for
roughness. The double-row bearings used at
the rear of the rotors are pre-loaded and
have no end play; in fact a new double-row
hecring will seem to have considerable re-
sistance to motion when revolved by hand.
Due to blower rotor expansion and contrac-
tion in relation to temperature during engine
operation, the roller bearings used at the
front of the rotors are designed for end
movement within the bearing proper. The
inner races and the rollers of the bearings
are free to move endwise in relation to the
outer races, as the outer races are greater
in width than the bearing rollers. If the balls,
rollers, or races of the rotor shaft bearings
are discolored instead of having brightly
polished surfaces, the bearings have prob-
ably been cverheated at some time ond are
unfit for further service. Discard any bear-
ings that-have tight or rough spots, or that
are worn or discolored from heat.

The inspection for the condition of the rotor
shaft oil seals in the end plates, with the en-



gine running, was described previously in
“LEAKY OIL SEALS.” If the sealing lip of the
oil seal is scored or damaged so that a tight
seal on the rotor shafi cannot be obtained,
or the sealing lip of the seal has become
charred and hardened, new seals must be
installed.

The finished faces of the end plates and the
ends of the blower housing must be smooth,
flat, and free from burrs. The end plates must
fit lat against the ends of the housing.

Inspect the rotor lobes for smoothness and
the bearing surfaces for wear and burrs.
The serrations in the ends of the rotor shafts
must be in good condition. If the rotors are
badly scored or damaged they must be re-
placed; those having only slight burrs or
nicks may be smoothed with a file and emery
paper and reinstalled, provided that the
ends of the rotors are not worn to the point
where there will be too much clearance be-
tween them and the end plates when the
blower is reassembled (refer to “BLOWER
CLEARANCE CHART,” Fig. 16}.

5. As stated in the preceding paragraph and
shown in Fig. 16, the rotors must revolve
inside the blower housing with a specified
clearance between the housing and the rotor
lobes.

6. Check the blower gears for wear and gen-
eral condition. The wear on the gears can be
checked only with the blower assembled
and the gears installed. Install new gears if

the backlash between the gears exceeds
.004",

F. Assembly of Blower

After all of the blower parts have been inspected
and the worn or damaged parts replaced, assem-
ble the blower by reversing the disassembly pro-
cedure and using the special tools illustrated, as
follows:

1. INSTALL ROTOR SHAFT OIL SEALS IN END
PLATES. Lubricate the oil seals with engine
oil and install the oil seals in the end plates,
with the flat face of the oil seals flush with
the inner face of the end plates and with the
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sealing lips of the seals pointing away from
the inner faces of the end plates. [nstall each
of the four {4) oil seals as follows:

a. Clamp the end plate between soft jaws
in a vise. Use one of the puller plates and
a puller stud used in disassembling the
blower, and a slofted pressure plate to
press the oil seals into place. Back the
puller stud out of the puller plate as far
as possible and insert the stud through
the hole in the end plate from the inner
side, so that the puller plate rests against
the finished side of the end plate.

b. Place an oil seal in pasition to enter the
end plate, and install the slotted pressure
plate over the puller stud and against the
oil seal. Turn the puller stud clockwise
to force the oil seal into the end plate.

BLOWER END PLATE
OUTER FACE t

PULLER PLATE

FULLER STUD
PULLER PLATE TiL SEAL

PRESSURE PLATE

YI5E
z
i

/

Fig. 11 —installing Rotor Shoaft O
Seal in Blower End Plute
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2.

INSTALL BLOWER FRONT END PLATE, Both
end plates are alike and may be installed
on either end of the blower housing. The
upper end of each end plate is semi-circular
and is marked “TOP” on the outer ribbed
side. The top of the blower housing con be
identified by the lange exiending across the
entire length of the housing. IMPORTANT:
in the following instructions, the feft-hand
end of the blower housing, when viewed
from the cylinder block side, will be con-
sidered the front end or, water pump drive
end, With the above identification in mind,
attach the front end plate to the front end
of the blower housing as follows:

a. Stari the dowels, located in the front
end plate, into the dowel holes of the
blower housing. Tap the dowels and the
end plate lightly with a soft hammer to
fit the end plate o the housing. As there
is no gosket used between the end plate
and the blower housing, the mating sur-
faces must be perfectly flat, smooth, and
clean.

b. Fasten the front end plate securely to
the blower housing with the two (2) fillis-
ter-head screws, using no lockwashers.
The dowels must project 3" beyond the
outer face of the end plate ofter it is
installed.

INSTALL ROTORS IN BLOWER HOUSING.
MNote that the lobes on one of the rotors and
the teeth on one of the gears form a right-
hand helix; the lobes on the other rotor and
the teeth on the other gear form a left-hand
helix. The rotor having the right-hond helix
must be used with the gear having the right-



OMITTED SERRATION

LPPER ROTOR UPPER GEAR

LOWER ROTOR LYWER GEAR

L Fig. 12— YUpper and Lower Rotors and Gears_..|

hand helical teeth and these parts must be
installed in the upper position in the blower
housing. The left hand rotor and gear must
be installed in the lower position in the
blower housing. The rotors and gears are
marked “UPPER” and “LOWER" on the rear
faces of the gears and on one lobe of each
rotor. Note also that one serration is omitted
from the gear end of each rotor shoft and
from the hub of each gear. These serrations
are omitted for the purpose of fiming the
rotors and gears when they are installed.

a. Place the blower housing on o bench,
with the top (Rlanged) side of the housing

up.

b, Place the rotors together, with the right-
hand rotor on top and with the rotors
in mesh and turned so that the omitted
serration in the gear end of each rotor
shaft is facing up as shown in Fig. 12.
Slide the rotors into the blower housing,
using an oil seal installing tool on the
front end of each rotor shaft, to expand
the oil seals in the front end plate and
to guide the ends of the rotor shafts into
the end plate.

c. Remove the oil seal instaliing tools ofter
the rotors hoave been installed in the
blower housing.

4, INSTALL BLOWER REAR END PLATE. With
the rotors installed in the blower housing and
with the omitted serrations in each rotor
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b Fig, 13 — Installing Blower Rear End Plate ...
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shaft facing the top of the blower housing, as
explained praviously in step 3, place o rotor
shaft oil seal installing tool on the gear end
of each rotor shaft, then install the rear end
plate in the same manner as the front end
plate was installed. Fasten the rear end plate
to the blower housing with two (2) fillister-
head screws, using no lockwashers. The
dowels in the rear end plate must project
%" beyond the outer face of the plate. Re-
move the oil seal installing tools from the
rotor shafts,

INSTALL ROTOR SHAFT BEARINGS. The
rotor shaft roller bearings must be installed
on the front ends of the rotor shafts and the
rotor shaft ball bearings on the rear ends
(gear end) of the rotor shafts. The bearing
number is stamped on one side of the badll
beuring roce of esach bearing; when in-
stalled, these numbers must face the outer
face of the end plates.

a. Start each rotor shaft bearing into the
end plate and fap the bearings into
place with the rotor shaft bearing install-
ing tocl shown in Fig. 14. After the rotor
shaft bedrings heave been installed, check
the rotor-to-housing and the rotorto-
end plate clearances as described in

"BLOWER TIMING.”

b. Place the bearing retainers for the rotor
shaft bearings in position and install the
attaching capscrews and lockwashers.
NOTE: The bearing retainers used of the
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¢. Ploce the retaining washer on the upper
gear capscrew and the fuel pump drive
coupling disc on the lower gear cap-
screw; draw the gears tight against the
shoulders of the rotor shafis by the means
of the gear capscrews. Place o cloth be-
tween the gears to prevent their turning.
Both gears must be pressed on evenly
and ot the same time. CAUTION: Do not
pull the gears up tight if the rotor lobes
come in contact with one ancther before
the gears are pressed oll the way on as
domage to the rotors will result.

Yo Fig. 14 Rotor Shuft Bearing Instolling Tool .

front and ot the rear positions ore iden-
tical,

4. PRESS GEARS ONTO ROTOR SHAFTS. if a
vsed blower is being reassembled with the
original parts, shims were probably used
in back of one or both blower gears. These
shims, removed when the blower was disas-
sembled, must be placed on the respective
rotor shaft from which they were removed.
If new gears or rotors are being installed, in-
stall the new parts without shims, and use
shims later, if necessary, when timing the ro-
tors. NOTE: The hlower gears are maiched,
ond when replacement is necessary they
must be replaced us a set.

a. Be sure that the omitted serrations en
the ends of the rotor shafts are ot the
top. The gear thot has six {6} tapped
holes in its hub (right-hand helix} must
be installed on the upper rotor shaft.
Lubricate the serrated ends of the rotor
shofts with engine oil, then install the
gears os follows:

b. With the original shims installed on
the rotor shafts, start the gears onto the
shafts with omitted serrations on the
shafts and in the hubs of the gears in
fine. An “O" mark, or punch mark, is
indented info the ends of the rotor shafts
at the location of the omitted serrations,
to assist in locating the gears on the
shatfts,
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L . Fig. 15— Pressing Blower Gears Onte
Rotor Shufis

d, After timing the rotors os explained in
the following step 7, remove the gear
capscrews and install the special lock-
washers under the heads of the cap-
screws. Tighten the capscrews securely
and bend two ears of each lockwasher
into the notches in the retaining washer
and the fugl pump coupling disc, then
bend two other ears of the lockwashers
against the heads of the gear capscrews.
The lugs of the retaining washer on the
upper gear capscrew and the lugs of the
fuel pump coupling disc engage in slofs
in the gear hubs, Tighten the gear cop-
screws using o forque of 55 to 65 pounds
feet.

7. .TIME BLOWER ROTORS. The rotors must be
timed at this stfage of assembly {refer to Figs.
16 and 17). As stoted before, the rotors,
when properly positioned in the blower hous-



ing, run with a slight clearonce between the
lobes, This clearance may be varied by mov-
ing one of the blower gears in or out on the
rotor shaft. This positioning of the rotors is
called “blower timing” and is accomplished
by adding or removing shims between the
hub of a gear and the rotor shaft ball bear-
ing located in back of the gear. The shims
used to make this adjustment are of 0027,

0037, 005" and .010” thickness,

When the upper gear is moved out, the up-
per rotor will be moved in o counter-clock-
wise direction as viewed from the gear end;
when the lower gear is moved oul, the low-
er rotor will be moved in a clockwise direc-
tion s viewed from the gear end. The clear-
ance between the upper and the lower rotor
lobes must be token at both ends and at the
mid-section, while revolving the rotors with
the upper rotor turning in o counter-clock-

wise direction {viewed from the gear end).

Always determine the minimum clearance
by using feeler ribbons 2" wide. For measur-
ing clearances of more than 005", use lam-
inated feelers made up of .002”, .003%, or
005" thickness. These feeler ribbons will
bend around the lobes more easily than «
single thick ribbon and o more occurate
measurament will be obtained.

REET
A4

24

Fig. 16 — Diagram of Blower Clearanees

Turn the rotors, by turning the upper gear in o
counter-clockwise direction, until the end of o lobe
of each rotor paints straight down at the gear end
of the blower, as shown in Figs. 16 and 17. Insert
a feeler ribbon through the opening in the cylinder
block side (outlet side) of the blower housing and
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... Fig. 17 — Measuring Poinis for Clearance
Between Rotor Lobes

down between the lobes at this point ("CC” Fig.
18). Turn the rotors and toke measurements at the
mid-section and af the opposite end of the lobes.
Record the minimum clearance obtained. Measure
the clearance between the second and the third
pair of lobes in the same manner. Let us assume
thot the minimum clearance obtained from all
these measurements was .010"; referring to the
chart in Fig. 16, we find that the clearance is spec-
ified as 002" to .006". Therefore, this clearance
must be decreased to within that range. This can
be accomplished by adding shims in back of the
lower gear or removing shims from behind the
upper gear. A 003" adjusting shim in back of «
gear will affect the rotor cleoronce 001", The
clearance must again be checked ofter the addi-
tion or removal of shims, fo make cerfain that the
clearance obtained is correct, Add or remove shims
as necessary until the proper clearance is ob-
tained. If the clearance between the lobes is less
than required, remove shims from behind the lower
gear or add shims behind the upper gear. NOTE:
Both geors must be removed and reinstalled fo-
gether whenever addition or removal of shims is
necessory.

After the clearance between the rotor lobes haos
been measured through the cylinder block side
{outlet side) of the blower housing and found to
be between .0027 and .006”, measure the clec-
ance {"C” Fig. 16) between the opposite sides of
the lobes through the inlet side of the housing, s
shown in Fig. 19. The specified minimum clearance



BLOWER
HOUSING

LOWER ROIOR

FEELER RIBAON

L Fig. 18 — Measuring Clearance Befween Rotor _ |
tobas from Quslet Side

FEELER RIBBON BLOWER HOUSING

LOWER ROTOR
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between the rotor lobes is 014", When it is im-
possible to obtain a minimum clearance of .014"
between the rotor lobes when checked from the
inlet side, and the clearance at the outlet side
has been adjusted to the minimum of .002", it must
be assumed that the rofors are damaged and the
rotors must be replaced.

The clearance between the ends of the rofor lobes
and the end plates of the blower {"A” and ”B,” Fig.
16) and between the rotor lobes and the blower
housing must also be checked. Measure the rotor-
to-end plate clearance at the ends of each rotor
lobe, as shown in Fig. 20, taking twelve measure-
ments in oll. As specified on the chart in Fig. 14,
there must be a minimum clearance of 0077 at
“A” and 009" af “B.” MNext, insert feeler ribbons
between the rotor lobes and the inside of the blow-
er housing, from both the inlet and outlet sides of
the blower. A minimum running clearance of 004"
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is required between the rofor lobes and the inside
of the housing when measuring from the outlet side
and a minmum clearance of .018" is required when
measuring from the inlet side. These clearances
will be correct if the work was done carefully when
assembling the blower. If the work was done care-
lessly, the assembly operation may have to be
repeated.

8. After the rotors have been properly timed
and the gears have been tightened securely
in place, refer to Fig. 10 and install the rotor
driving hub plate assembly in position on the
upper gear os follows:

a. Place the two hub plates in position on
the blower rotor driving hub and install
the three (3) copscrews (5/16” NF x 34%)
with lockwashers ond plain woshers.
Tighten the capscrews 1o o torque of 25
to 30 pounds feet.

b. Install the blower rotor driving hub and
plate assembly in position on the vpper
rotor gear, installing the three (3) hub
plate spacers between the hub plates
and the geor, and install the capscrews
{(5/16" NF x 1) with lockwashers and
plain washers. Tighten the capscrews te
a torque of 25 to 30 pounds feet.

Insert the splined end of the water pump
drive coupling into the front end of the
lower rotor shaft. Install the socket-head
capscrew, used to aoftach the water pump



10,

drive coupling to the rotor shaft, and tighten
the capscrew to a torque of 25 pounds feet.

If the old gaskeis on the end plate covers are
unsatisfactory in any way, use gasket ce-
ment and cement a new gasket to each cover
and install the covers on the end plotes, In-
stall the attaching capscrews and lockwash-
ers and fighten securely.

. Blower Installation

1.

Place the fuel pump-to-blower gasket in
place on the fuel pump. Place the fuel pump
fork coupling in position on the pump driv-
ing gear shoft, install the fuel pump in
position atf the rear. of the lower rotor, in-
serting the ends of the fork coupling into
the slots in the fuel pump drive coupling
disc. Install the fuel pump attaching cop-
screws and lockwashers and tighten securely.

Install the blower drive shaft cover and gas-
ket (Fig. 22) in position on the rear end
plate cover of the blower, but do not tighten
the copscrews at this time. Place the hose
clamp for the drive shaft cover seal on the
drive shoft cover and install the blower
drive shaft cover seal in place on the drive
shaft cover.

Install the water pump and gasket in po-
sition on the front end plate cover of the
blower. Place the water pump cvtlet packing
flange and the pump outlet packing in po-
sition on the water pump. Place the water
pump-to-oil cooler seal and the seal clamp
in posifion on the engine oil cocler housing.

Install the governor weight housing assembly
and gasket in position on the front end plate
cover of the blower.

Insert the rear end (end having the shortest
serrations) of the blower drive shaft (Fig. 22)
into the serrations of the blower drive gear
coupling cam. Cement a blowerto-cylinder
block gasket to the cylinder block. Install
the blower assembly in position on the cylin-
der block, inserting the front end of the
blower drive shaft into the blower rotor driv-
ing hub. Rotate the rotors by hand until the
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10.

11.

12.

13.

14.

serrations of the blower drive shoft can be
felt entering the serrations in the blower
drive gear coupling cam.

Properly locate the blower on the cylinder
block and install the attaching copscrews
and plain washers, Tighten the capscrews to
o torgue of 55 to 60 pounds feet.

Pesition the blower drive shaft cover seol
and the hose clamp, then tighten the clamp
securely. Tighten the copscrews attoching
the klower drive shaft cover to the rear end
plate cover of the blower.

Position the water pump outlet packing
flange and packing, then install the ottach-
ing capscrews. Position the woter pump-to-
oil cooler seal and the seal clamp then tight-
en the seal clamp securely.

install the water by-pass tube hose and the
hose clamps in position on the by-pass tube
and the elbow in the water pump body
cover, then tighten the hose clamps.

Place the blower screen and the blower air
intake housing in position on the blower
housing and secure with capscrews and lock-
washers. Place the blower air inlet elbow
gasket and the air inlet elbow in position on
the blower air intake housing and secure
with capscrews and lockwashers. Connect
the engine primer line to the primer elbow,
located in the blower air intake housing.

Connect the two fuel lines to the fuel pump
and open the fuel tank shut-off valve.

Install the governor control shaft housing as-
sembly (refer to “GOVERNOR INSTALLA-
tion” in Section VI).

Attach the fan belt sightening idler assembly
to the engine front cover, then install the
fan belts on the fan belt tightening idler
pulley. Adjust the fan bels {refer to “FAN
BELT ADJUSTMENT” in Section V).

Install the right front fender. Fill the engine
cooling system (refer to “FILLING COOQLING
SYSTEM” in Section V).



6. BLOWER DRIVE ASSEMBLY

A, Deseription

The blower drive assembly consists of o drive shaft
and flexible type coupling, mounted to the hub of
the blower drive gear located in the upper right
side of the flywheel housing. The blower drive
gear is driven by the engine camshaft gear. This
drive transmits power to the blower, gevernor,
water pump, and the fuel pump. The drive is cush-
ioned by two banks of coupling springs which
dampen engine torque fluctuations to the blower
ond the other driven assemblies. The blower drive
shaft engoges in the serrations of the coupling
cam at the rear end and in serrations of the blower
retor driving hub af the front end. The hub for the
blower drive gedr turns in & bushing in the blower
drive support assembly.

B. Removal of Blower Drive Assembly

The blower assembly must be removed from the
engine before removing the blower drive assem-
bly {refer to “BLOWER REMOVAL").

After the blower assembly has been removed, the
end clearance between the blower drive support
assembly and the hub thrust washer should be
checked before the blower drive assembly is re-
moved from the engine (refer to Fig. 21). A clear-
ance of 005" to 008" is specified at this point.
When this clearance exceeds .0107, the blower
drive support assembly must be replaced. Remove
the blower drive assembly as follows:

1. Disconnect each end of the oil pipe, extend-
ing from the cylinder block to the blower
drive support. The oil pipe will be freed
from the elbows when the support is with-
drawn from the flywheel housing. Remove
the engine crankcase oil level dipstick and
the oil level dipstick tube.

2. Remove the nuts and lockwashers from the
four bolts that extend through the flunge of
the blower drive support and through the
fiywheel housing. Remove the two capscrews
af the front of the flange of the blower drive
supporf.

3. Tap the blower drive support assembly loose
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from the cylinder block end plote and with-
draw the support assembly from the flywheel
housing and the end plate.

C. Blower Drive Disassembly

1. Withdraw the blower drive shaft from the
blower drive gear hub and the coupling
cam. Remove the drive shaft snap ring from
the coupling com.

2. Remove the six {6} copscrews attaching fthe
coupling retainer, coupling support, and the
blower drive gear to the blower drive gear
hub and remove the coupling retainer and
the coupling support.

3. Clamp the blower drive support assembly
in ¢ vise. Straighten the lock and remove the
gear hub nut, lockwasher, hub thrust wash-
er, and the stee| lock ball from the front end
of the blower drive geor hub, Withdraw the
blower drive gear hub from the blower
drive support.

4, Press the blower drive gear from the blower
drive gear hub. If the blower drive support
is to be changed, remove the oil pipe efbow.

5. If the coupling spring assemblies, coupling
spring seats, or the coupling cam are to be
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replaced, clamp the coupling support in a
vise and insert the blower drive shaft into
the coupling cam, then work the coupling
cam out of the coupling springs. Remove the
coupling springs after the coupling com has
been removed. CAUTION: Use care when
removing the coupling cam so that the
springs will not be lost.

D. Inspection of Biower Drive Parts

Inspect the bore and the thrust faces of the bush-
ing located inside the blower drive support. If the
bushings show any score marks that would affect
the bearing efficiency, o new support and bush-
ing assembly must be installed. These bushings are
bored in line; therefore, in case of o bushing fail-
ure the blower drive support assembly must be
replaced.

Check the inside diameter of the bushings far wear
ond roundness, and the outside diameter of the
blower drive gear hub for wear. The proper clear-
ance between the bushings and the hub is .001”
to .002" and must not exceed .005”. If measure-
ments show that the bushings or the hub are worn
to exceed 005" clearance, install a new blower

&

OL PIPE ELBOW
QIL PIPE

Fig. 22 — Blower Drive Details
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drive support assembly, or blower drive gear hub,
or both.

inspect the serrations of the blower drive shaft; if
they are worn so that excessive backlash is evident
between the shaft and the coupling cam, or be-
tween the shaft and the blower rotor driving hub
{in blower), a new blower drive shaft or its mating
parts must be installed.

Inspect the coupling springs, spring seats, and the
coupling cam and replace any parts that are worn
or damaged.

Make certain that all the oil holes are open and
that the oil cavities are free from dirt,

E. Assembly of Blower Drive

1. Clamp the blower drive support assembly
in a vise. Coat the outer side of the blower
drive gear hub and the bushings in the sup-
port assembly with engine oil. Insert the
blower drive gear hub into the suppori

assembly.

Hold the blower drive gear hub in positior
in the support assembly and place the stee




lock ball in the hole in the front end of the
gear hub. Install the hub thrust washer on the
gear hub and over the steel lock ball, with
the large diameter of the thrust washer foc-
ing the bushing in the support assembly.

Prevent the blower drive gear hub from
turning by inserting bolis in two holes in the
gear hub and holding the bolts with a bar.
Install o new lockwasher on the front end of
the gear hub, next to the hub thrust washer,
then install and tighten the gear hub nut.
Check the end clearance between the sup-
port assembly and the hub thrust washer;
this clearance must be between .005” and
.008". Bend the ears of the lockwasher over
the flat sides of the gear hub nut to lock
the nut.

Remove the bolts from the blower drive gear
hub and install the blower drive gear on the
flange of the gear hub, with the flat side
of the gear away from the support assembly.
When installing the gear, line up the holes
in the gear with the holes in the flange of
the gear hub.

5.

COUPLING SPRING SEATS

COUPLING SURPORT
COUPLRG SPRIMG SEATS

Fig. 23 — Blower Drive Flexible Coupling

I the coupling springs and the coupling com
were removed from the coupling support,
a small “C" clamp may be used when assem-
bling. Lubricate the coupling springs with
engine oil and divide the springs into two
(2) banks of 21 leaves euch. Place two {2)
of the half-round coupling spring seats in
position in the coupling support, then place
one (1} bank of coupling springs in position

in the coupling support and on the spring
seats. Hold the coupling cam in position on
the coupling springs, then, using o small
“C clamp in the bore of the cam and over
the outside of the coupling support, compress
the spring bank enough so that the other
bank of coupling springs may be installed.
install the other two {2} half-round coupling
spring seats in position and install the other
bank of coupling springs. Remove the "C"
clamp.

Place the coupling support (with cam and
springs} in position on the blower drive gear
so that the lobes of the coupling cam are
located over the 5/32" oil groove slots in
the face of the blower drive gear hub. Make
certain that the counterbore in one end of
the coupling cam is positioned away from
the blower drive gear when installed.

Place the coupling retdiner against the cou-
pling support, with the center flunge of the
retainer away from the coupling com. In-
stall the attaching capscrews and lockwash.
ers and tighten securely.

install the shoft snap ring in position in the
coupling cam,

F. Instfullution of Blower Drive Assembly

1.

Cement o new gosket to the rear side of the
blower drive support assembly. Place the
oil pipe, for the blower drive, in position
against the oil pipe elbow in the cylinder
block and the elbow in the support assembly
as the support assembly is inserted into the
flywheel housing. The blower drive geor
must mesh with the engine comshaft gear
as the support assembly is inserted into the
flywheel housing. Secure the support os-
sembly, using four {4) 3" NF x 5 bolts and
two 34" NF x 13/16" capscrews. CAUTIONM:
Make certain that the two (2) capscrews are
of the proper fength (13/16"} as longer
capscrews will strike the camshaft gear. Con-
nect the oil pipe to the oil pipe eibows.

Insert the rear end of the blower drive shoft
(end of shaft with shortest serrations)
through the blower drive gear hub and into

Ed
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position in the serrations in the coupling
CQITL.

3. Install the blower assembly (refer to "BLOW-
ER INSTALLATION” in this Section).

7. AIR BOX AND CYLINDER LINER AIR PORTS

A, Cylinder Block Air Box and
Droin Tubes

The upper part of the cylinder block is hollow and
is called the wir box. The cylinder liners extend
through this hollow part and down into the lower
part of the cylinder block. Air ports in the cylinder
liners register with openings in the air box. Air sup-
plied by the blower posses through the air box
and into the eylinders, as the air ports in the cylin-
der liners are uncovered by the pistons moving to
the botiom of their stroke.

In normal operation, water vapor from the air, as
well as a slight amount of fuel and lubricating oil
fumes, condense and settle in the bottom of the
air box. An air box drain tube, located approxi-
mately in the center of the left side of the cylinder
block, is provided for drainage. IMPORTANT: #
is important that the drain tube be kept open at
all imes.

When the drain tube is open and functioning prop-
erly, o stream of air can be felt emerging from the
end of the tube when the engine is running. If the
drain tube becomes clogged, the drain tube must
be removed and cleaned.

B. Cylinder Liner Air Poris

The engine is equipped with cylinder liners having
a single row of 3" holes (15 holes) drilled in the
circumference of each liner. These holes, or air
ports, must be kept open to allow free passage of
air into the cylinders. Inspection for the condition
of the air ports should be made ot frequent inter-
vals (at least ever 500 hours of engine operation),
as hard carbon or sludge will build up in the air
ports and restrict the passage of air. Remove the
hand hole covers from the left side of the cylinder
block to inspect the air ports.

if inspection shows the air port openings reduced
by 30% or more due to clogging, cleaning of the
oir ports is necessary. The cylinder head must be
removed to clean the air ports properly and to

remove the material scraped from the ports during
the cleaning operation. To clean the air ports, pro-
ceed os follows:

1. Remove the cylinder head assembly (refer
to "CYLINDER HEAD REMOVAL,” Section
1X).

2. Rotate the engine crankshaft by hand until
the piston in the cylinder liner to be cleaned
is at the bottom of its stroke.

3. Using o bolt or a square stick of wood sharp-
ened to a tapered point, clean all the air
ports from the inside of the cylinder liner.

4. After all the air ports in one cylinder liner
have been cleaned, use compressed air to
blow all carbon particles from the head of
the piston and out of the cylinder. Touch up
the area around the air ports with fine emery
paper to be sure that no burrs or nicks are
left on the inside of the cylinder liner. Again
clean the cylinder with compressed air, be-
fore rotating the engine crankshaft ta work
on another cylinder.

NOTE: With the cylinder liners removed from
the engine, the air ports may be cleaned by




soaking the liners in a hot caustic solution
of sada or lye, long enough to loosen carbon
deposits, Final cleaning may then be uccom-
plished by brushing away the loosened de-
posits,

3. After the air ports in all the cylinder liners
have been cleaned, clean all the carbon

from the cylinder block air box. Remove the
air box hand hole covers, air box drain tube,
and the drain tube elbow while cleaning the
air box.

6. Be sure that the air box drain tube is open
and the drain tube elbow is clean before re-
installing the tube.

8. COLD WEATHER ENGINE PRIMER

A. Purpose

In warm weather, sufficient heat is generated by
the compression of the air in the cylinders to ignite
the fuel and start the engine within o very short
cranking period. However, 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. A large part of the
heat generated by compression of the air is ab-
sorbed by the pistons and cylinder walls. This heat
loss and reduced cranking speed may reduce the
temperature of the air in the cylinders to a point
too low to ignite the fuel. A starting aid must then
be used in storting the engine.

B. Description

The cold weather engine primer consists of o dis-

- penser assembly, which holds and punctures a cap-
sule containing ethyl ether starting fluid, o primer
pump to force the fluid through a small nozzle and
into the blower air intake housing, a primer elbow
assembly, and the necessary lines to complete the
system. The primer pump is mounted in the left
side of the instrument panel and the dispenser
assembly is attached to the cowl, to the right of the
instrument panel.

The starting fluid is forced through the primer el-
bow assembly and into the blower air intake hous-
ng, where it is picked up by the engine blower
and is blown info the cylinders.

Since the starting fluid is highly combustible,
it is easily ignited by compression in the eylinders.
The engine will start quickly at low ambient tem-
peratures with the aid of the primer, even when
the starter cranks the engine at a low cranking
speed.
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’ i
Fig. 25 —Cold Wenther Engine Primer
Pump ond Dispenser Location
The starting fluid capsules, available in 7 c.c. and
17 c.c. sizes, can be obfained from “Allis-Chal-
mers” Dealers.

C. Operation

1. Unscrew the upper chamber of the engine
primer dispenser.

2. Place o capsule of fluid, small or large size,
depending upon the air temperature and the
requirements established by trial, in the low-
er chamber or body of the dispenser. In ex-
tremely low temperatures, one large and one
small capsule may be necessary.

3. Pull the plunger to the top of the upper
chamber and screw the chamber tightly onto
the dispenser body.

4. Push the plunger to bottom, thereby punc-
turing the capsule and releasing the starting
fluid so it can be picked up by the engine
primer pump,



5. Push the engine shut-off knob all the way
forward (operating position}) and pull the
throttle lever all the way back {wide open
position).

Depress the starter pedal to crank the en-
gine, und af the same fime operate the
primer pump to force the starting fluid into
the engine air system. Continue pumping,
after the engine starts and runs on regular
fuel, until all of the fluid in the dispenser has
been injected into the engine.

7. While the engine is warming up, unscrew
the upper chamber of the primer dispenser
and remove the empty copsule. Reinstall
the upper chamber.

CAUTION: The starting fluid contained in the cap-
sule is essentially ethyf ether, highly inflammable,
and should be ireated with the same caution as
high octane gasoline. Gelatine capsules dissolve
in water and soften at high femperatures. There-
fore, the following precautions must be foken:

1. Avoid breathing large quantities of the
fumes from the fluid.

Avoid cutting the hand by barbs on the punc-
turing plunger.

3. Avoid proximity of fluid and capsules to
open flames, sparks, or hot surfaces.

Avoid contact of capsules with water.

Avoid subjection of capsules fo high fem-
peratures (above approximately 120° F).

D. Inspection and Service

If the engine is cranked with the engine shut-off
knob in run position (all the way forward) and with
the throitle lever pulled all the way back, and does
not start after two or three strokes of the primer
pump, it is advisable to stop cranking and inspect
the primer system for possible causes of failure.

Check the primer sysiem as follows:
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... Fig. 26— Primer Pump and Primer Elbow Detnils .

1. Primer Elhow Assembly Clogged

This condition will usually be indicated by
excessive resisfance on the primer pump. A
partially clogged primer elbow assembly
will prevent the delivery of sufficient starting
fluid to the engine air inlet system. To clean
the primer elbow assembly, remove the
elbow assembly from the blower air intake
housing ond remove the small nozzle from
the primer elbow assembly. Remove and
clean the nozzle swirl pin and open the hole
in the end of the nozzle, if clogged. CAU-
TION: Do not enlarge the hole in the end of
the nozzle. After cleaning, reassemble the
primer elbow assembly and install the as-
sembly in the blower air intake housing.

2. Inoperative Primer Pump

Failure of the primer pump to function prop-
erly may be due to worn or domaged pump
piston rings, o clogged dispenser filter
screen, clogged fluid lines, or “frozen” or
worn check valve balls. The piston rings on
the piston are made of a special rubber com-
position and must be replaced by duplicate
parts if worn or domaged.



To replace the pump piston rings, loosen the
knurled nut (under knob) from the pump
barrel and withdraw the piston assembly
from the barrel. Remove the piston rings
from the grooves in the piston assembly and
install new rings. Lubricate the piston rings
and piston with engine oil and install the pis-
ton assembly in the pump barrel.

Ball Check Valves

The two spring loaded ball check valves, lo-
cated in the inlet and outlet ports of the
pump, are provided to close the pump ports
at the proper time. When the pump piston is
pulled out (suction stroke, drawing fluid from
dispenser) the ball check valve at the inlet
port opens, dallowing the fluid to be drawn
from the dispenser. When the pump piston
is pushed in {delivery stroke, supplying fluid
to the primer elbow ossembly), the ball
check valve at the outlet port opens, allow-
ing the pump to force the fluid to the primer
elbow assembly.

Worn or “frozen” ball check volves, or
broken springs, will prevent the pump from
operating properly. When this occurs, re-
move the spring retainers, springs, and balls
from the inlet and outlet ports of the pump.
Inspect the balls, ball seats, and springs for
wear or damage. Clean the pump barrel and
all components thoroughly and reassemble,
using new parts where necessary.

Clogged Dispenser Strainer

A strainer is aftached to the plug which is
screwed intc the bottom of the dispenser
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body. If the gelatine capsules are not re-
moved soon after puncturing, the gelatine
will melt and will clog the strainer screen.

To clean the strainer, unscrew the plug from
the dispenser body and wash the strainer
and plug in hot water. The strainer may be
removed for replacement if necessary by
removing the strainer screw attaching the
strainer fo the plug. The dispenser body may
be washed without removing it from the cowl
by removing the upper chamber, the line
connector, and the plug.

Reassemble the dispenser assembly by a di-
rect reversal of the disussembly procedure.
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Fig. 27 — Primer Dispenser Details




SECTION IV —ENGINE COOLING SYSTEM

Topic Title
Description of System
General Maintenance

Filling and Draining of System
Cleaning of Cooling System
Radiator and Radiator Shell

Water Pump

Woater Manifold and Thermostat

....................

Topic No.

.........
......
........

At T SR R N 4% W B

.....

Fan, Fan Belts, ond Fan Belt Tightening

idler

.......................

8

T. DESCRIPTION OF SYSTEM

The engine cooling system consists of the water
pump, radiator, engine oil cooler, thermostut, cool-
ing fan, fan belt tightening idler, and the water
passages in the cylinder block and cylinder head.

The water pump draws the coolant from the bot-
tom of the radiator and circulates it through the
engine oil cooler housing und the water passages
in the engine. The coolant is discharged from the
cylinder head into the water manifold and posses

through the thermostat housing and the upper ro-
diator hose to the upper part of the radiator, The
coolunt is cooled as it passes from the top to the
bottom of the radiator by air drawn through the
radiator core by the cooling fan.

The thermostat, located in the housing on the front
of the water manifold of the engine, operates au-
tomatically to maintain o normal engine coolant
operating temperature of 1607 to 185° F.

2. GENERAL MAINTENANCE

Keep the cooling system filled with clean soft water
or rain water whenever possible. If soft water is
not availoble and hard water must be used, the
hard water should first be treated with o water
softener. A commercially reliable rust inhibitor
should be added to the cooling system for warm
weother operation. A rust inhibitor (soluble oil) is
availuble from “Allis-Chalmers” Dealers
should be added in proportions of one pint of

and

soluble oil to every 15 quarts of water, The use of
water confaining lime will result in lime deposits
in the cylinder head and cylinder block, causing
hot spots in the engine and eventually restricting
the woter passages. Alkali in the water will couse
a corrosive action detrimental to the engine. CAU-
TION: NEVER ADD ANTI-FREEZE SOLUTION TO
A COOLING SYSTEM THAT CONTAINS A RUST
INHIBITOR. Drain, flush, and refill the system with
clean water before adding an anti-freeze solution
for cold weather operation.

In winter weather, use an ethylene glycol anti-
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freeze solution in the system to profect ugainst
domage from freezing. This type of anti-freeze has
o much higher boiling point than water. After any
addition of water or anti-freeze solution, test the
solution ofter the added quantity has become
thoroughly mixed to make sure it will withstand
the prevailing or anticipated temperature. A mix-
ture of 60% ethylene glyco!l and 40% water will
provide maximum protection: the use of more than
40% ethylene glycol in the solution will raise the
freezing point and provide less protection agaoinst
freezing.

Keep the radiator air passages free from leaves,
trash, and other moterial 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 and the fan belts must be kept prop-
erly adjusted. The most efficient engine operation
is obtained with the coolant temperature held with-
in a ronge of 160° to 185" F. Operating the en-
gine with coolant femperature below this range



will result in incomplete combustion of fuel, higher
fuel consumption with less power, and will cause
harmful deposits within the engine.

Maintaining the normal engine coolant tfempera-
fure {160° to 185" F.) depends mostly on the
proper functioning of the thermostat. If the engine
coolant temperature remains consistently below
normal, the thermostat should be removed and

3. FILLING AND DRAINING OF SYSTEM

A. Filling Cooling System

The engine is equipped with a woter by-pass tube
extending from the water manifold to the water
pump. When the engine coolant is below normal
operating temperature (thermostat closed), this by-
pass tube allows the coolant to pass directly from
the water manifold to the waler pump, by-passing
the radiator. The coolant by-passing the radiator
will werm up more quickly, as will the engine oil
cireulating through the engine oil cooler. When
the coclant within the engine reaches approxi-
mately 160° F., the thermostat opens and allows
the coolant to cireulate through the radiator,

Air in the cooling system is vented through o vent
cock, located! in the top of the thermostat housing.
Three drain cocks, one in the bottom of the ther-
mostat housing, one in the bottom of the water
pump housing, and one in the bottom of the en-
gine oil cooler housing are provided to drain the
system.

Remove the radiator cap and fill the cooling system
through the radiator cop opening, after first clos-
ing all three drain cocks. IMPORTANT: Open the
vent cock Jocated in the top of the thermostat hous-
ing then fill the system through the radiator unfil
coolant flows from the vent cock. This allows air
trapped in the engine by the closed thermostat to
escape. Close the vent cock and complete the filling
of the system.

B. Draining Cooling System

Open the drain cocks in the bottom of the water
pump housing, engine oil cooler housing, and the
bottom of the thermostat housing. Open the vent
cock in the top of the thermestat housing and allow
the coolant to drain, CAUTION: When draining the

inspected. If the thermostat is corroded or stuck,
install @ new unif.

When operating in cold weather, provide a cover
for the radiotor and for the sides of the engine
compartment if the thermostat proves inadequote
to mamtain the normal coolant operating tem-
peruture.

= F
i WATER PUMP DRAIN COCK

cooling system in freezing weather, make certain
the coolant flows freely from all the drain cocks
and that the system drains completely.



4. CLEANING OF COOLING SYSTEM

it is recommended that the cooling system be
cleaned ot least twice a year, usually at the be-
ginning of cold weather (before adding an anti-
freeze solution) and again aofter the anti-freeze
solution is removed. Cleaning ot these intervals
will reduce clogging and overheating and will
minimize the necessity of removing the radiotor
for cleaning.

If bard 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.

Flushing the radiator will remove obstructions in
the radiator tubes and other water passages,
which, if not removed, would eventually clog these
passages. 1t is also importont the air passages
through the radiator be kept free of obstructions
and the exterior of the engine be kept free from
thick deposits of dust and oil.

1. CLEANING MATERIALS. Sal Soda is a very
effective and safe solvent for the removal of
lime, scale, and ofher foreign deposits from
the cooling system.  should be used in the
proportions indicated and according to the
directions printed on the container in which
it is purchased. Many other good cleaning
solvents for this purpose are available; these
should also be used according to directions.
After the solvent has been in the cooling sys-
tem the prescribed length of time, the system
should be completely drained, and, ofter
the engine has cooled sufficiently, thorough-
ly flushed with clean water, The vuse of cer-
fain cleaning compounds requires the use of
a neutralizer solution, which is vsually pack-
ed and sold with the cleaning compound and
should be used as directed. CAUTION:
Never mix anti-freeze solutions or inkibitors
with any cleaning, neutralizing, or flushing
compounds.

2. FLUSHING. If the tubes in the radiator be-
comg clogged, the obsiructions may some-
times be removed by reverse flushing of the
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radiator. When the clogging is caused by
leaves or other trash, this material is usually
deposited af the tops of the radiator tubes,

Disconnect the radiator outlet hose (lower
hose), and using a suitable adapter, connect
a pressure water hose to the lower radiator
outlet elbow. Remove the radiator inlet
elbow (upper elbow) and plug the inlet
opening of the radiator. Remove the radiator
cap ond force water upward through the
radiator. The trash will be loosened from
the top of the tubes and will flow cut through
the top of the radiator with the water. CAU-
TION: Do not use over 5 pounds pressure in
this flushing operafion as excessive pressure
may cause the radiator tubes or tanks to
rupture,

INSPECT FOR LEAKS AFTER CLEANING OR
FLUSHING. After the cooling system has
been cleaned or flushed, ond ofter the sys-
tem is refilled, o complete inspection of the
system should be made for coolant leaks.
Correct all leaks to avoid foaming, loss of
solution, and corrosion.

When servicing the cooling system for sum-
mer operation, it is recommended that o re-
liable rust inhibitor (soluble oil} be added to
the coolant fo keep the system free from
rust. Use the inhibitor as directed on the
container,

CLEANING EXTERIOR OF RADIATOR.
Cleaning the fins of the radiator can best
be accomplished by means of an air blast
carrying o grease solvent, such as oleum
spirits or carbon tetrachloride, directed at
the front side of the core and passing
through to the back, or the fan side. Never
use guasoline, fuel, or kerosene. The ra-
diator grille should be opened and the en-
gine should be covered before performing
this operation. CAUTION: Provide adequate
ventilotion of the working area during this
operction to ovoid possible toxic effects of
the cleaning sprey.



5. RADIATOR AND RADIATOR SHELL

A, Description

The radiator shell is o heavy steel weldment con-
sisting of a shell and fun shroud. Brackets, welded
to the back side of the shell, ore incorporated in
the design for attaching a fan guard. A heavy, bar
type, hinged grille is attached to the front of the
shell for protection of the radiator. The radiator
is of the conventional tubular type and is mounted
in the radiator shell.

HEADUGHY CARLE

g
RADIATOR EILER CAP ééfﬁmog SHELL

RABIATOR

i a

GRILE TATCH

8. RBemovul of Rediator and
Radiator Shell

1. Drain the cooling system {refer to “FILLING
AND DRAINING OF SYSTEM” in this Sec-
fion).

Open the radiator grille. Remove the two
{2) screws and plain washers attaching the
headlight cable clips to the top of the radia-
tor. Disconnect the headlight cable from the
main wiring barness at the cable connector,
located at the lower left front corner of
the radiator.

Remove the capscrews attaching the radia-
tor inlet eilbow and the rodiotor cutlet elbow
to the radiator,

Support the radiator and remove the four
(4) capscrews and plain washers attaching
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mm_i‘iug‘ 4 — Removing Radictor from Shell &

each side of the radiator to the radiator
shell, Remove the radiator from the shell as
shown in Fig. 4.

5. If it is necessary to remove the radiator shell,
proceed as follows:

a. Remove the air pre-cleaner and the en-
gine hood. Remove the bolts attaching
the right and left front fenders to the
radiator shell.

b. If the troctor is equipped with radiator

shell-tocow! bracing rods, loosen the
front of the bracing rods from the radia-
tor shell. Remove the two bolts attaching
each lower carner of the radiator shell
to the main frame and remove the radi-
ator shell and grille as an assembly.

€. Inspection and Repair

Clean the air passages in the radiator core and
test the core far clogging and lecks. Clean the
core if clogging is eviden! and repair any leaks
by soldering. Straighten any bent cooling fins.

0. Installation of Radiator and
Radiator Shell

1. If the radiator shell is removed from the
tractor, place the radiator shell in position



on the main frame; install two (2) bolts, plain
washers, lockwashers,
each lower corner of the radiator shell to

and nuts to secure

the main frame. Do not tighten the bolts at
this time.

2. Install three (3) bolts, plain washers, lock-
washers, and nuts to secure eugFl front fend-
er to the radiator shell. Tighten the front
fender attaching bolts and the bolts attach>
ing the radiator shell to the main frame.

3. Place the radiator in position in the radiator
shell and install the capscrews and plain
washers to secure the radiator to the radi-
ator shell. When installing these attaching
capscrews, be sure they are inserted through
the corresponding headlight cable clips. In-
stall the two screws and plain washers to

secure the headlight cable to the front top
of the radiator.

4. Using gasket cement, cement a new gasket
in position on the radiator inlet elbow
{upper elbow) and on the radiator outlet
elbow (lower elbow). Secure these elbows
to the radiator with capscrews and lock-
washers.

5. Install the engine hood and the air pre-
cleaner. Connect the headlight cable to the
main wiring harness at the cable connector,
located at the lower left front corner of the
radiator.

6. Close and fasten the radiator grille. Fill the
cooling system (refer to “FILLING AND}i
DRAINING OF SYSTEM” in this Section). ©

6. WATER PUMP

A. Description

A centrifugal type water pump is used for circulat-
ing the coolant through the engine and radiator. A
bronze impeller is pressed on, and pinned to, one
end of a case-hardened steel pump shaft and «
pump shaft coupling, with an oil slinger, is pressed
on the opposite end. The oil slinger shrouds the
inner end of the pump body flange to prevent oil
from creeping along the pump shaft and through
the pump shaft bearing. The pump shaft is sup-
ported at the drive end by a sealed double row
combination radial and thrust ball bearing and is
; nted from moving endwise by “staking” the
pimp housing, at the inner end of the bearing. The
pump shaft and the bearing constitute one assem-
bly and are serviced only as a unit. Water is pre-
vented from creeping along the pump shaft from
the impeller end by means of a spring-loaded
“NEOPRENE" seal, retained in the impeller by a

.. seal retaining cup.

Pump Lubrication

The water pump shaft bearing is of the “shielded”
type and is filled with lubricant when assembled,
therefore no further lubrication is necessary.
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€. Service

The construction of the water pump is conducive
to long life with minimum attention, providing only
clean water is added to the cooling system. Water
containing alkali is especially harmful to the water
pump as alkali causes corrosion of the seating sur-
face for the water pump seal.

D. Removal of Water Pump

1. Drain the cooling system
AND DRAINING O
tion).

2. Remove the right front fender. Remove the
breathing pipe from the governor. ™

3. Loosen +he seal

ching the pump outlet packing
flange to the cylinder block‘.:




Free the water pump from the blower by
“jarring” it with the palm of the hand and
revolve it until the pump will clear the adia

and press the pump shaft from the pump
shaft coupling. The pump shaft coupling is
pressed on the pump shaft and is driven

solely through the press fit. The metal
stretches when the coupling is pressed onto
the shaft and, if the coupling is repeatedly
removed ond installed, the bore coupling
will become enlarged, causing a loose fit
of the coupling on the pump shaft, This fit
should be checked and o new coupling
should be installed if necessary.

cent parts and can be removed.
E. Water Pump Disassembly

1. Remove the four (4) nuts and lockwoshers
and separate the pump body cover from the
pump body.

2. Using a small punch, drive the 3/16" x %"
groove pin out of the pump shaft and the
impeller.

. o g PUSH-PULLER: =
Place the pump in a press as shown in Fig, 5, ~t

and press the pump shaft from the impeller.
The pump shoft and shaft bearing will be
removed from the pump body in this opera-
tion, If replacement of the seal assembly or
of the pump body insert is the only repair
necessary, no further disassembly of the
pump is necessary as the seal assembly ond
the body insert may now be removed.

E
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L. Fig. 6 —Pressing Water Pump Shaft from
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b
o inspection and Repagir

IMPELLER

HYDRALLIC BUMP Repair of the water pump will consist ;
' placement of any parts that are worn. If
sealing washer or the bady insert are scor
are rough, replace the seal assembly and the'bo
insert. NOTE: The seal ussembfy is serviced only as

-a unit.

it into positioh in the counterbore of the
pump body. CAUTION: Be sure the polished
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Fig. & — Water Pump Atiaching Paris ...

surface of the body insert is up when install-
ing and the counterbore of the pump body
is clean, so the body insert will seat square-
fy in the pump body.

G. Assembly of Water Pump

When assembling the water pump refer to Figs. 7
and 8, which show the relative location of all parts,
and assemble as follows:

1.

Place the pump body on a bench {cover end
down). With the slinger in position on the
pump shaft, insert the shaft and the bearing
assembly into position in the pump body
and press the bearing into the bore in the
pump body until the inner end of the bearing
is flush with the inner face of the flange.
Using a center punch, stake the flange of
the pump body against the end of the bear-
ing outer race in three or four places, to pre-
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BODY [NSERT
Fig. 7 -~ Water Pump Details
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g apt

IMPELLER |

vent the bearing from moving endwise in the
pump body,

Install the seal assembly in position on the
pump shaft. Start the impeller on the end of
the pump shaft; position the impeller so the
hele in the shaft lines up with the hole in
the impeller. Support the other end of the
shaft on the bed of a press, then press the
impeller onto the shaft so that it is located
11/32" past the end of the shaft (or until
the holes are aligned). Drive the groove pin
inta place and stake the impeller against the
end of the groove pin to prevent the pin
from working out.

Support the impeller end of the pump shaft
on a suitable press and press the pump shaft
coupling onto the inner end of the shaft, flush
with the end of the shaft.

Rotate the pump shaft by hand to check for
clearance between the impeller and the
pump body. A clearance of 005" is satis-
factory.

Pluce a gasket on the pump body and in-
stall the pump body cover over the studs o
that the elbow end will align with the engine
oil cooler housing when the pump is installed
on the engine. Secure the pump body cover
to the pump body with four nuts and lock-
washers. Again turn the pump shaft by hand
to check for clearance between the impeller
and the pump body cover.



H. Instaliafion of Water Pump

1. If the pump drive coupling was removed
from the blower rotor shaft, insert the splined
end of the coupling into the mating splines
of the blower rotor shaft, and install the
57167 NJF. x 114" socket-head capscrew fo
secure the coupling to the rotor shaft,

2. Place the water outlet packing flange over
the pump outlet, with the flat machined face
towards the pump body, then install the
pump outlet packing in place on the pump
outlet,

3. Place the hose clamp and the water pump-
to-oil cooler seal in position on the engine
oil cooler.

Hold the water pump in place at the front
end of the blower, so that the lugs on the
two drive couplings are in line and the pump

outlet points down. Secure the pump fo the
blower with three (3) capscrews and copper
washers,

5. Slide the outlet packing and the outlet pack-
ing flange over against the cylinder block
and secure the flange to the cylinder block
with two {2) copscrews.

6. Make certain the pump-to-oil cocler seal is
properly positioned and tighten the hose
clamp, located on the seal.

7. Connect the water by-pass tube hose to the
elbow, located in the water pump body
COVET.

8. Install the breathing pipe in position on the
governor and install the right front fender.

9. Fill the engine cooling system with coolant
{refer to “FILLING AND DRAINING OF 5YS-
TEM” in this Section).

7. WATER MANIFOLD AND THERMOSTAT

A, Description

Coolant leaving the cylinder head through the
openings directly over each exhaoust port, enters
the water manifold which is aHached to the cylin
der head. A gradually increasing area in the mani-
fold from the rear end terminates in a flunge at
the front end of the manifold where the thermostat
housing is attached.

Unrestricted flow of coelant through the circulating
system is wccomplished by the vse of o thermostat,
so positioned, that when the thermostat is closed,
the flow of water from the engine water manifold
to the radictor inlet is shut off. The flow of coolant
is then directed from the water manifold to the
water by-pass tube cnd then back to the inlet side
of the water pump.

Before the thermostat opens (below water tem-
perature of approximately 1657 F.), the water cir-
culates through the engine circulating system only.
When the thermostat opens (fully opened af ap-
proximately 1857 F.}, the water circulates through
the radiator and the entire system.
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B. Service

Replacement of the thermastat will be necessary
when the thermostat becomes corroded, sticking
in the open or closed position.

€. Thermostat Replacement

1. Drain the cooling system (refer to “FILLING
AND DRAINING OF SYSTEM” in this Sec-
tion).

2. Disconnect the radiator inlet hose from the
water manifold outlet elbow.

3. Remove the four {4) capscrews attaching the
water manifold outlet elbow to the front of
the water manifold and remove the elbow,
gasket, and the thermostat,

4, Clean the seat for the thermostat in the out-
let elbow. Examine the cutlet elbow attach-
ing guasket, and the gasket used between the
thermostat housing and the water manifold,
and replace if necessary. Using gasket ce-
ment, cement the gaskets in position on their
respective components.
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5. Insert the thermostat in position in the ther- mostat.
mostat housing {large end toward the front),
then install the outlet elbow. Secure the out- 4. Remove the nuts und lockwashers attaching
let elbaw to the water manifold and ther- the water manifold to the cylinder head and
mostat housing with four (4) capscrews and remove the manifeld. Remove the manifold
Jockwashers. gaskets. Clean all traces of the old gaskets

from the cylinder head and the manifold.
4. Codat the inside of the radiator inlet hose with

sealing compound and connect it to the 5. Using gasket cement or sealing compound,
water manifeld outlet elbow. Tighten the cement a new manifold gasket in position
hose clamp. around each opening in the cylinder head
and install the manifold in position on the

7. Fill the engine cooling system with coolant cylinder head. Install the lockwashers and
{refer to “FILLING AND DRAINING OF 5YS- nuts on the studs and tighten the nuts evenly,
TEM™ in this Section}). starting af the center of the manifold and

working towards each end.
D. Water Manifold Replacement

4. Install the water manifold outlet elbow and

1. Drain the cooling system {refer to “FILLING the thermostat as described in “THERMO-
AND DRAINING OF SYSTEM” in this Sec- STAT REPLACEMENT” in this Section.
fion}.

7. Install the thermo gage in the rear of the
water manifold, Install the muffler using new
exhaust muffier attaching gaskets. Install the
engine hood and the air pre-cleaner,

2. Remove the engine air pre-cleaner, engine
hoed, and the exhaust muffler.

3. Disconnect the thermo gage from the rear

of the water manifoid. Remove the four {4}

capscrews attaching the water manifold

autlet elbow to the front of the water mani-

fold and remove the elbow and the ther-
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8. Fill the engine cooling system with coolant
(refer to "FILLING AND DRAINING OF SYS-
TEM" in this Section).




8. FAN, FAN BELTS, AND FAN BELT TIGHTENING IDLER

A. Description

The fan draws air through the radiator and helps
10 cool the engine coolant as the coolant circulates
from the fop to the bottom of the radiator core.
The fan assembly is mounted on a bracket, which is
bolted to the engine balance weight cover. The
fan is bolted to the fan pulley, which rotates on two
ball bearings, and is driven by two (2) V-belts from
o pulley located on the front end of the engine
crankshaft, A fan belt tightening idler assembly,
mounted on o bracket bolted to the right side of
the engine balance weight cover, is provided for
adjusting the fan belts.

B. Lubrication

The fan pulley bearings and the fan belt tighiening
idler bearings must be lubricated after each 200
hours of operation. A lubricating fitting is provided
in the fan pulley and in the pulley of the fan belt
tightening idler for lubricafing the bearings. Use
only o hand operating fype grease gun when lu-
bricating, to prevent damage to the oil seals from
BXCESSive pressure.

€. Fan Belt Adjustment

The fan belts ore properly adjusted when the
straight {left) side of the belts can be pressed in-
ward approximaiely 1% inches at o point half-way
between the crankshafi and the fan pulleys.

To Adjust the Fon Belts

1. Loosen the capscrew in the adjusting arm
at the idler pulley and loosen the two fan
idler hinge baolts.

2. Move the fan idler in or out until the correct
tension on the belts is obtained, then tighten
the capscrew in the adjusting arm ond the
fan idler hinge bolts.

D. Removal of Fon Assembly

1. Remove the engine dir pre-cleoner, engine
hood, and the right front fender.

2. Loosen the tension of the fan belts. Remove
the four capscrews attaching the fan to the
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FANUIDLER PULLEY

“ Fig. 10 —Fan Belf A;’us?menf

fan pulley and lower the fan into the fan
shroud.

Remove the three (3) capscrews attaching
the fan mounting bracket to the engine bal-
ance weight cover, then remove the two (2)
fan belts from the fan pulley. Remove the
fan pulley assembly and remove the fan.

E. Disussembly of Fan Pulley Assembiy

1. Remove the fan spacer from the pulley.

2. Remove the retaining nut and the spindle
washer from the rear end of the fan spindle,
then using o suitable puller, remove the fan
mounting bracket. Remove the "“WOOD-
RUFF” key from the spindle.

Remove the snap ring from the fan pulley
and turn the cork seal washer retainer out
of the fan pulley. Remove the cork seal wash-
er, steel seal washer, and the seal washer
gasket,

Install the retaining nut on the rear end of
the fan spindle, place the assembly in o vise
by clamping the retaining nut, then drive the
pulley off the fan spindle.

Remove the cotter pin and the jam nut from
the front end of the spindle, place the spin-
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dle in a press, and press the spindle out of
the bearings.

F. Inspection of Fan Paris

Woash all the parts in clean solvent or fuel and
inspect them for wear or damage. Lubricate the
bearings with engine oil and rotate them by hand
to check for binding or wear and replace if they
do not roll easily or if they are worn. The bearings
must fit snug in the pulley and on the fan spindle.
Replace the spindle if it is bent or worn, or if the
threads are damaged beyond repair. Discard the
cork seal wosher and install o new one when as-
sembling. Replace the fan belts if they are frayed.
Make certain that the pulley grooves are smooth.

G. Assembly of Fan

When assembling the fan, refer to Fig. 11 which
shows the relative location of the ports.

1. Press the rear bearing in position on the fan
spindle. Place the spacing sleeve and the
front bearing spacing washer in positien on

""WOODRUFFY KEY

—,
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. Fig, 11 —Fan Details
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the spindle. Press the front bearing in po-
sition on the spindle, moking certain it is
pressed tight against the spacing washer.
install the jom nut on the front end of the
spindle, tighten the nut securely, and in-
stall the cotter pin.

Start the spindle into the rear of the puliey
and press or drive it into position.

Place the seal washer gusket and the steel
seal washer in position on the spindle. Install
a new cork seal washer in position in the cork
seal washer retainer. Before installing the
retainer in the fan pulley, it is necessary to
mark the location of the hole in the retainer,
for the locking prong of the snap ring, as
the hole is not visible when the retainer is
installed. Install the cork seal washer retain-
er and tighten it securely. Install the snap
ring around the hub of the pulley, with the
prong of the snap ring inserted through the
hole in the pulley hub and into the hole in
the cork seal washer retainer.



4. Install the pulley cap in position in the front
of the pulley if the cap was removed. Insiall
the “WOODRUFF” key in the rear of the
spindle. Install the fan mounting bracket in
position on the spindle. Install the spindle

washer, retaining nut, and tighten the nut

securely.

5. lnstall the lubricating fitting in the pulley if
the fitting was removed; fill the bearing com-
partment of the pulley with lubricant
through this fitting.

6. Install the fan spacer in position on the

pullay.
H. Installation of Fun Assembly

1. Insert the fon into the fan shroud of the
radiator shell, Hold the fan pulley assembly
in position at the front of the engine, then
ploce the fan belts in position in the grooves
of the pulley, Attach the fan mounting brack-
et to the engine balance weight cover with
three (3] capscrews and lockwashers. Tight-

en the capscrews securely.

Raise the foun from the shroud, install it in

bly, und secure the fun to the pulley with
four capscrews and lockwashers.

3. Adjust the fan bells {refer to “FAN BELT AD-
JUSTMENT” in this Section).
4. Install the front fender, engine hood, and

the air pre-cleaner.
I. Removal of Fan Belt Tightening ldlier

1. Remove the right front fender. Loosen the
capscrew in the adjusting arm of the idler
pulley and loosen the two (2) fan idler hinge

bolfs.

Move the fun idler pulley toward the engine
to loosen the fon belts, then remove the belts
from the grooves in the pulley.

Remove the capscrews aftaching the mount-
ing bracket to the engine balance weight
cover and remove the fan idler assembly
from the engine.

J. Disassembly of Fan Belt
Tightening ldler

1. Remove the mounting bracket from the ad-
position on the front of the fan pulley assem- iusting arm.
i)
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Fig. 12 —Fan Belt Tightening Idler Details
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2. Remove the copscrews affaching the pulley
cap to the pulley and remove the cap and
the cap gasket. Remove the cotter pin and
the jom nut from the adjusting arm,

Place the arm assembly in a sultable press
and press the adjusting arm out of the pul-
ley assembly. Remove the front bearing and
the snap ring from the pulley. Remove the
rear bearing spacing ring, rear bearing,
and the oil seal from the adjusting arm.

K. Inspection of Fan Belf Tightening
Idler Parts

Wash all parts in clean solvent or fuel and inspect
for wear or damage. Lubricate the bearings with
engine oil and rotate them by hand fo check for
binding or wear; replace the bearings if they do
not roll easily or if they are worn, The bearings
must fit snug in the pulley and on the shaft of the
adjusting arm. Examine the oil seal for damage or
wear and replace if necessary. Moke certain the
pulley grooves are smooth. Replace the fan belts
if they are frayed.

L. Assembiy of Fun Belt Tightening
Idier

When assembling the fan belt tightening idler,
refer to Fig. 12 which shows the relative location
of the parts,

1. Install the snap ring in pasition in the bore
of the pulley. Place the pulley on the bed of
o press, with the rear face of the pulley
down, Press the front bearing into the pulley
until the bearing is tight against the snap
ring. Install the pulley cap to hold this bear-
ing in position.

Place the pulley on the press so that the pul-
ley cap is resting on the bed of the press.
Place the rear bearing spacing ring in posi-
tion on the inner race of the front bearing
and press the rear bearing info the pulley
until the rear bearing is tight against the
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spacing ring. Press the oil seal into the pul-
ley, with the lip of the seal pointing away
from the bearing.

Remove the pulley cap. Using a suitable tool
(sleeve) to support the inner and outer race
of the front bearing, place the pulley and
the tool on the press so that the arm may be
installed. Lubricate the oil seal with engine
oil and press the arm into position in the
pulley bearings.

4. Instoll and tighten the jom nut and secure
with o cofter pin. Place the cap gasket and
pulley cap in position on the pulley and se-
cure with four (4) capscrews oand lock-

washers.

Install the lubricating fitting in the pulley if
the fitting was removed; fill the bearing com-
partment of the pulley with lubricant through
this fitting.

Install the mounting bracket in position on
the arm assembly but do not fighten the
hinge bolts.

M, Instaliation of Fan Bels
Tightening idler

1. Place the idler assembly in position on the
engine and secure the mounting bracket to
the engine balance weight cover with three
{3} capscrews and lockwashers.

2. Place the fan belts in position in the grooves
of the pulley.
3. Move the idler pulley out until the correct

tension on the belts is obtained (bells ad-
justed so that the straight (left) side of the
belts can be pressed in approximately 14
inches af a point half-way between the
crankshaft and the fan pulleys), then tighten
the odjusting arm copscrew and the fan
idler hinge bolts (refer to Fig. 10).

4. Install the right front fender.
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1. DESCRIPTION OF SYSTEM
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Ol PRESSURE
REGULATOR VALVE

The engine lubrication system shown schematically,
includes the gear driven oil pump, oil pump pres-
sure relief valve, oil codler, oil cooler by-poss
valve, oil pressure regulator valve, oil filter, and

the oil passages in the engine block and the cylin-
der head.

The oil pump draws the oil from the engine crank-
case and circulates it under pressure through the
oil cooler, engine, and the oil filter. An oil pump
pressure relief valve, located in the oil pump body,
limits the oil pump discharge pressure. An oil
cooler by-pass valve, located in the engine oil
caoler adapter, by-passes the oil directly from the
oil pump to the lubrication system in the engine if
the oil passages in the oil cooler core become

CIE FAN  DRAIN PLUG

Fig. 1 - Schematic Diagram Showing Ol Flow
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clogged, or if in cold weather the oil is too thick to
circulate freely through the oil cooler core. Sta-
bilized oil pressure is maintained within the engine
by an oil pressure regulator valve, located in the oil
gallery at the front end of the engine block.

The oil, after passing through the oil cooler, is con-
ducted through o vertically drilled possage in the
cylinder block to a longitudinal main oil gallery
in the blower side of the cylinder block. This oil
gallery distributes the oil to the main bearings and
ta horizontal passages at each end of the block, A
portion of oil from the main oil gallery is conducted
through an external line to the oil filter. The oil,
after passing through the ofl filter, refurns fo the
crankcase.




From the two horizontal passages in the end of the
eylinder block, two vertical passages (in each end
of the block) carry oil to the end bearings of the
camshaft and the balance shaft, as well as to the ol
possage in the camshaft, which condudis oil to the
camshaft intermediate bearings.

Cil for the lubrication of the connecting rod bear-
ings, piston pins, and for cooling the piston heads,
is provided through the drilled crankshaft from the
adiacent forward main bearings. The gear train
is lubricated by the overflow of ail from the cam-
shaft packet. The blower drive gear bearing is lu-
bricated through an external pipe connected to
the rear horizontal oil passage of the cylinder
block.

A second longitudinal gallery is provided on the
camshaft side of the cylinder head and is supplied
with oil from one of the vertical oil golleries at
each end of the cylinder block. Qil from longi-

tudinal gallery enters the hollow rocker arm shafts
through the hollow rocker shaft bracket capscrews
and lubricates the rocker arm bearings and push
rod clevis bearings.

Excess oil from the rocker arms lubricates the valve
ends and the push rods. The il then drains to the
cam pockets in the cylinder head, from which the
coms are lubricated. After reaching o certain
tevel, this oil overflows through two holes at each
end of the biower housing. This provides {ubrica-
tion for the blower drive gears at the rear end,
and for the governor, drive assembly ot the front
end. A partition in the blower housing cover main-
tains on oil level which submerges the teeth of the
lower gear of the blower. An oil slinger, located
on the front end of the lower rotor shaft, throws oil
into the governor weight assembly. Surplus oil
passes from the blower to the engine crankcase
through drilled holes in the cylinder block.

2. LUBRICATING OIL PUMP

A, Description

The lubricating oil pump is o gear-type pump,
driven by an intermediate gear in mesh with the
driving gear locoted on the front end of the engine
crankshaft. The oil pump intermediate gear sup-
port is doweled and belted to the front of the oil
pump body.

The oil pump body gears are enclosed in a pump
body which is bolted to the No. 1T and No. 2 main
bearing caps. A plunger-type pressure relief valve
is provided in the pressure side of the pump body
to by-pass excess oil to the inlet side of the pump,
when the pump discharge pressure exceeds ap-
proximately 100 pounds per square inch. To pro-
tect the «il pump body gears, and o prevent the
pump from losing its prime, o screen is attached
to the pump oil inlet. The oil screen is partially im-
mersed in the lubricating oil contained in the oil
pan.

B, Oil Pump Removal
1. Remove the crankcase guard.

2. Druain the oil from the engine crankcase and
remove the oil pan from the engine,
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3. Remove the copscrew and lockwasher at-
taching the pump oil inlet to the inlet sup-
porting bracket, Remove the two (2) cap-
screws ond lockwoshers attaching the oil
inlet to the pump body and remove the oil
inlet and its attaching gasket. Remove the
two {2) capscrews and lockwashers ottach-
ing the pump-to-regulotor pipe {Fig. 3) to
the oil pressure regulator.

4. Remove the four (4) capscrews attaching the
oil pump assembly to the front twe (2) main
bearing caps, then remove the pump assem-
bly from the engine, using care not to lose
the oil pump adjusting shims. Tie the adjust-
ing shim packs to their respective positions
on the pump body.

€. Disassembly of Oil Pump

Remove the two {2) capscrews and lock-
washers attaching the pump-to-regulator
pipe {Fig. 3) to the il pump body and re-
move the pipe and its aftaching gasket.

2. Remove the cil pump pressure relief valve
plugs and goskets from each side of the
pump body, then jor the pressure relief
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valve and the spring from the body. remove the intermediate gear.
3. Remove the four (4) capscrews and lock- D. Cleaning and Inspection of Oil
washers attaching the body end cover to the Pump Parts

pump body and remove the cover.
1. Wash the oil pump parts in clean solvent or

4. Remove the pump body driven gear (lower fuel and thoroughly inspect before reas-
gear) from the driven gear shaft. sembly.

5. Place the pump body in a vise, then, by The principal wearing parts of the oil pump
means of a gear puller, pull the driven gear are the pump body gears. If dirt or sludge
(front gear used to drive the pump) from the have been allowed to accumulate in the
drive gear shaft and remove the front lubricating system, the oil pump body gear
“WOODRUFF” key from the shaft. wear may be rather pronounced in a com-

paratively short time.
6. Pull the drive gear shaft (including the pump

body drive gear) from the pump body. 2. Inspect the pump body gear teeth and the
Place the drive gear shaft in an arbor press inside of the pump body for wear and scor-
and press the shaft from the pump body ing. The gear teeth and the inside of the
drive gear. Remove the “WOODRUFF” key body must be smooth, having no scratches,
from the shaft. score marks, or rough spots. When the pump
body gear teeth, or the inside of the pump
7. Remove capscrew, locking washer, and re- body, are scratched or scored, they must
taining washer securing the intermediate be replaced.

gear to the intermediate gear support and
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The radial clearance between the pump
body gears and the pump body, and the end
clearance between the gears and pump
body, must be within the range of .002” to
.0045"”. When these clearances are exceed-
ed, it will be necessary to replace the af-
fected parts.

Inspect the pump shafts and the bushings for
excessive wear or scoring and replace the
necessary parts,

Inspect the pressure relief valve and its bore
in the pump body for wear and scoring and
replace the relief valve and pump body if
necessary.

E. Assembly of Oil Pump

When assembling, refer to Fig. 2 which shows the
relative location of the pump parts.

1.

Install the “WOODRUFF” key in the rear
keyway of the drive gear shaft and start the
pump body drive gear in position on the
shaft and the key. Press the shaft into the
gear so that the distance from the rear face
of the gear to the rear end of the shaft
is 34",

Lubricate the drive gear shaft with engine
oil and insert the drive gear shaft into posi
tion in the pump body. Install the “WOQD-
RUFF” key in the front keyway of the shaft.
Stand the pump body and the drive gear
shaft in a press so that the rear end of the
shaft is supported by the press. Make certain
the flat face of the driven gear is toward the
pump body and start the gear onto the front
end of the shaft. Press the driven gear onto
the shaft to within .004" to .006” of the pump
body.

Lubricate the driven gear shaft and the bush-
ings in the pump body driven gear with en-
gine oil. Install the pump body driven gear
in position on the driven gear shaft.

Place the body end cover in position on the
pump body and secure with capscrews and
lockwashers.
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Lubricate the bushing in the intermediate
gear and install the gear in position on the
intermediate gear support, with the flat face
of the intermediate gear facing the gear
support. Place the retaining washer and the
locking washer in position on the gear sup-
port and install the capscrew. Tighten the
capscrew and secure with the
washer.

locking

Install one of the oil pump pressure relief
valve plugs and gasket in the left side (view-
ed from the rear of the pump as installed in
the engine) of the pump body. Lubricate the
pressure relief valve with engine oil and
insert the valve into the right side of the
pump body, so that the spring end of the
valve is to the outside (toward the blower
side of the engine). Insert the relief valve
spring into position in the valve, then install
the valve plug and gasket. Tighten both
plugs securely.

Place the oil inlet in position on the pump
body, using a new attaching gasket. Secure
the oil inlet to the pump body with cap-
screws and lockwashers.

Install the oil screen in position in the oil
screen cover and secure the oil screen with
the screen retainer.

F. Oil Pump Installation

1.

Place the oil pump assembly in position on
the front two (2) main bearing caps, placing
the adjusting shims in their original positions,
and install the attaching lockwashers and
capscrews.

NOTE: The backlash between the oil pump
driven gear and the intermediate gear
should be .005” to .008". This backlash is
NOT adjustable. If the backlash between
these two gears exceeds .010”, the gears
must be replaced.

The backlash between the intermediate gear
and the driving gear {gear on front end of
crankshaft) should be .005" to .020". The
backlash between these two gears is adjust-
able by the use of adjusting shims between



the mounting pads of the pump body and the
main bearing caps. The addition of a .005"
adjusting shim will increase the backlash be-
tween the two gears approximately .0035",

The above clearance measurements must al-
ways be taken with the pump tightened se-
curely to the main bearing caps.

install the capscrew and lockwasher used
to secure the oil inlet to the inlet supporting
bracket. Install the pump-to-regulator pipe
{Fig. 3), using new attaching goskets, and
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4.

secure the pipe to the pump body and to the
oil pressure regulator with capscrews and
lockwashers.

Install the oil pan on the engine, using a new
oil pan gasket, and secure with capscrews
and lockwashers. Make certain the oil pan
drain plug is tightened securely. Fill the en-
gine crankcase to the proper level with the
specified lubricant,

Install the crankcase guard.



3. OllL PRESSURE REGULATOR

A. Description

Stabilized lubricating ofl pressure is maintained
within the engine at all speeds, regardless of oil
temperature, by means of an oil pressure regulator
assembly, located at the right front corner of the
engine crankcase and in registration with the ver-
tical oil gallery.

The oil pressure regulator assembly consists of o
hollow piston-type valve, compression spring, plug
to retain the spring, ond o regulator body. The
valve is held on its seat in the regulator body by
the spring, which is compressed by the plug screw-
ed into the valve opening in the regulator body.
The regulator assembly is bolted 1o the lower
flange of the engine block and is sealed against oil
leaks by o goasket between the two members.
When conditions are such that the oil pressure at
the regulotor exceeds approximotely 45 pounds
per square inch, the valve is pushed off its seat and
the oil from the engine gallery is by-pussed to the
engine crankcase.

B. Service of Qil Pressure Regulator

Under normal conditions, the oil pressure regulator
should require little or no attention. If the lubricat-
ing system has been allowed to sludge up, the valve
of the regulator may not work freely, causing
sticking in the opened or the closed position,

Whenever the lubricating oil pump is removed for
inspection or repairs, the oil pressure regulator as-

sembly should also be remaved, thoroughly clean-
ed, and inspected.

€. Removal of Ol Pressure Regulator

With the oil pump removed from the engine, the
oil pressure regulator may be removed as follows:

1. Remove the two (2) copscrews atfaching
the regulafor body to the cylinder block.

2. Strike the lower end of the regulator body
lightly to separate the regulator body from
the gasket and the cylinder block. Remove
the regulator assembly and gasket.

B. Disussembly and Inspection of Oil
Pressure Regulator

1. Clamp the regulator body in a vise and re-
move the plug.

2. Remove the spring and valve from the reg-
ulotor body.
3. Thoroughly clean the parts in clean solvent

or fuel, dry with compressed air, and in-
spect. All oil passages must be open and the
valve must be smooth and free from scoring.
Lubricate the valve with engine oil, insert
it info ploce in the bore of the regulator
body, and make certain the valve moves
freely in its bore.

a

;:3 8
REGULATOR BODY 6\;\9 OLL PUMP
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Ol PUMP-TO-REGULATOR PIPE

Fig, 3 — il Pressure Regulator Details
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E. Assembly and Instailation of Oil
Pressure Regulator

When assembling, refer to Fig. 3 which shows the
relative location of all parts.

1. lLubricote the valve with engine oll and in-
sert it into position in the regulator body,

with opened end of valve toward the thread-
ed end of the bore.

2. Insert the spring into the regulator body and
the valve, then install the plug and tighten

securely.

3. Remove all traces of the old gasket from the
regulator body and the cylinder block. Place
a new gasket, cooted with gasket cement,
in position on the regulator body.

4. Attach the regulator body to the cylinder
block with two (2) capscrews and lockwash-
ers and tighten securely.

5. Install the lubricating oil pump (refer to “OIL
PUMP INSTALLATION" in this Section).

4. OIL PUMP DRIVING GEAR AND INTERMEDIATE GEAR

A. Description

The oil pump intermediate gear is mounted on o
support which is doweled and bolted to the front
of the lubricating oil pump body as shown in Fig.
2. With this type mounting, the intermediate gear
may be inspected or replaced when the lubricat-
ing oil pump is removed from the engine.

The oil pump driving gear is located on the front
end of the engine crankshaft and is keyed to the
crankshaft with o “WOODRUFF” key. The driving
gear meshes with the infermediate gear which is
also in mesh with the driven gear located at the
tront end of the oil pump. Whenever inspection or
replacement of the driving gear is necessary, re-
moval of the crankshaft front cover is required.

B. Removual of Oil Pump Driving Gear
and Intermediate Gear

Whenever the lubricating oil pump is removed for
inspection or repairs, these two (2) gears should be
inspected and replaced if necessary. Check the
backlash between the intermediate gear and the
driving gear. The minimum backlash is .005” and
the maximum is .020; the backlash between these
two gears is controllable by the use of adjusting
shims between the pump and the main bearing
caps.

If replacement of the pump intermediate gear is
necessary, the oil pump must be removed to re-
place the gear (refer to “LUBRICATING QIL PUMP”
in this Section).

To replace the oil pump driving gear, proceed as

follows:

1. Remove the dair pre-cleaner, engine hood,
and the radiator assembly (refer to “RADIA-
TOR AND RADIATOR SHELL” in Section V).

2. Remove the crankshaft pulley from the front
of the crankshoft (refer to "CRANKSHAFT,
CRANKSHAFT PULLEY, FLYWHEEL, AND
MAIN BEARINGS” in Section 1X).

3. Remove the bolts attaching the engine front
support to the main frame. Loosen but do
not remove, the bolis attaching the engine
supporting rear brackets to the main frame.
Raise the front end of the engine only
enough so that the front support may be
removed.

4, Remove the two (2) capscrews attaching the
engine front support cap fo the front sup-
port and remove the cap and the front sup-
port.

5. Remove the capscrews attaching the crank-
shaft front cover to the cylinder block and
remove the cover.

6. Remove the front oil secl spacer, oil slinger,
and the oll pump driving gear from the front
end of the crankshaft,

€. Instuliation of Oii Pump Driving Gear

1. Insert the "WOODRUFF” key in the crank-
shaft and push the oil pump driving gear in



position on the crankshaft, with the hub of 4, lower the front end of the engine so that
the gear facing the main bearing. Install the the front support rests on the main frame and
oil slinger, with the convex side of the slinger install and tighten attaching capscrews.

next to the gear,
5. Tighten the capscrews attaching the engine

2. Inspect the front oil seal and replace if neces- front support cap to the front support.
sary. Install the crankshaft front cover in po-
sition on the engine and secure with the at- 6. Tighten the bolts attaching the engine sup-
taching capscrews. Lubricate the oil seal, porting rear brackets to the main frame.
start the front oil seal spacer on the crank-
shaft and push it back through the oil seal 7. Install the two (2) “WOODRUFE” keys in the

crankshaft and install the crankshaft puliey,

and against the oil slinger.
refaining washer, and the crankshaft cap-

3. Examine the cushion ring (rubber ring} for screw.
the engine front support cap and make cer-
tain that it is in good condition. Install the
engine front support and the support cap in
pasition on the crankshaft front cover and
start the cap attaching copscrews but do
not tighten.

8. Install the radiator assembly, engine hood,
and the air pre-cleaner (refer to “INSTALLA-
TION OF RADIATOR AMND BRADIATOR
SHELL” in Section V).

5. LUBRICATING OIL COOLER

CAPSCREW ADAPTER  CORE GASKET
ADAPFTER GASKET

BY-PASS VALVE

COOLER CORE HOUSING
HOUSIMNG GASKET
SPRIMG

3 1N g o '§§
PLUG X g

CAPSCREW
CAPSCREW

NOTE: THIS ASSEMBLY
INOPERATIVE N THIS
ENGINE APPLICATION

ADAPTER COVER

Fig. 4 — Lubricating Qil Cooler Details

A. Description culates water through the housing, around the out-
side of the plates of the core, thereby controlling

The oil cooler, Jocated on the right front corner of - ' temperature. The oil enters the cooling core

the engine, consists of a multiple plate, corrosion at the bottom, flows through the inside passages,

resistant, m"’i’*‘% core ?Qﬁ{:ﬂm&? n 4 gfzs* fron and is discharged at the top info an oil gallery in
housing. The engine lubricating oil pump cfrcuicz?f;s the cylinder block.
oil through the cooler core and the water pump cir-
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B. Removal of Lubricating Off Cooler

1. Drain the engine cooling system {refer to
“FILLING AND DRAINING OF SYSTEM” in
Section 1V). Remove the right front fender
and the governor breathing pipe.

2. Loosen the hose clamp on the water pump-
to-oil cooler seal. Disconnect the oil cooler
water connection elbow from the bottom of
the oil cooler housing by removing two (2)
capscrews from the elbow attaching flange.

3. Remove the copscrews attaching the oil
cooler housing to the adapter. The housing,
cooler core, and the gaskets may now be
removed from the engine.

C. Cleaning of Qil Cocler

The oil cooler is lined with small fins which dissi-
pate heat from the oil to the cooling water. If
proper lubricating oil maintenance procedure is
followed, the cooler will function efficiently. How-
ever, if the oil in the engine is not changed ot the
recommended intervals, impurities will be depos-
ited in the cooler core; consequently causing re-
striction or clogging of the oil passages in the
cooler core. Clogging of the oil cooler core is
usually indicated by o drop in oil pressure. If this
accurs, the cors must be cleaned or a new one
installed.

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

If live steam is available, a jet of steam, mixed
with a scapy substance, is a very effective cleaner.
After cleaning, remaove all traces of water by heat-
ing the cooler core. If steam is not available, place
the cooler core in a vessel and fill with carbon
tetrachloride, or with any other suitable cleaner,
to o level of at least one inch above the openings
in the core. A force pump is suggested as a means
of forcing the cleaning solution back and forth
through the core. This operation should be con-
tinued until the core is clean. CAUTION: Cleaning
with carbon tetrachloride is o be done in the open,
or with adequafe ventilation, due to the foxic quali-
ties of the chemical,

a9

Other solvents which have been found effective
when used according to their manufacturer’s di-
rections are as follows:

Excello Floor Cleaning Compound
Turco Cleaning Compound

Mixture of 3 Parts Ockite No. 7 and 5 parts
fuel oil

Bendix Cleaning Compound

To use the last named solvent, merely submerge
the cooler core in the solution for a sufficient length
of time to allow the chemical actien of the solvent
to dissolve or loosen the sludge or other foreign
material from the core.

Flush the cooler core thoroughly with live steam
or spirits after cleaning, regardless of the type of
cleaner used.

D. Installation of Lubricazting Cil Cooler

1. Using gasket cement, cement a new core
gasket o the outer face of the adapter and
coat the other side of the gasket with gasket
cement. Cement a new housing gasket to
the outer face of the attaching flange of
the cooler core, then coat the other side of
the gasket with gasket cement. Place the
cooler core in the housing and atiach the
housing and core fo the adapter.

2. Connect the water pump to the top of the
oil cosler housing with the water pump-to-
oil cooler seal and tighten the hose clamp.

3. Use a new attaching gasket and install the
oil cooler water connection elbow on the ail
cooler housing and secure with two (2) cap-
screws and lockwashers,

4. Install the governor breathing pipe. Fill the
engine cooling system {refer to "FILLING
AND DRAINING OF SYSTEM" in Section 1V).
Start the engine and check for leaks at the
oil cooler,

5. Install the right front fender.



6. OIL COOLER BY-PASS VALVE

*

A. Description

The oil cooler by-pass valve is located in the oil
cooler adapter and consists of a hollow piston type
valve, spring, and plug. The by-pass valve is held
on its seai by the spring, which is compressed by
the plug screwed into the valve opening in the
adapter. When conditions are such that the oil
pressure at the valve becomes approximately 25
to 30 pounds per square inch greater than the pres-
sure at the oil cooler outlet, due to clogging or
restriction of the cocler core, the valve is forced
from its seat and oil from the engine oil gallery is
by-passed around the cooler core and info the
engine (refer to Fig. 1).

B. Service

Under normal conditions, this valve should require
very little attention. if the lubricating system has
been allowed to sludge the valve may not work
freely, sticking in the opened or closed positions.

Whenever the lubricating oil cooler is removed for
inspection, this valve assembly should be removed,
cleaned, and inspected.

NOTE: The valve assembly located in the bottom
of the oil cooler adapter need not be serviced as #
is inoperafive in this engine application.

€. Removal of Gil Coolor By-Pass Valve

1. Remove ihe right front fender.
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2. Remove the by-pass valve plug from the cil
cooler adapter, then withdraw the spring
and valve.

D. Inspection

The valve and the bore in the oil cooler adapter
should be thoroughly cleaned, dried with com-
pressed air, and inspected,

The valve must be smooth and free from scoring.
Lubricate the valve with engine oil, insert it into
place in the bore of the adapter, and make certain
the valve moves freely in ifs bore.

E. Instaliation of Oil Cooler
By-Pass Valve

When assembling, refer to Fig. 4 which shows the
relative location of all parts.

1. Lubricate the valve with engine oil and in-
sert it into position in the cooler adapter,
with the opened end of the valve toward the
rear of the engine.

2. Insert the valve spring. Install the gasket on
the plug, start the plug into the cooler adapt-
er, and tighten securely.

3. Install the right front fender.



7. LUBRICATING OIL FILTER

A, Descriplion

The lubricating oil filter, mounted on the left side
of the engine, is of the by-pass fype and contains
a replaceable type element, A drain plug in the
bottom of the filter shell permits draining of the
filter for replacement of the element. A new ele-
ment kit must be installed each time that the oil
in the engine crankcase is changed, or more often
if conditions warrant.

P

SRR

e Fig. S—i.abrfwﬁ;ig Oil Filter Location
B. To Change Filter Element

1. Thoroughly clean the filter caver and the
surrounding drea. Remaove the drain plug
from the battom of the filter shell and allow

the filter to drain.

Loosen the cover screw and remove the cover
screw, cover screw gasket, cover, cover
gasket, and spring as o unit. Remove the
cover gasket from the cover and discard the
gasket.

Remove and discord the element washer,
element gasket, and the filter element.

Reaching inside the filter shell, remove the
element gasket and element washer from the
shell center-tube and discard,

Tharaughly wash and dry the interior of the
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filter shell, Install and tighten the filter drain
plug.

Install a new element washer in position on
the shell center-fube, then install a new ele-
ment gasket and press the gasket down firm-
ly onto the element washer.

Install a new filter element in position in the
filter shell. Place a new element gasket and
element washer in position on the shell cen-
ter-tube and press the gasket down firmly
ento the top of the filter element.

Install o new caver gasket in position in the
cover. Install the cover in position on the fil-
ter shell and ftighten the cover screw se-
curely,

9. Start the engine and observe for oil leakage
at the filter cover.
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Fig. & - Lubricating Oil Filter Detoils



€. Heavy-Duty Lubricating Ofl Filter

On tractors equipped with o Heavy-Duty Lubricat-
ing Oil Filter, the filter element must be changed
at each engine oil change.

YENT PLUG

~Fig. 7 —Heavy-Duty Lubricating Ofl Filier
Lecation

D. To Change the Heavy-Duty
Lubricating Oil Filter Element

1. Thoroughly clean the filter cover and the
surrounding area. Remove the drain plug,
located in the bottom of the filter housing,
and allow the filter to drain. Remove the
cover capscrews and lift the cover from the
housing,

2. Unscrew the T-handle hold-down assembly
from the center-tube and remove the T-han-
dle hold-down ossembly and the element
centering plate. Remove the filter element
from the housing by lifting with the pull-out
buil. Discard the filter element and the cover
gasket.

3. Clean the interior of the filter housing thor-
roughly and install the drain plug.

4. To assure leak-proof sealing, exomine the
center-tube seal at each end of the new filter
element to see thot the secls are in good
condition and clean. Insert the new filter
element into position in the filter housing
and press the filter element down firmly.
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5. Place the element centering plate in position
on the top of the filter element. Make certain
that the hole in the orifice plug, located in
the T-handle hold-down assembly, is open.
Install the T-handle hold-down assembly and
tighten securely.

CAUTION: When servicing the Heavy-Duty
Filters, make certain that the T-handle hold-
down assemblies are reinstalled in their re-
spective filter as the T-handle hold-down
assembly for the engine fubricating oil filter
contains an orifice plug. The T-hundfe hold-
down assembly for the fuel filter does not
contain an orifice plug.

6. Install o new cover gasket in position in the
cover and place the cover in position on the
fitker housing. Install the cover capscrews
and tighten evenly and securely.

7. Fill the engine crankcase to the proper level
with the specified lubricating oil.

8. Remove the vent plug from the filter cover.



9.

10.

Start the engine and operate it at low idie
speed until oil emerges from the vent plug
opening in the filter cover, then stop the en-
gine. Install and tighten the vent plug.

Check the oil level of the engine crankcase
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and add oil as necessary fo raise the oil
level to the “FULL” mark on the cil level gage
rod.

CAUTIOM: Use only a “DIESELPAK” filter
element in the Heavy-Duty Filter.



SECTION Vi—ENGINE CONTROLE AND GOVERMOR

Topic Title

Topic No.

Throttle and Engine Shut-Off Controls 1

Governor

1. THROTTLE AND ENGINE SHUT-OFF CONTROLS

A. Description

The throttle operating lever is used to regulate the
speed of the engine. Throitle control rods and link-
age connect the throttle operating lever with the
variable speed control lever on the governor, The
engine runs at full governed speed when the throt-
tle operating lever is pulled all the way back and
runs at idling speed when the throttle operating
lever is pushed all the way forward.

The throttle operating lever is located on the shaft
of the throtile assembly, which is mounted on a
bracket welded to the cowl. The throttle assembly
is connected fo the governor variable speed con-
trol lever by twa (2) control rods having adjustable
yokes. The throtile assembly consists of o shaft and
drum, friction band assembly, housing, and covers.
The friction band, which is assembled around the
drum, octs as a brake and holds the throttle op-
erating lever in any desired position, therefore, an
infinite range of engine speed can be obtained be-
tween idle and wide open. The friction band as-
sembly is provided with an adjusting capscrew for
adjusting the tighiness of the band on the drum for
ease of throttle operation.

The engine shut-off rod opens oand closes an air
shut-off valve in the blower air inlet elbow and
also moves the governor fuel shut-off lever fo its
open and closed positions. When the engine shut-
off control knob is puthed in {forward) as far os
it will go (running position), the air shut-off valve
and the governer fuel shut-off lever are moved to
their full open position. When the engine shut-off
control knob is pulled out (back) as far as it will
go, the air shut-off valve and the governor fuel
shui-off lever are moved to their closed position.

B. Adjustment of Engine Shut-Of
Conirols

If the engine shui-off controls fail to operate prop-
erly, make certain the linkage and the levers are
properly lubricated and the condition is noi due

to binding in the linkage or to broken springs.

1. Push the engine shut-off control knob into
running position {all the way in) and check
the air shut-off valve swivel lever fo see if #
is moved back and contacts its stop {boss)
on the blower air inlet elbow. If not, check
and make cerfain the shut-off conirol knob

CONTROL KNOB

THROTTLE |

{4 FRICTION BAMND:
DJUSTMENT CAPSCREW

THROTTLE COMTROL RODE
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52" Fig. 1—Throttle Asse—&'k;}y and Engine Shut-Off %]
Control Knob location

is not striking the cowl. Iif the knob is strik-
ing, adjust the shut-off rear rod by furning
it out of the yoke as necessary. If the air
shut-off valve swivel lever still does not con-
tact its stop, shorten or lengihen the shut-
off front rod by turning it in or out of the
yoke as necessary. loosen the holt in the
stop clamp on the shui-off rear red and pull
the rod back as far as it will go. Push the
shuf-off rod forward 1/16”, move the stop
clamp back on the rear rod so that it con-
tacts the cowl, and fighten the stop clamp
bolt. With the stop clamp in this position, it
will prevent the air shut-off valve from bot-
foming in ihe blower air inlet elbow when
the shut-off control knob is pulled back to

_ stop the engine.
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Fig. 3 —Engine Co Run Position

2. To adjust the governor fuel shut-off contrel,
push the engine shut-off conirol knob for-
ward into the running position {all the way
in}) and remove the pin connecting the gov-
ernor fuel shut-off rod to the governor fuel

shut-off lever. Hold the governor fuel shut-
off lever all the way back (foward the cowl)
as far as ¥ will go and check to see if the
hole in the fuel shut-off rod lines up with
the hole in the governor fuel shut-off lever,
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If not, loosen the capscrew clamping the
governor fuel shut-off lever to the shaoft, and
move the position of the lever on the shaft
so that the holes line up when the lever is
held all the way back. Tighten the capscrew
used to clamp the fuel shut-off lever to the
shaft, then install the control rod pin and
cotter pin.

3. Loosen the bolt in the stop clamp on the
throttle control rear rod. Pull the throtile op-
erating lever all the way back (wide open)
and make certain the throttle linkage pulls
the governor variable speed control lever
back as far as it will go (high idle position);
shorten or lengthen the throttle control front
and rear rods by turning the control rod
yokes, if necessary. Push the throttle operat-

ing lever forward 1/16"”, move the stop
clamp back on the throttle control rear rod
so that it contacts the cowl, and tighten the
stop clamp bolt. With the stop clamp in this
position, the clamp will serve as a stop when
the throttle operating lever is pulled back
to the high speed position,

4. To adjust the throttle assembly for proper
operation, remove the cotter pin from the
friction band adjustment capscrew (refer to
Fig. 1). Turn the adjustment capscrew as nec-
essary (in to tighten or out to loosen) so that
the throttle operating lever will remain in
any desired position (from idle to wide open)
and for ease of lever operation. Install the
cotter pin to secure the adjustment capscrew,

2. GOVERNOR

A. Description

The governor, mounted to the front end of the
blower, consists of four (4) sub-assemblies. The sub-
assemblies are: The weight and carrier assembly,
control shaft housing assembly, the variable speed
spring housing assembly, and the cover assembly.

A pair of weights are carried on a horizontal shaft
inside the governor weight housing. The frent end
of the weight carrier shaft is mounted on a ball
bearing and the rear end of the shaft is supported
inside of, and driven by, the upper rotor shaft of
the blower.

The governor control mechanism transmits the
motion of the governor weights to the injector
racks, This control mechanism consists of a vertical
control shaft mounted inside a control shaft hous-
ing. The vertical control shaft is mounted in a ball
bearing at the upper end and in a needle bearing
at the lower end. The control shaft has a fork fixed
to the lower end and a control shaft lever and a
differential lever at the upper end.

The centrifugal action of the governor weights is
transmitted to the vertical control shaft through a
movable riser and thrust bearing, located on the
weight carrier shaft, and the fork located on the
lower end of the vertical conirol shaft. This motion
is, in turn, transmitted to the injector control fube
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by the control shaft and differential levers, located
on the upper end of the vertical control shaft.

The governor cover assembly serves as a carrier
for the governor fuel shut-off lever. It is a stamped
cover and the manual movement of the governor
fuel shut-off lever is limited by a slot machined in
the under side of the cover.

The spring plunger at one end of the variable
speed spring, located in the top of the governor
control shaft housing, bears against the control
shaft lever of the vertical control shaft. The oppo-
site end of the variable speed spring is retained
and guided inside a spring retainer, which in turn
bears against a variable speed spring lever. The
variable speed spring lever is controlled by the
variable speed control lever, which is connected by
linkage to the throttle operating lever. The gov-
ernor is designed to control the engine at any con-
stant speed (within the limits of the variable speed
spring) that the operator may desire.

When the engine shut-off control rod is moved to
the run position (pushed forward) for starting the
engine, this in turn moves the injector control racks
to the “FULL FUEL” position and also opens the air
shut-off valve in the blower air inlet elbow. As soon
as the engine starts, the governor moves the in-
jector racks “OUT” to the position required for
idling The engine can then be brought up to any



desired operating speed, within the limitations of
the variable speed spring, by moving the throtile
operating lever toward the rear, thus increasing
the tension on the variable speed spring. The con-
trol of the engine speed is entirely automatic from
this point on, depending upon the tension imposed
on the variable speed spring.

B. Governor Inspection and Service

The governor was adjusted at the factory to pro-
vide the full governed engine speed (under load)
of 1600 R.P.M. and an idling speed of 500 R.P.M.
The governor seldom fails to function properly. If
the engine speed is irregular, check for the follow-
ing before changing the governor setting:

1. Maoke certain that the speed changes are not
the result of load fluctuations.

2. Moake certain that all cylinders are firing
properly.

3. See that no bind exists in the governor mech-
anism or operating linkoge between the gov-
ernor and the engine; also, that the injector
control rack tube is not binding in its mount-
ing brackets. The injector control mechanism
must move freely throughout the entire trav-
el of the injector racks. Should binding exist
in the mechanism, it may be located and

eliminated as follows:

a. If the injector racks stick or move too
hard, inspect the racks for an accumula-
tion of gum or sludge. Sticking from this
cause can usually be corrected by wash-
ing the parts in clean solvent or fuel. If
an injector rack sticks as o result of o
“cocked” or “crumped” rack control
lever, loosen the adjusting screws in the
rack control lever and move the lever
endwise on the injector control tube until
the lever does not cramp ‘the injector
rack. After this trouble has been rem-
edied, adjust the lever to equalize the
offected injector with the others (refer
to “INJECTOR EQUALIZING,” Section

1.

b. Make certain the injector contrel tube
turns freely in its bearings. Binding, due
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to poor alignment of the injector control
tube bracket assemblies, can be correct-
ed by loosening the bracket capscrews
and aligning the brackets with the in-
jector control tube. The control tube
must turn freely to the “NO FUEL” posi-
tion by the action of the control tube
spring. CAUTION: Never sfrefch or tam-
per with the control tube spring to
change the tension; if the spring is not
standord, replace it with a new ona.

¢. Remove the bind from the control link,
connecting the governor differential
lever to the injector control lever, if bind
is evident.

If the engine does not reach its moximum rated
speed of 1725 RP.M. of high idle (with engine
clutch disengaged), inspect for the following:

a. Wear on the governor varicble speed
lever shaft, variable speed spring lever,
or o loose setscrew in the variable speed
spring lever will cause loss of engine
speed. Install new parts if wear is ex-
cessive.

b. Make certain the engine shut-off con-
frol rod moves the governor fuel shut-
off lever all the way buck (as far os the
lever will go) when the control rod knob
is moved fo the run paosition.

if the governor still fails to control the engine prop-
erly after all the above inspections have been
made, and all causes of failure other than the gov-
ernor have heen eliminated, the governor may be
worn or otherwise unfit for further use. The gov-
ernor must then be removed, disassembled, and
inspected.

€. Governor Removal
1. Remove the right frant fender.

2. Clean the outside of the rocker cover and
remove it from the engine cylinder head. Dis-
connect the governor to injector centrol
lever link from the injector control tube lever.
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Disconnect the engine control rods from the
governeor variable speed control lever and
the governor fuel shut-off lever,

Remove the control housing cover assembly
ond gasket from the governor control shaft
housing. Disconnect the governor to injector
control lever link from the governor differen-
tial lever and remove the link,

Remove the screws attaching the breathing
pipe to the governor control shaft housing
and the capscrew attaching the breathing
pipe clip to the engine oil cooler housing.

Remove the capscrews aftaching the gov-
ernor confrol shaft housing to the cylinder
head and to the governor weight housing.
Pull the top of the governor control shaft
housing away from the engine and push the
lower end of the housing toward the engine
to disengage the fork, then remove the
housing assembly.

Loosen the copscrew in the odjusting arm
of the fun belt tightening idler and loosen
the two (2] fan belt idler hinge bolts. Release
the tension of the fan belts and remove the
belts from the idler pulley. Remove the three
(3) cupscrews attaching the fan belt tighten-
ing idler mounting bracket to the engine
front cover and remove the idler assembly.

Remove the capscrews attaching the gov-
ernor weight housing to the blower, Remove
the weight housing by pulling the assembly
forward until the weight shaft s free from
the rotor shaft of the blower,

After removing the governor assembly, it
should be thoroughly washed in clean sol-
vent, dried with compressed air, and in-
spected for worn and dumaged parts, ond
for bind in any of the parts. The governor
should be disassembled only far enough to
correct the difficulties which interfere with
proper operation.

D, Disassembly of Variable Speed

1.

Spring MHousing

Remove the capscrews attaching the variable
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speed spring housing to the control shaft
housing.

Remove the varioble speed spring housing;
hold the spring in place in the spring re-
tainer so that the speed adjusting washers
in the spring refainer will not fall out when
removing. Do not lose the spring retainer
stop.

Remove the variable speed spring, stop,
speed adjusting washers, and spring retainer
from the housing. Do not lose the speed ad-
justing washers. Remove the idle adjusting
screw.

Remove the variable speed control lever and
its key from the variable speed lever shaft.
Remove the pipe plug from the top of the
variable speed spring housing. lnsert on
“ALLEN" setscrew wrench through the pipe
plug hole and remove the "ALLEN" setscrew
holding the variable speed spring lever in
place on the shaft. Remove the shaft, varia-
ble speed spring lever, washer, and packing.
NOTE: A “WOODRUFF” key is used in addi-
tion to the sefscrew to attach the varioble
speed spring lever jo the shoft. To remove
the shoft, drive the shaft out toward the ex-
pansion plug end of the housing.

Remove the varioble speed shaft needle
bearings from the housing. NOTE: The nee-
dle bearing which the shaft and “WOQD-
RUFF” key was driven through to remove the
shaft will be domaged by the key. Replace-
ment of the needle bearing will be necessary.

E. Removal and Disassembly of
Weight and Carrier Assembly

1.

Remove the cap and the cap gasket from
the end of the weight housing. Remove the
retaining screw and the lockwasher retain-
ing the shaft in the ball bearing.

Press or drive the weight shaft out of the
ball bearing, using care to prevent damage
to the threads in the weight shaft, then re-
move the weight shaft, riser, and riser thrust
bearing (three piece bearing) from the
weight housing.



3. Remove the riser thrust bearing and the
riser from the weight shaft.

4. Press or drive the ball bearing out of the
weight housing.

F. Removal and Disassembly of
Control Shaft

1. Remove the variable speed spring plunger
and plunger guide from the control shaft
housing.

2. Using an “ALLEN” sefscrew wrench, remove
the setscrew holding the control shaft fork
in place on the lower end of the conirol
shaft.

3. Loosen the jum nut and remove the buffer
spring adjusting screw assembly from the
control shaft housing.

4. Remove the machine screw, lockwasher, and
plain washer used to hold the centrol shaft
ball bearing in place in the control shaft
housing.

5. Remove the exponsion plug, located under
the lower end of the control shaft, from the
governor control shaft housing. Insert o
punch through the expansion plug hole and
drive the control shaft out of the control shaft
fork, then, remove the confrol shaft as-
sembly.

6. Remove the differential lever from the con-
trol shaft lever. Press the control shaft out
of the control shaft lever and the control
shaft ball bearing.

7. Remove the control shaft needle bearing
from the control shaft housing.

G. Disassembly of Governor Control
Housing Cover

1. Remove the fuel shut-off lever from the fuel
shut-off shaft, then remove the shaft retain-
ing ring and the shaft retainers from the
shaft.,

2. Remove the fuel shut-off shaft from the cover,

3. Remove the fuel shut-off shaft seal and re-
move the needle bearings from the cover.

H. Inspection of Governor Parts

Cleon all components thoroughly using clean fuel
or solvent, inspect the parts for wear, and replace
with new parts where needed. When bearings and
moving parts in the governor become worn, new
parts must be installed to assure proper function-
ing of the governor.

I. Assembly of Governor

To assemble the governor, reverse the disassembly
procedure. Refer to Fig. 5 showing the parts in their
relative position. When assembling the variable
speed spring, make certain to install the close coil
end of the spring in the spring retainer and the
same total thickness of speed adjusting washers
as were removed at the time of governor disas-
sembly; these washers are installed to obtain the
desired high idle speed. CAUTION: When assem-
bling, make certain the contral shaft fork ot the
lower end of the conirol shaft is installed in front
of all three pieces of the riser thrust bearing.

J. Instalistion of Governor
T. INSTALL GOVERMOR WEIGHT HOUSING.

Using gasket cement, cement the weight
housing-to-blower gasket in place on the
weight housing. Install the weight housing
assembly against the front end of the blower,
inserting end of weight carrier shaft into the
front end of the upper rotor shaft of the
blower. Install the ataching capscrews but
do not tighten at this time,

2, INSTALL GOVERNOR CONTROL SHAFT
HOUSING.

Coat a new gasket with gasket cement and
install i in position on the mounting surface
at the upper end of the control shaft hous-
ing. Install a new gasket on the dowels ot
the lower end of the control shaft housing.
Place the control shaft housing in posifion
against the weight housing, place the weight
housing cover and gasket in position, and
attach the two housings together with the
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four {4) capscrews. Do not tighten the cap-
screws at this time. IMPORTANT: Make cer-
tain the control shoft fork is properly inserted
so that the rounded machined face of the
fork bears against the outer race of the riser
thrust bearing, and nol beiween the oufer
race and the bearing balls. With gasket in
place, attach the upper end of the control
shaft housing to the cylinder head with the
attaching capscrews. Tighten all the ottach-
ing capscrews of the governar. Pour % pint
of SAE 10 engine oil into the top of the con-
trol shaft housing for initial lubrication of
the governor components.

CONNECT GOVERNOR CONTROL LINK.

Insert the affset end of the governor-to-in-
jector control lever link through the hale in
the cylinder head and into the governor con-
trol housing, then place the end of the link
on the pin of the differential lever. Secure
the link to the differential lever with o wash-
er and « retaining clip. Connect the other
end of the link to the injector control tube
lever with a pin and catfer pin. Coaf a new
breathing pipe gasket with gasket cement
and place it in position an the contrel hous-
ing. Place the breathing pipe in position on
the cantrol shaft hausing and secure with
the attaching screws. Install the capscrew at-
taching the breathing pipe clip to the oil
cooler.

INSTALL GOVERNOR CONTROL HOUSING
COVER ASSEMBLY.

NQTE: Before installing the conirol housing
cover and the engine rocker cover, check the
governor adjustment gs ouflined in "GOV-
ERMNOR  ADJUSTMENT” in this Section.
Equalize the injectors {refer to "INJECTOR
EQUALIZING,” Section I}, Place a new cover
gasket in position on the dowel pins in the
control shaft housing. [nstall the control
housing cover in position on the control shaft
housing and make certain the pin in the
lower end of the fuel shut-off shaft engages
the fork on the differential lever. Install the
cover attaching screws and fighten securely.
Cannect the fuel shut-off rod to the fuel shut-
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6.

off lever and check the trovel of the fuel shut-
off lever. Connect the throttle contral front
rod fo the variable speed control lever.

Instal] the fon belt fightening idler and adjust
the belts as outlined in Section V.

Install the right front fender.

K. Governor Adjustment

i the governor has been dismaniled for repairs,
or if o new governor has been installed, certain
adjustments should be checked and engine speed
adjustments made if necessary.

1.

CHECKING ENGIMNE SPEED.

Operate the engine until normal operating
temperature (160° to 185° F.) is indicated
on the engine temperature gage. Hold a
tachometer against the front end of the
crankshaft. With the throttle operating lever
all the way forword (idling position} and
with the engine cluich disengaged, the en-
gine speed should be 500 RP.M. With the
throttle operating lever all the way back
(wide open position) the engine speed should
b 1725 R.P.M.

NOTE: i equipment on the tractor prevents
the use of o tachometer of front end of
crankshaft, remove the capscrews attaching
the flywheel housing cover to the flywheel
housing (ot rear of the comshoft) and remove
the cover and gasket. The tachometer may
now be used on the camshaft to record the
R.P.M. of the engine; the camshaft runs the
same speed as the crankshaft,

GOVERNOR SPRING PLUNGER GAP
ADJUSTMENT.

A clearance of .006” must be mointained be-
tween the variable speed spring plunger and
the plunger guide. To adjust, stop the engine,
remave the governor control housing cover
and pull throttle lever half-way back. Loosen
the lock nut on the gup adjusting screw in
the control shaft lever and turn the screw
in or out until o .006” gap is obtained be-
tween the spring plunger and the plunger



guide. Use a .006" feeler gage to measure
this gap. Tighten the lock nut after proper
adjustment has been made and install the
control housing cover.

HIGH IDLE SPEED ADJUSTMENT.

In most cases, the cause for the engine not
reaching the proper high idle speed (1725
R.P.M.) will be found due to loose or incor-
rectly adjusted throttle linkage and not due
to the governor being out of adjustment.
For this reason, before changing the adjust-
ment of the governor, check the following:

a. Be sure the fuel shut-off lever on the
governor control housing moves to its
rear position (as far back as it will go)
when the engine shut-off control knob is
pushed to the running position.

b. If the injectors have been properly timed
and equalized and all adjustments and
inspections listed above have been
made, and the engine still fails to attain
its proper high idle speed of 1725 R.P.M.,
addition of speed adjusting washers be-
tween the variable speed spring and the
spring retainer will be required.

c. The speed adjusting washers are in-
stalled by removing the variable speed
spring housing from the control housing,
lifting the spring from the spring retain-
er, and inserting additional adjusting

washers in the spring retainer. Each ad-
justing washer of .010" thickness will
increase the high idle engine speed ap-
proximately 20 R.P.M. To decrease the
high idle speed, remove the necessary
amount of adjusting shims. NOTE: if the
proper high idle engine speed cannot be
obtained by the addition of adjusting
washers, this may be due fo the governor
spring retainer contacting the spring re-
tainer stop. If this condition is found, re-
move the spring retainer stop and all
speed adjusting washers. After the above
parts have been removed, reassemble
the governor, start the engine, and check
the high idle speed. Add speed adjust-
ing washers as necessary to obtain the
specified high idle speed.

4. LOW IDLE SPEED ADJUSTMENT.

After adjusting the governor for the correct
high idle engine speed, the low idle engine
speed should be checked and adjusted if
necessary to obtain a speed of 500 R.P.M.
Loosen the lock nut on the buffer spring ad-
justing screw and back the screw out (away
from the differential lever) so there is ap-
proximately " clearance between the
spring and the differential lever. With the
throttle operating lever in “LOW IDLE” po-
sition, loosen the lock nut on the idle adjust-
ing screw and turn the screw in as necessary
to raise the low idle speed or out as neces-
sary to lower the low idle speed. Tighten the
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lock nut when the correct low idle engine a very slight increase {not to exceed an in-

speed is obtained. crease of 20 R.P.M.) is noted in the low idle
speed, then tghten the adjusting screw
With the engine running at low idle speed, lock nut.

turn the buffer spring adjusting screw in until
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SECTION VH —ELECTRICAL SYSTEM

Topic Title
Description of System

...........

...........

...........

Topic No.

........... 1
Warranty and Adjustment Policy . ..
Wiring System ... .....
Batteries ............
Generator and Generator Regulator . .
Starter . .............

L% LW, QN S i

1. DESCRIPTION OF SYSTEM

The electrical system, which includes the starter,
generator, generator regulator, batteries, head-
lights, and wiring is a 12-volt system throughout.
Current is supplied by two 6-volt, wet cell, storage
batteries carried in compartments ot the ends of
the seat.

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,
located on the side of the generator, to prevent
overcharging of the batteries.

2. WARRANTY AND ADJUSTMENT POLICY

Manufacturers of the batteries, starter, generator,
ond generator regulator used on the tractor are
responsible for this equipment during the warranty
period. Any claim for replacement or repdir of
any of these units must be presented fo the manu-
facturer, not to the Allis-Chalmers Monufacturing
Company. Suppliers of such equipment are repre-

sented by distributors or dealers in nearly all civies;
they are cuthorized to make reasonable adjust-
ments or replacements for their respective com-
panies, Always give the serial number of the trac-
tor and the date the machine was delivered when
presenting a claim of this nature.
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3. WIRING SYSTEM

e STANDARD  EQUIPMENT
——— SPECIAL EQUAPMENT

Heavy cables connect the batteries and the starter,
10 gage cables connect the ammeter and gener-
ator, and 14 gage cables connect the remaining
units. A 20-ampere fuse, connected into the cable
extending from the ammeter to the light swiich,
prevents burning out of the lights in the event of a
short-circuit, An additional fuse is provided in the
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Fig. 1 - Wiring Diogram
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electrical cable, near the rear of the tractor, for
protection of special lighting equipment.

Inspect the wiring frequently to detect any loose
connections or frayed insulation. Tighten the con-
nections and wrap any frayed spots on the wires
with friction tape to prevent short circuits.




4, BATTVERIES

A. Description

The batteries are &-volt, wet cell type, located in
compartments ot the ends of the seat {under the
arm rests), and are held in position by special hold-
down assemblies. The batteries are connected in
series fo provide 12-volt current.

B. Service

Check the level of the electrolyte in the batteries
every 75 hours of operation, or as often as operat-
ing conditions prove it necessary. Maintain the level
of the solution 33" above the battery plates by the
addition of clean distilled water. NOTE: DO NOT
OVERFilL, Keep the battery and cable terminals
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tight and clean. If corrosion occurs, clean the bat-
tery posts and terminals with o strong soda solu-
tion and coat the terminals lightly with vaseline be-
fore connecting them again. The vaseline will pre-
vent further corrosion,

When air temperature is below the freezing point,
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special attention should be given to hydrometer
readings of the botteries. The electrolyte in fully
charged batteries will have a hydrometer reading
of 1.280 to 1.300 specific gravity when corrected
to 77° F. Specific gravity readings without cor-
rection for temperature are practically meaning-
less. For each 30 degrees that the temperature of



the electrolyte is above 77° F., add 10 points to the
hydrometer reading and for each 30 degrees be-
low 77° F.. subtract 10 points to obtain the true
specific gravity. For example, if the hydrometer
reading is 1.250 and the electrolyte temperature is
177 F. {60 degrees below 77° F.) 1.250 minus 20
points equals 1.230 — the frue specific gravity.

If the corrected readings are below 1.240, the bat-
teries are not receiving sufficient charge. This might
indicate that the generator or generator regulator
requires attention. If these units prove satisfactory,
inspect the system for short circuits and for loose

or corroded connections. In zero weather there is
danger of the botteries freezing if the specific
gravity is below 1.175. Botteries with o specific
gravity of 1.225 will freeze at 35° below zero F.
During freezing weather, any addition of water
to the battery cells should be made after the en-
gine is starfed at the beginning of an operating
period to make certain the water and electrolyte
solution will be thorouglily mixed; otherwise, i
may freeze. The bafery filler cops must be kept
tight at all times and the tops of the batteries kept
clean and dry.

5. GENERATOR AND GENERATOR REGULATOR

A. Description

The generator is a bi-polar unit, controlied in-
ternally by an adjustable third brush and external-
ly by the generator regulator. The armature shaft
is supported at both ends by ball beorings. The
brushes are held in reaction type holders and bear
on the commutator with o pressure of 25 ounces;
the third brush bears on the commutator with a
pressure of 17 ounces.

The generator is hinged by o mounting bracket
attached to the left side of the cylinder black, and
is driven by o V-belt from the crankshaft pulley.
The generator armature is driven at appraximately
1.7 times engine crankshaft speed.

The oufput of the generator is approximately 18
amperes when cold and 12-13 amperes when hot
ot 2400 armature R.P.M. (approximately 1425 en-
gine RP.M.). As a steady charging rate of 12-13
amperes would soon destroy the batteries, an out:
put controlling device is necessary. Te accomplish
this, a generator regulator with a cut out relay is
wired fo the generator cireuit,

1. Generaior Regulator
The generator regulator is mounted on the

generatar field frame as shown in Fig. 4, and
is connected inta the generator circuit. The

purpase of the generator regulator is to in- |

crease or decrease the generatar output in
accordance with the requirements of the bot-
teries and the connected electrical load.
When the baotteries become properly
charged, o set of contfact points in the gen-
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erator regulator open and shunt the gen-
erator field circuit through a resistance unit
to the ground. With the resistance unit in the
field circuit, the generator maximum output
is reduced approximately 5 to 7 amperes.
If the batteries should become partially dis-
charged, the contact points in the generator
regulator close, removing the resistance
from the field circuit, and the generator out-
put increases to its moximum.

The generator regulator does not increase
the maximum output of the generator, as this
is dependent entirely upon the design of the
generator and the position of the third brush,
Should the generator output be too high, the
output may he reduced by adjusting the
third brush to meet the desired autput re-
quirements. The generator regulator will
then reduce the output when the batteries
became fully charged and prevent high volt-
ages within the electrical system.

Cut-Out Relay

The cut-out relay, o component part of the
generatar regulator unit, closes the circuit
between the generator and the batteries
only when the generatar voltage has built
up sufficiently to charge the batteries. The
cut-out relay opens the circuit when the gen-
erator slows or stops and the current begins
to flow back from the batteries into the gen-
erafor. Thus, u cut-out relay may be thought
of as an electrical check valve which permits
current to flow in only one direction — from



the generator fo the balteries.
B. General Maintenance and inspection

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

1. Brushes

The original length of the main brushes is
13/18"; the third brush 23/32". Replace
the brushes if they are worn down to a
length of 7/14”. The brush spring tension
must be sufficient to give good clean contact
of the brushes on the commutuator and the
brushes must be free fo slide in their brush
halders. The pig tail leads in the brushes must
be tight and the lead clips fastened securely
to the brush holders.

LCommuiaior

The commutator must be smooth and round,
without excessive roughness, dirt, gum, or
burned areas. The slots between the seg-
ments must be open and not filed with car-
bon or copper dust. The armature leads must
be properly soldered to the commutator seg-
menis. If the condition of the commutator
does not meet with the above requirements,
the generafor must be removed for repair.

Generator Drive Belt Adjustment

Keep the generator drive belt properly ad-
justed. The belt is correctly adjusted when
one side of the belt caun be pressed inward
approximately 1% at o point half-way be-
tween the crankshaft and the generator driv-
ing pulleys.

To adjust the belt, loosen the adjusting arm
copscrew at the front end of the generator
and loosen the generafor hinge bolts, then
move the generator in or out unfil the cor-
rect tension of the belt is obtained. Tighten
the adjusting arm copscrew and the gener-
ator hinge bolts.

Lonnections

The connections ot the terminals should be
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checked to be certain they are tight and in
good condition. if abnormal operation of the
charging system is nofed, it is necessary to
determine whether it is the generator, gen-
erator regulator, or some other part of the
electrical system which is at fault,

HINGE BCATS

GEMERATOR
REGURATCR

GEMERATOR
DRIVE BELY

Forsal

ot :

Fig. “§—Generator Drive Belt Adjusime

€. Testing and Adjusting of Generator
and Regulator

Testing ond adjustment of the generator and the
generator regulator should not be attempted with-
out dependable testing equipmeni; therefore, it is
recommended that these units be token fo o de-
pendable electrical repair shop, NOTE: DO NOT
RUN OR TEST THE GENERATOR ON AN OPEN
CIRCUIT.

D. Removal and Installation of
Generalor

1. Removal

Disconnect and tape the lead from the “BAT.-
TERY” terminal of the generator regulator,
Remove the adjusting arm capscrew, the two
generator hinge bolts, and remove the gen-
erator from the engine.

installation

Install the generator an the mounting brack-
et with the two hinge bolts but do not tighten
the bolts ot this time, Attach the belt adjust-



ing arm to the generator and adjust the drive
belt tension for approximately 1%4" deflec-
tion of the belt at o point half-way between
the crankshaft and the generator driving
pulleys. Tighten the adjusting arm capscrew
and the generator hinge bolts. Attach the
battery wire to the “BATTERY" terminal of
the generator regulator.

INSTALLATION CAUTION: Afier the gen-

erator has been installed, or af any time

after the leads hove been disconnected and
then reconnected fo the generator, a jumper
lead should be connecied momentarily be-
fween the “BATTERY” and armature “GEN-
ERATORY terminals of the generator regu-
fator before siarfing the engine. This allows
a momentary surge of current from the bai-
teries to the generator which correctly
polarizes the generator with respect to the
batteries.

6. STARTER

A. Description

The starter is an 8-brush, 4-pole, heavy-duty unit,
with the armature supported by bushings at the
drive end, center, and commutator end, The unit
Is equipped with a heavy duty starting motor
switch. A “Dyer” drive is used at the rear end of
the starter and provides positive engagement of
the starter pinion with the engine fiywhesl ring
gear before the starter switch contacts are closed
or the armature is rotated. The pinion is thrown
out of mesh with the flywheel ring geor by the re-
versal of the torque when the engine starts. A
shift lever in the starter drive housing is connected
to the starter pedal rod. OUperation of the shift
lever first moves the starter drive pinion into mesh
with the flywheel ring gear; completion of the shift
lever movement closes the starter switch, so that
current can flow from the batteries to the starter.

TARTER ATTACHING CAPSCREW

FLYWHEEL HOUSING

Fig. 5 Starfer Location
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B. Starier Service

Field service on the storter 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 start-
er switch. All other adjusiments or repairs require
the use of special eguipment. For this reason, it
will be necessary to remove the starter and take it
to o dependable electrical repair shop, if repair
or adiusiment is necessary. With fully charged bat-
teries and an ambient temperature of 70° F,, the
starter will engage promptly and crank the engine
ot an adeguate cranking speed. However, in cold
weather the “drag” caused by cold oil between the
pistons and cylinder walls and in the bearings,
causes the engine to crank harder and the crank-
ing speed will naturally be decreased. IMPOR-
TANT; The starter must never be used for more
than 30 seconds af any one time without o pause
to allow it fo cool. The starter must NEVER be used
to move the vehidle. Failure to observe these rules
may result in failure of the starfer.

1. f the starter fails to operate properly, re-
move the cover band from the starter and
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 hars. A glazed or
blued commutator does not indicate o con-
dition requiring service, us 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 34 to 40 ounces, and the
brushes must not be worn shorter than half
their original length of ¥2”. The brush spring



tension can be tested by attaching a small
spring scale to sach brush, directly under
the head of the screw that holds the brush
to the arm,

. A dirty commutator should be cleaned with

No. 00 sandpaper. IMPORTANT: NEVER
USE EMERY PAPER. i dust and dirt have ac-
cumulated in the starter, it should be blown
out with compressed air as such accumula-
tions are likely to interfere with the op-
eration of both the motor and the drive
assembly.

After extended use, the contact surfaces of
the starting motor switch may become burn-
ed or corroded so that either no current ot
all, or insufficient current for starting is trans-
mitted to the motor, A slow cranking speed
or difficulty in keeping the batteries charged
may indicate a faulty starting motor switch,
The switch is easily disassembled for recon-
ditioning of burned or correded surfaces.

To recondition the starting motor switch:

a. Disconnect the battery ground cable,
then disconnect the battery-to-starter
cable from the switch,

b. Remove the switch from the starter and
remove the bottom plate from the switch.

c. Remove the contact disc from the plunger
by removing the castellated nut.

d. Clean and smooth the contacting sur-
foces with a file or sandpaper; be sure
that the surfaces contact over the entire
area when reassembled.

C. Starter Drive Assembiy

1.

Disassembly, Cleaning, and
Reassembiy

i hard dirt or grease accumulates on the
splined part of the armature shaft or in the
starter drive mechanism, the drive may
“seize” to the shaft, lock, or the starter
pinion may fail to mesh properly with the
flywheel ring gear. If the pinion “seizes”
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while it is in mesh with the flywheel ring
geor, damage to the starter may result. The
drive assembly must be disassembled for
cleaning or adjustment.

a. Remove ihe starter. Refer to “REMOVAL
AND INSTALLATION OF STARTER” in
this Section.

b. Separate the drive housing from the
starter field frame by removing the at-
taching capscrews; mark both housings
before they are separated to establish
relationship of one with the other.

c. Remove the cofter pin from the pinion
stop and remove the pinion stop, pinion,
spring, pinion guide, shift sleeve, and
the spacer washers from the armature
shaft.

d. Clean all the parts thoroughly and in-
spect.

e. Reassemble as follows: Place the parts,
in the following sequence, on the drive
end of the armature shaft — plain spacer
washer, cupped 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 diam-
eter of guide facing the pinion. Start the
ears info the slots in the pinion and hold
the guide approximately half the dis-
tance down the slots, then start the pinion
guide and the spring assembly on the
splines of the armature shaft. The pinion
and guide assembly cannot be started
on the shaft unless the eors on the guide
are held in the slots in the pinion. In-
stall the pinion stop, with the cofter 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
pin holes align and install the cotter pin.

f. Place the drive end housing assembly
over the end of the armature shaft and
against the center bearing plate, guiding
the finger of the shift lever into the slot



of the shift sleeve.

2. Starter Drive Adjustments

The starter drive was properly adjusted at
the factory and seldom requires readjust-
ment, Failure of the drive to aperate proper-
Iy will usually be caused by dirt or damaged
parts. When the starter shift lever is moved
to where the starting motor switch confacts
are closed, there should be %" fo 3/18"
travel of the pinion against the spring pres-
sure. The pinion travel can be checked by
pushing the pinion buck against the spring
pressure.

A test can be made 1o determine if the en-
gagement action is being completed befare
the switch contacts are closed. This can be
done by placing o 3%“ spacer between the
pinion and the pinion stop. The shift lever
can then be moved forward, forcing the
pinion against the spacer. It should not be
possible to close the swilch contacts with
the spacer inserted. When the pinion is in
the driving position, there should be clear-
ance between the pinion guide and the bot-
tom of the slot, as indicated. If there is ne
clearance at this point, the drive will be
taken directly from the lugs on the pinion
guide, rather than from the hecvy spline in
the pinion itself. Therefore, the pinion and
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the pinion guide should be replaced. The
pinion, with its lock and lock spring, is re-
leased by moving the pinion shift sleeve for-
ward and dalong the splines of the shaft. In
reassembling the parfs, the pinion lock lugs
shauld be in the slofs in the pinion hub (with
the lugs toward the pinion} or the pinion
will nat be in the proper position to lock on
the shaft. Lubricate the three starter bush-
ings with light oil.

B, Removal and Installation of Starter

1.

Disconnect the starter pedal rod from the
starter shift lever.

Remove the seat cushion. Disconnect the
battery ground cable and tape the discon-
nected end of the cable to prevent o short
circuit in the electrical system when remov-
ing the baftery-to-starter cable from the
sturting motor switch,

Disconnect the bottery-to-starter cable and
the wire leading fo the wiring harness from
the starting motor switch,

Remove the three (3) capscrews ataching the
starter to the flywheel housing and remove
the starter.

Install the starter by direct reversal of the
removal procedure.



SECTION VI INSTRUMENTS

Topic Title Topic No.
Description .................. R 1
Engine Oil Pressure Gage...... e
Engine Temperature Gage. .. .. e
Ammeter ... ... il
Fuel Pressure Gage . ..............
Engine Hour Meter (Special Equzpmen{)
Instrument Service . ... ...... .. cee

O B WK

§. DESCRIPTION

The instruments, which are standard equipment on The engine hour meter, which may be obtained as
the tractor, consist of the engine oil pressure gage, special equipment, is mounted in the instrument
engine temperature gage, fuel pressure gage, and panel as shown in Fig. 1.

the ammeter and are mounted on the instrument
panel of the cowl.

ENGINE TEM?%RA?URE {%Aﬁi

i ’ R
. Fig. 1 —Ingirument Ponel

112



ENGINE TEMPERATURE €

ENGINE TEMPERATUR

PRESSURE SWITCH
{FOR HOUR METER

LIGHT SWITCH
ASSEMBLY

EMGINE OIL
PRESSURE GAGE

Fig. 2 — Rear of Instrument Pon

2. ENGINE OIL PRESSURE GAGE

This gage indicates the pressure at which the oil
is circulated through the engine. At full throttle,
the engine oil pressure should be between 25 and
45 pounds at normal engine operating tempera-
ture (160°-185° F.) CAUTION: f no pressure is

indicated by the gage, or if the pressure is exces-
sive {with the engine al normal operating tempera-
ture), the engine musf be stopped immediately and
the cause determined.

3. ENGINE TEMPERATURE GAGE

The end of the engine femperature gage tube is
inserted in and connected to the rear of the water
outlet manifold of the engine. This gage indicates
the engine coolant operating temperature, which
should be maintained between 160° and 185° F.

at all times. The coolant temperature is controlled
by a thermostat, located in o thermostat housing
mounted on the front of the water outlet manifold
of the engine.

4. AMMETER

The ammeter indicates the charging rate of the
generator. When the batteries are in a discharged
condition, the ammeter should indicate from 4 to
8 amperes until the batteries approach o fully
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charged condition. When the batteries are fully
charged, the ammeter will indicate nearly zero,
through the action of the generator regulator, ex-
cept for a short time after the starter has been used.



5. FUEL PRESSURE GAGE

The fuel pressure gage is mounted in the instru-
ment panel. The fuel pressure gage tube is con-
nected to an elbow located in the front of the sec-
ond stage fuel filter head.

The fuel pressure gage indicates the pressure at
which the fuel is circulated through the fuel sys-
tem. Under normal conditions, with the enging

operating at full governed speed, the fuel pressure
should be from 25 to 55 pounds. IMPORTANT: Do
nof operafe the engine when the fuel pressure is
above or helow this range. Investigate for clogged
fuel filters, clogged or leaking fuel lines or connec-
tions, or improper fuel pump ond pump pressure
relief valve operation (refer to “FUEL SYSTEM,”
Section 2).

6. ENGINE HOUR METER (SPECIAL EGQUIPMENT)

The engine hour meter registers the number of
hours the engine has operated. For instructions on

how to read the hour meter refer to "ENGINE
HOUR METERY in Section XX.

7. INSTRUMENT SERVICE

Any one of the various instruments can be removed
from the instrument panel for replocement by re-
moving the attaching screws and disconnecting
the instruments from the wiring, tubes, efc., to
which they are connected.

Do not attempt fo repair an engine hour meter,

Return it to your nearest “Allis-Chalmers” Dealer
for o trade-in allowance on o new meter.

114

I

o



SECTION IX —ENGINE

Tapic Title Topic No.
Description . ........ ...t 1
Cylinder Head ...... ... ... ... ... 2
Exhaust Valves and Operating

Mechonism .. ........... P 3
Cylinder Block and Liners ........... 4
Crankshoft, Crankshaft Pulley, FEywheeE

and Main Bearings .............. 5
Pistons and Connecting Rods . .. ... ... 6
Camshaft and Balance Shaft .. .. ... . 7
GearTrain ... oot 8
Repair of Engine While Installed ... ... @
Engine Removal and Installation .. ... 10
Disassembly of Engine ............. 1
Assembly of Engine ... ... . ...... 12

1. DESCRIPTION

A. The “DIESEL"” Principle

The “DIESEL” engine is an internal combustion
power unit. Fuel is atomized os it is injected into
the cylinders and is ignited by the heat generated
by the compression of the oir within the cylinders.
The expanding guses generated by the burning
fuel are converted into mechanical energy in the
cylinders of the engine.

The engine in the Model HD?B Tractor is a water-
cooled, 4-cylinder, 2-cycle, “DIESEL” engine. In
this “DIESEL” engine, air is supplied to the cylinders
by the engine blower and is compressed within
the cylinders by the pistons, While the air is com-
pressed within the cylinders, fuel is injected into
the cylinders by unit fuel injectors and is ignited
by the heat of the compressed air.

B. The Two-Cycle "DIESEL'’ Engine

In the 2-eycle “DIESEL” engine, intuke and exhaust
take place during part of the compression and
power strokes; an external means of supplying the
air is provided. A specially designed blower,
bolted to the right side of the engine, forces air
into the cylinders to expel the exhaust gases and
fill the cylinders with fresh air for combustion as
shown in Fig. 1.

A series of air inlet ports cut into the circumference
of each cylinder liner wall, above the piston (in its
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Fig. 1~ Air Flow Through Engine

lowest position), admits oir from the blower into
the cylinder as soon as the top fuce of the piston
uncovers the ports as shown in Fig. 2. The flow
of air towards the exhaust valves produces a
scavenging effect, leaving the cylinders full of clean
fresh air when the piston again covers the oir inlet
ports on its compression stroke.

As the piston continues on the upward stroke, the
exhaust valves close and the charge of fresh air
is subjected to the final compression, as shown in
Fig. 3. This engine is designed for a highly efficient
16 te 1 compression rafia.
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Fig. 2~ Air Entering Through Ports fo

Fig. 4 -- Charge of Fuel Being Injected Into

Combustion Chamber

Combustion Chamber

. Fig. 3 — Ajr Being Compressed with Exhaust ...
Valves Closed

Shortly before the piston reaches its highest posi-
tian, the required amount of fuel is sprayed into
the combustion chamber by the unit fuel injector
as shown in Fig. 4. The intense heat generated
during the high compression of the air ignites the
fine fuel spray immediately, and combustion con-
tinves as long as the fuel spray lasts. The resulting
pressure forces the piston downward until the
exhaust valves are agoain opened. As shown in
Fig. 5, the burned goses escape into the exhaust
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.. Fig. 5 - Exhuaust Taking Pluce and Cylinders About |
to Be Swept with Clean Scavenging Air

manifold as the downward moving piston uncovers
the air inlet ports.

When these ports are uncovered, the entire cylinder
is again swept with cleen scavenging air as shown
in Fig. 2, This enfire combustion cycle is com-
pleted in ecch cylinder during each revolution of
the crankshoft, or in other words, two-strokes;
hence, the "2-stroke cycle.”



2, CYLINDER HEAD

A. Description

The cylinder head s o one-piece alloy iron casting
which can be removed from the engine as an
assembly containing the injectors, fuel manifolds,
cam followers, guides, rocker arms, and valves.
The cylinder head is held securely to the upper
part of the cylinder block by heat-treated alloy
steel studs.

Provided in the cylinder head are two exhaust
valves, two valve seat inserts, two valve guides,
o fuel injector, and three rocker arms, for each
cylinder. The center rocker arm operotes the in-
jector plunger; the other two rocker arms operate
the exhaust valves. The exhaust valve guides are
pressed into the cylinder head and hold the valve
heads in accurate alignment “with the vaolve seat
inserts which are olso pressed into the head.

To provide efficient cooling, each fuel injector is
inserted info a thin wall copper tube passing
through the wafer space in the cylinder head. To
prevent water leaks around the copper tube, the
tube is pressed into the cylinder head and the
lower end is spun over; the upper end is flanged
and sealed with o “NEOPRENE" seal.

Two exhaust passages from each cylinder lead
through o single port of the exhaust muffler. The
exhaust passages, exhoust valve seat inserts, and
injector copper fubes are completely surrounded
by the engine coolant.

Engines prior to Serial No. 4A-19529 contain a
flat laminated gasket instolled between the cyl-
inder head and the cylinder block to seal the
compression within the cylinders. A flat gasket {4
piece cork type) is used between the cylinder head
and the cylinder block ot the outer rim to provide
an oil seal.

On engines Serial No. 4A-19529 and above, the
cylinder block and cylinder head were modified
to provide a mefal to metal contact between the
cylinder block and the cylinder head. The top of
the cylinder block is recessed to retain individual
compression gaskets for each cylinder and rubber
seal rings for secling the oil and the water
passages.

The top of the cylinder head, containing the fuel
injectors and the exhaust valve assemblies, is com-
pletely enclosed by o pressed steel valve rocker
cover, which is held in place by rocker cover re-
taining bolts fited with hand knobs. The cover is
sealed ot the boftom, cgainst the top of the
cylinder head, by a gasket held in place by the
flanged edge of the cover.

B. Service of Parts Contained in Cylinder
Heaqd

Service on some of the parts contained in the
cylinder head can be accomplished with the cyl-
inder head installed; on others, the cylinder head
must first be removed from the engine.

1. Operations nof requiring the removal
of the cylinder head

a. Timing, equalizing, or replacement of
injectors.

b. Adjustment of valve lash.

c. Replucement of valve springs, rocker
arms, or rocker orm shafis,

d. Replocement of push rods or com fol-
lower assemblies.

e. Replacement of fuel manifolds or fuel
connectors.

2. Operations requiring the removal of
the cylinder head

a. Grinding, reseating, or replacement of
the valves and valve seat inserts.

b. Replacement of the valve guides.

c. Replacement of the injector copper
tubes.

€. Cylinder Heud Removal

1. Remove the engine air pre-cleaner from the
gir clesner and remove the engine hood.

2. Drain the engine cooling system (refer fo



10.

11.

12,

13.

“FILLING AND DRAINING OF SYSTEM” in
Section IV). Wash all dirt from the upper
part of the engine.

Remove the exhaust muffler.

Disconnect the engine temperature gage
from the rear of the water outlet manifold.

Remove the pins connecting the engine shut-
off front and rear rods to the engine shut-off
rod lever, located at the rear of the engine.

Remove the pins connecting the throttle con-
trol front and rear rods to the throttle control
lever, located at the rear of the engine.

Unhook the throttle control retracting spring
from the throttle control front rod. Remove
the pin connecting the throttle control front
rod to the governor variable speed control
lever and remove the throttle control front

rod,

Unhook the upper end of the air shut-off
lever spring from the engine shut-off swivel
lever and remove the spring and spring

hook.

Remove the pin connecting the fuel shut-off
rod to the governor fuel shut-off lever.

Remove the cotter pin securing the engine
shut-off swivel lever to the air shut-off valve
shaft lever and remove the swivel lever, fuel
shut-aff rod, and the engine shut-off front
rod as an assembly,

Loosen the hose clamp attaching the air
cleaner hose to the air inlet elbow. Remove
the capscrews attaching the air inlet elbow
assembly to the air intake housing and
remove the elbow assembly.

Disconnect the fuel lines from the rear of
the fuel manifolds, located on the right side
of the cylinder head. Remove the capscrews
attaching the second stage fuel filter to the
cylinder head.

Remove the capscrews attaching the water
ouilet elbow and the water by-pass tube
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14.

15.

16.

17.

18.

19.

20.

assembly to the front of the water outlet
manifold and remove the thermostat from
the manifold.

Remove the rocker cover and the governor
control housing cover. Disconnect the gov-
ernor to injector contral lever link from the
governor and the injector control tube lever,
and remove the link.

Remove the two (2) capscrews af.taching the
governor control shaft housing to the cyl-
inder head. Loosen but do not remove the
four (4) capscrews attaching the lower end
of the governor control shaft housing to the
governor weight housing.

Remove the two (2) capscrews attaching the
throttle shaft and the engine lifting bracket
to the flywheel housing. Remove the two (2)
capscrews attaching the engine front lifting
bracket to the balance weight cover.

Remove the capscrews attaching the injector
control tube brackets to the cylinder head
and remove the control tube assembly.

Remove the injector fuel pipe assemblies and
cover the fuel openings with shipping caps.
Remove the injectors from the cylinder head
using an injector removing tool. NOTE: The
cylinder head may be removed with the
injectors instafled in the head, however, care
must be used to avoid striking the injector
tips when removing.

Remove all the cylinder head stud nuts and
by means of the engine front and rear lifting
brackets, lift and remove the cylinder head
from the engine.

If the cylinder head is to be completely
stripped as for head replacement, proceed
as follows: Remove the fuel manifold con-
nector assemblies, fuel manifolds, engine
front and rear lifting brackets, water outlet
manifold, exhaust muffler studs, injector
clamp studs, and the exhaust valve mecha-
nism and exhaust valves.



[Fig. 6 — Cylinder Heud |

D. Inspection

if the cylinder head is to be replaced, the working
parts removed from the old head must be thor-
oughly inspected before installing them in o new
head. The proper procedure to be followed in
making the inspection and installation of the
various ports will be found under “EXHAUST
VALVES AND OPERATING MECHANISM” in this
Section and in “ENGINE FUEL S3YSTEM,” In Sec-
tion 1.

E. Cylinder Head Instollation

Engines prior to Serial No. 4A-19529 have « flut
laminated gasket installed befween the cylinder
head and the cylinder block to seal compression
within the cylinders. A flat gasket (4 piece type)
is used between the cylinder head and the cylinder
block at the outer rim ta provide an oil seal.

On engines Serial No. 4A-19529 and above, the
cylinder block and cylinder head were modified to
provide metal fo metal contact befween the cyl-
inder block and the cylinder head. The top of the
cylinder block is recessed to retain individual com-
pression gaskets for each cylinder and rubber seal
rings for sealing the oil aond water passages.

The cylinder heoads used on engines Serial No.
4AA-19529 and obove are upproximately 7/32
wider than those used on engines prior to this serial
number, The cylinder blocks used on engines Serial
No. 4A-19529 and cbove are approximately
1/16" higher than these used en engines prior fo
this sericl number. The added 1/16” in the height
to the top of the new type cylinder biock is to
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compensate for the thickness of the gasket used
with the old type cylinder blocks. Blowers and
exhaust mufflers are interchangeable between the

“old and the new types.

The cylinder head stud holes in the new type cyl-
inder blocks are %" deeper than the stud holes in
the old style blocks and are counterbored 12"
instead of being counfersunk. The studs used in
the new type block are 6% in length ond those
used in the old type block are 5% in length.

Summary

1. The type of cylinder head gasket sef to be
instailed depends on which type cylinder
block is being used. If the Engine Serial No.
is 4A-19529 or above (having new type
block} the new type gasket set must be used.
H the Engine Serial No. is below 4A-19529
{(having old type block) the old type gasket

set must be used.

2. The new type cylinder heads may be used
on old fype blocks provided the old type
gasket set is used.

3. The old type cylinder heads may be used

on the new type blocks provided the new
type gasket set is used.

Proceed as follows for installotion:

1. On engines prior fo Serial Mo, 4A-19529,
remove all fraces of the old oil gasket from
the top of the cylinder block and from the
bottom of the cylinder head. With both sur-
faces clean, install o new cylinder head
compression gasket on the top of the block,
with the side of the gasket marked "TOP”
upward. Place the cylinder heod oil gasket
(4 piece) in position on the top of the cyl-
inder block.

On engines Serial No, 4A-19529 and chove,
remove the four (4} old compression guskets,
all the oil hole and water hole seal rings,
and the cylinder head oil seal ring {rubber)
from the recess in the cylinder block, Thor-
oughly clean the recesses for the seal rings
and the oil seal, and also the surface for
the compression gaskets. Clean the top sur-



face of the cylinder block and the bottom
surface of the cylinder head. Install o new
gasket set as the old gasket set should not
be reused. Install four (4) compression gas-
kets in place on top of the cylinder liners.
install the oil hole and water hole seal rings,
and the cylinder head oil gasket in position
in their recesses in the top of the cylinder
block.

Attach the engine lifting brackets, without
their gaskets, 1o the cylinder head. Install the
cylinder head in place on the cylinder block,
then remove the engine lifting brackets from
the cylinder head. Install and draw the cyl-
inder head stud nuts down evenly, rotating
from one nut to another. Tighten the nuts
to a torque of 165 o 175 Ibs. ft. by starting
at the center nuts and working toward each
end, tightening each nut a little at o time.
Refer to Fig. 7.

Coat the engine lifting bracket gaskets with
gasket cement and place them in position,
then install the engine front and rear lifting
brackets in ploce on the cylinder head.
Install the capscrews and lockwashers to
attach the brackets to the cylinder head,
flywheel housing, and the balance weight
cover. Tighten the capscrews to a torque
of 55 to 60 Ibs, ft.

Insiall the injectors in the cylinder head
{refer fo “INJECTOR INST&HATEON“‘ in
Section II). Install the injector fuel pipes.

Install the injector control tube assembly in
positien in the cylinder head, then install
the capscrews o attach the control tube
brackets to the cylinder head and tighten to
a torque of 10 to 12 lbs. ft.

Install a new gasket between the governor

+ control shaft housing and the eylinder head,

and install the two (2) attoching capscrews.
Tighten the four (4) capscrews attaching the
lower end of the governor control shaft
housing to the governor weight housing.

7.

Install the governor to injector control lever
link, then install the governor control hausing
cover.

Connect the fuel lines to the rear of the fuel
manifolds, located on the right side of the
cylinder head. Install the two (2) capscrews
o attach the second stage fuel filier to the
cylinder head.

10.

11.

12.

13.
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Fig, 7 — Sequence Chari for Tighiening
Cylinder Heod Stud Muis

Install a new air inlet elbow gasket in posi-
tion on the air intake housing. Place the air
inlet elbow in position on the air intake
housing and secure with the attaching cap-
screws. Ploce the air cleaner hose in position
on the air cleaner and the air inlet elbow
and tighten the hose clamps.

Install the air shut-off lever spring and its
hook on the air shut-off swivel lever. Install
the throttle control retracting spring.

Connect the engine temperature gage tube
to the rear of the water manifold,

Examine the goskets used between the water
outlet manifold and the upper end of the
water by-poss tube and between the water
outlet elbow and the upper end of the water
by-pass tube and replace if necessary. Coat
the goskets with gasket cement. Install the
thermostat, with the element end towards
the manifold, then install attaching cop-
screws fo secure the elbow and the by-pass
tube to the water manifold.

Install the exhaust muffler using new exhaust
muffler gaskets.



14, Fill the engine cooling system ({refer ta
“FILLING AND DRAINIMNG OF SYSTEM” in
Section V).

15. After the installation of the cylinder head is
completed, adjust the valve lash (refer to
“VALVE LASH ADJUSTMENT” in this Sec-
tion}. Time and equalize the injectors (refer

to “INJECTOR TIMING"” and “INJECTOR

EQUALIZING” in Section II},

16. Start the engine ond inspect for fuel and

oil leaks. Correct any leaks found.

17. Examine the rocker cover gasket and replace
if necessary, then install the rocker cover.
Install the engine hood and the engine air

pre-cleaner.

3. EXHAUST VALVES AND OPERATING MECHANISM

A. Description

The exhaust valves are made of silichrome steel
and carefully heat-treated to develop the special
properties 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 seat inserts in the cylinder head are
accurately ground to very close limits and their
freedom from warpage under ordinary working
conditions reduces valve grinding to a minimum.
The valve guides, made of fine-grained cast iron,
are pressed into the cylinder head and then reamed
for the desired fit. A cylindrical valve spring, made
of alloy steel, is held in place by a retainer (spring
cap) and a tapered two-piece valve spring cap
lock.

Each cylinder is provided with a rocker arm assem-
bly consisting of, three (3) rocker arms, racker arm
shaft, two (2) rocker arm shaft brackets, and two
{2) brocket attaching bolts. The two outer rocker
arms of each assembly operate the exhaust valves
and the center rocker arm operates the fuel injector
as shown in Fig. 8.

Engines prior fo Serial Neo. 4A-29209 were pro-
vided with injector rocker arms with the injector
end of the rocker arms fitted with o hardened ball
stud and o ball seat which forms a flexible joint.
The ball seat iransmits the rocker arm motion to
the fuel injector. Engines Serial No. 4A-29209 and
above were provided with injector rocker arms
with the injector end of the rocker arm hardened
and ground to a cylindrical surface, which bears
directly on the injecior plunger follower. The valve
contact end of each valve rocker is also hardened
and ground to o cylindrical surface, which becus
directly on the end of the valve stem. The rocker
arms are operated from the camshaft by push rods.
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Contact between the camshaft followers and the
corresponding camshaft lobes is made by o roller
containing o bushing type bearing. The roller
rotates on a pin which attaches the roller to the
camshaft follower. The camshaft follower rollers
are held squarely with the corresponding camshaft
lobe surfaces by camshaft follower roller guides,
bolted to the bottom side of the cylinder head.
Each camshaft follower spring. located inside the
hollow camshaft follower, is held in place in the
cylinder head by a spring upper seat and a spring
upper seat retainer {wire locking ring).

Lubricating oil for the valve operating mechanism
is supplied by the engine oil lubricating oil pump
through o longitudinal oil passage in the cylinder
head, entering the hollow rocker arm shofts
through an oil passage in the shaft bracket bolts.
Excess oil from the rocker arms, returning to the
crankease ofl pan, lubricates the valves, injectors,
cam followers, blower gears, and the governor.

B. Service

Several operations on the valve mechanism may



be performed without removing the cylinder head,
while the head must be removed for certain other
operations. The operations not requiring head
removal are:

1. Adijustment of valve lash.

2. Removal or replacement of an exhaust valve
spring.

3. Removal or replacement of a rocker arm,
rocker arm shaft and rocker shaft bracket.

4. Removal or replacement of a camshaft fol-
lower assembly, camshaft follower spring,
and push rod.

The cylinder head must be removed to perform
the following valve operations:

1. Removal or replacement of a valve or o
seat insert.

2. Removal or replacement of a valve guide.
3. Grinding of valves or valve inserts.
C. Valve Lash Adjustment

Correct clearance between the valve stem ends and
the rocker arms is very important in o “DIESEL”
engine. Insufficient valve clearance will cause loss
of compression, “missing,” and eventual burning of
the exhaust valves and the valve inserts. Excessive
exhaust valve clearance will result in noisy engine
operation and rapid wear on the valve operating
mechanism. Valve adjustment should be made to
allow .009” clearance (lash) with engine at normal
operating temperature (160° — 185° F.).

After any mechanical work has been done which
would disturb the valve setting, the valves may be
set “cold” to .012" clearance so that the engine
may be run and allowed to warm up to operating
temperature in preparation for the final correct
adjustment.

1. Remove the air pre-cleaner, engine hood,
and the rocker cover.

2. Crank the engine with the starter until the
injector rocker arm of the cylinder to be
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adjusted is down and the injector plunger
follower is at the botfom of its stroke. The
exhaust valves for that cylinder will then be
closed and the valve rocker arms will be
raised off the valve stems.

3. Check the clearance between the valve stems
and the rocker arms. When adjusted prop-
erly, a .009” thickness gage will pass be-
tween them with o slight drag when the
engine is at normal operating temperature
(160° to 185° F.). With the engine at ambient
temperature, a .012” thickness gage may be
used and the valves adjusted to .012"
clearance — cold. Adjust each valve by loos-
ening the lock nut and turning the push rod
into the push rod clevis to increase the
clearance or out of the push rod clevis to
decrease the clearance as necessary. When
proper clearance (lash) is obtained, tighten
the lock nut. Recheck the clearance to be
sure it was not changed by tightening the
lock nut.

ALVE ROCKER ARM

Fig. 9 —Valve Adjsi‘menf

4. Crank the engine with the starter and re-
peat the above operation on the valves for
the other cylinders. Install the rocker cover,
engine hood, and the air pre-cleaner.
CAUTION: If for any reason a push rod was
disconnected from a rocker arm, be sure
when it is reinstalled, thot the upper end of
the push rod is flush with the inside of the
clevis yoke before cranking the engine. If it



is nof, it is possible that the valve will be
opened too far and the piston will strike the
valve and damage the valve or piston.

0. Rocker Arm Removal, inspection, and

instaliotion

Thoroughly clean the rocker cover and re-
move the cover. If the cylinder head is in-
stalled on the engine, crank the engine until
the push rod ends of all three of the rocker
arms for one cylinder are in line.

Disconnect and remove the injector fuel
pipes. Place shipping caps on the fuel con-
nectors to prevent dirt entering the fittings.

Remove the bolts from the rocker arm shaft
brackets, Remove the brockets from the shaft
and remove the shoft from the rocker arms.

Loosen the lock nuts ot the upper ends of
the push rods and unscrew the rocker arms
from the push rods.

Inspect the bushings inside the rocker arms
for wear. Normal clearance between the
shaft and the bushings is .001” to .0025"
and must not exceed .004”. Replace the
bushings if they are excessively worn. Ream
the new bushings to allow .0C1” to .0025"
clearance with the shoft. Clean out the oil
holes in the recker arms, hollow bracket
bolis, and rocker shafts with solvent, small
wire, and compressed air, Smooth the ends
of the rocker arms if they are worn and
cupped by contact with the valve stems.

Lubricate the rocker arm shaft with engine
oil and install the rocker arms and the rocker
arm shaft by reversing the sequence of
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operations for removal. Install the injector
(center) racker orm on the rocker arm shaft.
On early model engines the injector rocker
arm can be identified as the rocker arm
fitted with ball stud and ball seat. On [ate
model engines the injector rocker arm can
be identified as the rocker arm having two
bosses of equal length. Install each valve
rocker arm on the shaft, with the longest

boss of each toward the injector rocker arm,
Place the shoft brackets on the shaft with the
machined side of each bracket toward the
valve rocker arms.

Before tightening the bolts in the rocker arm
shaft brackets, hold the three rocker arms
and the two brackets together so that, when
the bolts are tightened, o total of .004” to
006" end clearance will be allowed be-
tween the rocker arms and the brackets.
Excessive clearance between these parts will
allow teo much oil to emerge from between
the rocker arms, instead of being forced
through the drilled oil pasages in the rocker
arms to lubricate the push rod ond comshoft
follower assemblies. Tighten the rocker arm
shaft bracket bolts to o torque of 90 to
100 lbs. ft.

CAUTION: After a rocker arm has been
disconnected from a push rod, be sure that,
when reinstolled, the clevis on the rocker
arm is screwed on the upper end of the push
rod unfil the end of the rod is flush with the
inside of the clevis yoke. Otherwise, the
valves will open foo far when the engine is
cranked and the piston will sirike the valve,
and damage to the valve, push rod, or piston
will result.



E. Removul, Inspection, and Installation of
Cam Follower Assemblies

1. Remove the injector fuel pipes, rocker arm
shaft brackets, and the rocker shaft (see Saxggf?
"ROCKER ARM REMOVAL, INSPECTION, PUSH ROD
AND INSTALLATION™). Loosen the push rod
lock nut and unscrew the rocker arm from
the push rod that is to be removed.

ROCKER ARM
SHAFT BRACKEY

LOCK WIRE
~SPRING RETAINER
2. Depress the follower spring by pushing down FOLLOWER SPRING
on the spring upper seat with a serewdriver,
and use another screwdriver fo remove the
spring upper seat retainer {lock wire) from
?h& groove n ?t’i% cyiiader i‘tecd, GbOV& ﬂ'l& LOWER SPRING SEF\T%
spring seaf. NOTE: Use o fool similar fo the
one shown in Fig. 10 for this operation, if
tool is availuble, Lift the push rod and spring
‘assembly from the cylinder head. Insert «
finger into the cam follower and pull the Fig. 11 ~Camshaft Follower and
cam follower up out of the cylinder head. Push Rod Assembly
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3. If the cylinder head is removed, the follower toii‘:ggsfzw w L
= & £
assemblies may be removed from the cyl- CAMSHAFI FOLIGWER

» ¥ ¥ E
s inder head by removing the capscrews af- ALVE SEAT INSERT

taching the camshaft follower roller guides
to the lower side of the cylinder head and - Fig. 12 Valve Mechunism
removing the guides. Remove the complete
follower assemblies through the bhottom of
the cylinder head.

5. The cumshaft follower rollers must rotate
smoothly and freely. Measure the total clear-
ance between the camshaft follower roller
bushing and the pin. Since the camshaft
fobe forces the comshaft follower roller
against the boffom-side of the pin during
engine operation, and, therefore all of the
wear is taken on the bottom side of the pin,
the clearance between the roller bushing

4. After the camshaft follower assemblies have
been removed, they should be cleaned in
solvent, blown dry with compressed air, and
inspected before they are again assembled
in the cylinder head.
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and the pin must be taken crosswise to the
direction of operation of the camshaft fol-
lower body. By measuring the clearance in
this manner, o better measurement of bush-
ing wear can be determined as the measure-
ment is taken across the unworn diameter
of the pin. The maximum clearance betwsen
the roller bushing and pin is .015" before
replacement is necessary. The camshaft fol-
lower rollers must be free of flat spots ar
scuff marks. The presence of such marks are
indications that the rollers have not been
rotating freely. If such marks exist on the
rollers, inspect the camshaft lobes on which
the rollers have operated. Replace the cam-
shaft if the comshaft lobes are worn or
scuffed.

NOTE: New, or solvent.cleaned, camshaft
follower assemblies must be immersed in
clean lubricatfing oil for of least five minufes
before installing the follower assemblies in
the cylinder head. This will assure initial
lubrication of the follower assemblies which
is esseniial to safisfactory follower per-
formance.

When installing the comshaft follawer and
push rod assembly with the cylinder head not
removed, proceed as follows:

a. Lubricate the roller and follower. Insert
the camshaft follower into the cylinder
head (roller end down), with the oil hole
in the lower end of the follower point-
ing away from the exhaust valves. The
roller must engage the slot in the fol-
lower roller guide.

b. With the spring upper seat retainer (lock-
wire) removed, and with the spring lower
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seat, follower spring, and spring re-
tainer (upper seat) installed on the push
rod, insert the push rod assembly into
the head and the camshaft follower.

c. Depress the camshaft follower spring
with a screwdriver and install the spring
upper seat retainer (lockwire) in the
groove in the cylinder head above the
spring retainer.

d. Screw the push rod lock nuts down on
the push rod, then install the rocker arms
and shaft as explained in “ROCKER ARM
REMOVAL, INSPECTION, AND INSTAL-
LATION.

7. When installing the camshaft follower and

push rod assembly with the cylinder head re-
maved, proceed as follows:

a. Install the spring upper seat retainer
(lockwire} in the groove in the cylinder
head.

b. With the spring retainer, spring, and
lower spring seat installed on the push
rad, place the push rod assembly in the
camshaft follower and insert the assem-
bly up through the cylinder head, with
the oil hole in the follower toward the
outer side of the head.

¢. Insert the attaching capscrews through
the camshaft follower roller guide, then
place the guide in position aguinst the
cylinder head, with the main body of the
guide toward the center of the head and
with the camshuft rollers engaged in the '
slofs in the guide. Tighten the attaching
capscrews fa a torque of 12 to 15 lbs. fi.



F. Exhoust Yolve Spring Removal and
instoallation

YALVE SPRING LOCK

R
L= Fig. 13 — Removing Exhaust Valve Springs

Removal of the cylinder head is not necessary if
removal of the exhaust valve springs only is de-
sired. However, special care should be taken to
prevent the valves from falling into the cylinders
when the springs are removed. If this should occur,
it would be necessary to remove the cylinder head
in order to retrieve the follen valve.

1. Remove the rocker rover and crank the en-
gine with the starter until the piston is af
the top of its stroke, which is indicated when
the injector rocker arm is down (injector
plunger follower at the bottom of its stroke).

Disconnect and remove the injector fuel
pipes. Install shipping caps on the fittings ta
prevent entrance of dirt.

Remove the baolt frem each rocker shoft
bracket and remove the broackets and the
shoft,

Insert one of the brucket bolts through the
valve lifter bushing and the valve spring
compressor tool as shown in Fig. 12, and
screw the bolt into the tapped hole of the
cylinder head nearest the valve spring to
be removed.

Using precaution to prevent the exhaust
valve from falling into thetcylinder, depress
the valve spring and remove the valve spring
cap locks. Lift the valve spring cap, spring,
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and spring seat from the valve and valve
guide,

Inspect the valve spring, cap, and seat for
wear or damage. Replace any worn parts.
The exhaust valve spring when compressed
to o length of 2-3/16" should have an ap-
proximate load of 44 Ibs. When the spring
is compressed to o length of 1-51/64” it
should have a load of 140 lbs. {plus or minus
4%z ibs.). Replace the spring when it has a
loading of less than 122 lbs. when com-
pressed to o length of 1-51/64".

Install the exhaust valve spring by reversing
the sequence of operations for its removal,
Refer to "ROCKER ARM REMOVAL, IN-

SPECTION, AND INSTALLATIONY to install
the rocker arms. Adjust the valve lash and
check for fuel leaks from the injector fuel
pipe connections after starting the engine.

G. Removal and Instoliation of Exhawust
Valves, Guides, and Seat Inserts

I. Remove the cylinder head from the engine
(refer to “CYLINDER HEAD REMOVAL” in
this Section). Place the cylinder head on «
work bench right side up, with the valve
heads resting on @ 27 thick block of wood
to profect the comshaft follower rollers which
project through the bottom of the head.

Remove the exhaust valve springs as de-
scribed in “EXHAUST VALVE SPRING RE-
MOVAL AND INSTALLATION.” Turn the
cylinder head on its side and remove the
exhaust valves from the head. Place the
valves in o rack as they are removed from
the head so they can be identified and re-
installed in the head in their original posi-
tions.

Clean the carbon from the valves and seat
inserts and ream the carbon from the valve
guides with a valve guide cleaner.

Replace the valves if they are bent or worn.
The specified diameter of the valve stem is
34157 to .34257; the clearance of the stem



WALVE GUIDE
T REMOYING FOOL

WALVE GUIDE

CYLIMDER HEAD
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in the guide is .002” to .004” ond should
nol exceed .006".

Remove the guides by driving them out from
the fop of the cylinder head, using a valve
guide removing tool similar to the one shown
in Fig. 14.

New valve guides are installed by placing
the machined collar an the tool, and driving
each guide into the cylinder head from the
bottom until the collar of tool is against
the surface of the head. This will locate the
valve guides for the proper height (flush with
the top edges of the head).

After the valve guides have been installed,
insert the valve stems info the guides to check
for the proper clearance of .002” to 004"
between the stems and the guides. If the
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Fig. 15 "tastalling Valve Guides .|

VALVE GUIDE T
REFLACER TOOL™

¢ S e

YALVE GUIDE REAMER
CYLINDER HEAD

Fig. 16 — Reaming Valve Guides

clearance is less than .002”, the guides must
be reamed to obfain proper clearance with
o reamer os shown in Fig. 16,



7.

Inspect the valve seat inserts, If they are
loose, cracked or pitted, new ones should be
installed. The valve seat inserts are a press
fit into the cylinder head and should be re-
moved with special tool as shown in Fig. 17.

Remove the valve seat inserts as follows:

Place the cylinder head on a bench and
insert the collet of the remover toal in-
side the valve seat insert so that the lip
at bottom of the collet flange is flush
with the bottom side of the valve seat
insert. While holding the collet in this
position, expand the collet by furning
the nut at the top of the tool. Be sure
that the flange of the collet is firmly
entered just below the valve seat insert.

Place the tool body over the top of the
colleft, with the “ALLEN” screw of the
body in line with the slot below the
threads on the collet, Turn the “ALLEN”
screw JN to engage the slot and lock
the screw on the collet.

Place the thrust bearing over the top of
the collet and on top of the body.

Place the screw head of the tool on the
collet and continue to tighten it until the
valve seat insert is pulled from the cyl-
inder head.

Fig. 17 — Removing Valve Sea} Insert
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Fig. 19— Checkmgr Valve Seat for Concentricity



9. Particular care must be exercised when re-
placing the valve seat inserts. The inserts are
installed into the cylinder head with a .00257
to 005" press fit, and must be storted in

place “true” with the counterbore in the
head.

IMPORTANT: REFER TO “VALVE AND
VALVE SEAT GRINDING” IN THIS SECTION,
TO DETERMINE THE PROPER VALVE SEAT
INSERT TO BE INSTALLED IN THE CYLINDER
HEAD.

Install the valve seat inserts as follows:

Make certain the valve seat counter-
bores in the cylinder head are clean and
free of burrs.

[+ B

Immerse the cylinder head for approxi-
mately 30 minutes in water heated o
near boiling temperature, or chill the
seat inserts with dry ice for approxi-
mately 45 minutes.

Place the cylinder head botiom-side up
on a bench. Clean out the seat insert
counterbores with compressed air and
start a seat insert into the counterbore
{valve side up).

Using the valve seat insert installing tool
similar to the one shown in Fig. 18,
insert the pilot end of the tool into the
valve guide and drive the seat insert
down tightly into the counterbore. This
operation must be done quickly, while
the valve seat insert is cold.

Check each valve seat for concentricity
with its valve guide {refer to Fig. 19)
and, if necessary, recondition the seat
or seats as directed in “YALVE AND
YALVE SEAT GRINDING” in this Section.

M. Valve and Valve Seaf Grinding

In tracters having Engine Seriol No. 4A-19529 and
above, the cylinder block and the cylinder head
were revised to provide “metal to metal” contact
between the cylinder block and the cylinder head.
The new type cylinder head is approximately
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Fig. 20— Reamirg Valve Guide

7/32" wider than the cylinder head used previous
ta this serial number. In conjunction with this cyl-
inder head and block change, a new type cylinder
head to block gasket set was included (refer to
“CYLINDER HEAD INSTALLATION in this Section).

The new type cylinder head is equipped with 30°
exhaust valves and valve seat inserts, whereas, 45°
exhaust valves and valve seat inserts are used in
the previous type cylinder head {used on engines
prior to Serial No. 4A-19529). This change affects
only the exhaust valve and valve seat insert; the
valve guide, valve spring, caps, and the locks
were not changed.

The 30° valve seat inserts are approximately (42"
thinner than the 45° valve seat inserts, and the
counterbore for the seat inserts in the late type
cylinder heads is approximately .042” less. The
valve head of the 30° exhaust valve in the late
type cylinder head may protrude o maximum of
.014” past the cylinder head fire deck (bottom flat
surface of the head) or it may set in the fire deck
a maximum of .005”, The 45° valve head used in
the early type cylinder head may protrude .017"
or set in 004" from the flat surface of the cylinder
head fire deck.

The lote type 30° exhaust valve and 30° valve
seat insert may be used in the early type cylinder
head. The 30° valve hewnd, when installed in the



early type cylinder head, may protrude a maximum
of .017" past the fire deck or set in a maximum of
.004" below the cylinder head fire deck (same as
the former 45° valve installed in the early type
cylinder head). When the 30° valve insert is in-
stalled in the early type cylinder head, the seat
insert will not extend to the edge of the countersink
in the counterbore for the seat insert. Under these
conditions, a standard width 30° grinding stone
might strike the edge of the cylinder head counter-
sink, thus removing some of the metal from the
cylinder head. This will not injure the cylinder head
in any way, but will increase the amount of time
required to grind the valve seats. To eliminate the
necessity of grinding away part of the countersink
in the cylinder head, the 30° grinding stone
diameter may be reduced, thus reducing the
amount it cuts into the cylinder head.

NOTE: DO NOT INSTALL THE 45° EXHAUST
VALVE AND 45° VALVE SEAT INSERT IN THE
LATE TYPE CYLINDER HEAD. The 45° valve seat
insert is .042" thicker than the 30° valve seat insert,
therefore, the valve seat insert being .042" thicker
than the depth of the counterbore in the late type
cylinder head would-protrude from the counterbore
and would be subject to burning out very rapidly.

Summary

1. The 30° exhaust valves and 30° valve seat
inserts may be used in EITHER the LATE TYPE
or the EARLY TYPE cylinder heads.

The 45° exhaust valves and 45° valve seat
inserts may be used ONLY in the EARLY
TYPE cylinder heads.

Before installing either a new or used exhaust
valve, the valve seat insert in the cylinder head
should be examined for proper valve seating. Fur-
thermore, if an exhaust valve once used is to be
installed again, the valve stem should be cleaned
and the seat ground to the recommended angle
(30" or 45%), depending on whether it is the late
type or the early type valve as described above.
The valve guide should be thoroughly cleaned with
the valve guide cleaner tool. If the bore in the
valve guide is worn oblong, or if the valve heads
are warped relative to the valve stem, the neces-
sary parts must be replaced.
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The width of the valve seats of the late type 30°
exhaust valves and valve seat inserts must be be-
tween 1/16" and 3/32" regardless of which type
cylinder head is used.

The width of the valve seats of the early type 45°
exhaust valves and valve seat inserts must be be-
tween 5/64" and 7/64",

When new valve seat inserts are installed, or used
inserts refaced, the work must be done with a
valve seat grinding set. The ordinary method of
grinding valve seats is ineffective for this operation
because of the very hard valve seat insert material.

The usual equipment furnished with the valve
grinder set includes the following items:

1. Valve seat grinder

2. Dial gage
3. Pilot
4. Four grinding wheels — 30° — 45° — 60°

and 70°

When refacing the late type 30° valve seat, use
a 30° grinding wheel for refacing the valve seat
and a 70° grinding wheel for opening the throat
of the insert {below the valve seat) and for narrow-
ing the seat to the recommended seat width of

1/16" to 3/32".

When refacing the early type 45° valve seat, use
a 45° grinding wheel for refacing the valve seat
and the 30° and 60° wheels for narrowing the seat
to the recommended width of 5/64" to 7/64".

After the valve seafs have been dressed with the
grinding wheel, the dial gage shown in Fig. 19
should be used to check the concentricity of the
valve seats relative to the valve guides. The total
runout for a good valve seat should not exceed
002,

IMPORTANT: All the valve seat inserts must be
ground so that the width of the seat falls within
the recommended width of 1/16" to 3/32" for the
late type 30° seat valves, and 5/64" to 7/64" for
the early type 45° seat valves. Also, it may be
necessary to grind the seats of the inserts fo pre-
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vent the valve heads from proiruding too far from
the botiom face {flot surface) of the cylinder head
as expiained abave.

After o grinding wheel has been used several
times, the culting angle of the stone must be re-
ground and made true to obtain the proper seat
angle. Place stone on the dressing too! and set
the arbor for the required angle,

After the valve seats have been ground, the valves
may be put in place and lapped in perfect seafs

in the regular manner, as shown in Fig. 22. After
lapping, the contact between the valves and the
seats may be checked by wiping a thin film of
Prussicin Blue on each valve seat, setting the valves
in place, and bouncing each valve on its seat. If
the valve seats are properly ground, o continuous
thin, blue line will be evident around the face of
the valve.

Assemble and install the cylinder head as outlined
in pertinent pages of this manual.

4. CYLINDER BLOCK AND LINERS

A. Description

The cylinder block and crankcase, which is the
main structural part of the engine, is a box-like,
one-piece casting made of alloy cast iron. Rugged
transverse members, cast integral, provide rigidity
and strength, assuring perfect alignment of the
bores and bearings under all loads. The cylinder
block is bored to receive the cylinder liners.

The water jackets extend the full length of the
cylinder bores and are divided into upper and
lower sections, which are connected by hollow
struts. Coolant enters ot the bottom of the water
jacket and leaves the jacket at the top through
holes which register with corresponding openings
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in the cylinder head. Surrounding the water space
is an air chamber {air box) which conducts the air
from the blower to the inlet ports in the eylinder
liners.

The vpper halves of the main beearing seats are
cast integral with the cylinder block. Drilled pas-
sages in the block carry lubricating oil to ol
internal moving parts. Hand-hole covers, on the
side of the block oppaosite the blower, permit access
to the air chamber, and inspection of pistons and
rings through the intake ports in the cylinder walls.
Cylinder blocks ordered for service are furnished
with main bearing caps, studs, and the necessary
plugs.



Cylinder liners are serviced separately. The re-
placeable type cylinder liner, made of hardened
alloy cast iron, in each cylinder is accurately honed
to o very smooth finish. A flange ot the top of the
liner fits into @ recess in the cylinder block, assur-
ing proper positioning in the block. Even tempera-
ture and minimum distortion are assured by water
cooling each liner aver its entire length, except at
the ports. The cylinder liners are cooled of the
ports by the scavenging air from the blower. To
permit introduction of fresh air into the cylinder,
one row of holes, 3" in diameter, are drilled into
the circumference of each liner as shown in Fig. 23.

In order to obtain proper sealing of the individual
compression gaskets, and still maintuin the “metal-
to-metal” contact between the top of the cylinder
block and the bottom of the cylinder heod, In
tractors having Engine Serial No. 4A-19529 and
above (having the late type cylinder block), the
top surface of the cylinder liner flange must be
046" to 050" below the top flat surface of the
cylinder block. If upon inspection, the top surface
of any cylinder liner flange does not fall within
the 046" to 050", the necessary cylinder liner
shims must be installed between the bottom of the
cylinder liner flange and the top of the cylinder
liner supporting insert. The shims are available in
two sizes: .0015"” and 003" thick,

Fig. 23 — Cylinder Linar
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To obtain proper sealing of the cylinder head com-
pression gosket in tractors having engines prior to
Serial No. 4A-19529 (having the early iype cyl-
inder block), the top surface of the cylinder liner
flange must protrude 002" 1o .006” above the fop
flat surfuce of the cylinder block. In addition, the
difference in protrusion between any two adjacent
cylinder liners should not exceed .002"”. It upon
inspection, the top surface of any cylinder liner
flange is not .002” to 006" above the top flat
surface of the cylinder block, or the difference
between any two adjacent liners exceeds 0027,
the necessary cylinder liner shims must be installed
between the bottom of the cylinder liner flange
and the shoulder in the cylinder block. (Cylinder
liner supporting inserts are not used on engines
prior to Serial No. 4A-19529.}

The cylinder liner shims are available in two sizes;
.0015” and .003” thick. If the engine is being
overhavled, the shim can be installed by merely
slipping it over the bottom of the cylinder liner.
However, to facilitate the installation of the shim
and to minimize the time required for its installation
when only the cylinder head is removed from the
engine, it is recommended that the shim be cut so
that it can be inserted under the cylinder liner
flange without completely removing the cylinder
liner from the cylinder block. Before installing the
shim, moke sure that its surfaces are smooth and
entirely free from burrs and wrinkles.

When only the cylinder head is removed, it is de-
sirable to raise the cylinder liner only enough to
permit the installation of the shim under the cyl-
inder liner flange.

B. Cylinder Liner Service

The cylinder liners will render satisfactory service
if the engine has proper care. The wear on a
cylinder liner and piston is directly related to the
amount of dust and dirf (cbrasive} introduced info
the engine combustion chambers through the air
intake. Dust combined with lubricating oil on the
cylinder walls forms a lapping compound. To avoid
such a condition, the uir cleaner, provided on the
tractor, should be serviced regularly.

The air ports in the cylinder liners sometimes be-
come clogged with sludge or hard carbon. Inspec-



tion should be made of their condition ot least
every 500 hours of engine operation, and if the
openings are restricted as much as 30%, the ports
should be cleaned os outlined in “AIR INTAKE
SYSTEM,” Section Ill. If the engine has been dis-
assembled and the cylinder liners removed, the
ports may be cleaned by inserting the pointed end
of a piece of wood in each port arid twisting. Avoid
using a tool which will cause burrs around the ports
on the inside of the cylinder liner.

An alternate method of cleaning the cylinder liner
ports is to soak the cylinder liner in o hot caustic
soda or lye solution long enough to loosen the
carbon deposits. Final cleaning can then be accom-
plished with o bristle brush.

€. Cylinder Liner Removal

The cylinder liners will, in most cases, slide out of
the block when the pistons are removed. Cylinder
liners that stick in the cylinder block may be
loosened and removed by placing the end of a
hardwood block against the bottom of the liner
and striking the black sharply with a hammer.

D. Cylinder Liner Cleaning and Inspection

1. Remove all dirt, carbon, or grease from the
cylinder liners and the liner bores in the
cylinder block. Discard the cylinder liners if
they are scored, cracked, or worn beyond
the allowable limits, Slightly scuffed cylinder
liners, if not worn, may sometimes be made
usable by polishing or lapping to remove the
surface irregularities. Clean the cylinder liner
porfs, removing ony burrs made in the
cleaning of the ports. Failure to remove all
the burrs from the inside of the cylinder
liners can result in the early failure of an
engine,

2. Check the cylinder liners for roundness,
taper, and the amount of wear by means
of o gage similar to the one shown in Fig.
24. Measure each cylinder liner os outlined
in the diagram in Fig. 25. Do not install
cylinder liners that have more than 0015
taper or that are more than .C015" out of
round when installed. Be sure that the cyl-
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b Fig. 25 — Measuring Cylinder Liners
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inder liners slide into the cylinder hlock
bores freely to assure o loose fit. If the bores
in the block are in a tapered or out-of-round
condition, they should be honed slightly with
a fixed-stone hone to remove the high spofs.



3. Measure the new cylinder liners after they
are installed, in the manner described above.
Due to their thin walls, it is possible for the
cylinder liners to go out of round while in
stock or through careless handling.

4. Refer to “FITTING PISTONS WITH LINERS”
in this Section, for fit of the pistons with
the cylinder liners.

E. Cylinder Liner Installation

1. Clean the cylinder liner and the bore in the
cylinder block thoroughly and make sure
that the bottom surface of the cylinder liner
flange and the counterbore in the cylinder
block are clean ond not damaged.

On firactors having Engine Serial No. 4A-
19529 and above, examine the cylinder liner
supporting insert that is used in the counter-
bore of the cylinder block beneath the flange
of the liner. Be sure that all surfaces of the
insert are clean, flat, and smoocth so the
insert rests perfectly in the counterbore and
will allow the cylinder liner to slide freely
through when the cylinder liner is installed.
NOTE: This cylinder liner supporting insert
is not used in engines prior to Serial No,
4A.19529. In these engines; the cylinder
finer flange rests directly on the flaf surface
of the counterbore in the cylinder block,

2. Keeping the above information in mind, in-
stall the cylinder liner supperting insert in
position in the counterbore of the cylinder
block if the engine is of the serial number
requiring the insert. Insert the cylinder liner
in position and check the location of the top
of the cylinder liner flange in relation to the
top flat surface of the cylinder block. On
tractors having Engine Serial No. 4A-19529
and above, the top surface of the cylinder
liner flange must be .04&6" to .050” below
the top flat surfoce of the cylinder block.

On tractors having engines prior to Serial
No. 4A-19529, the top surface of the cyl-
inder liner flunge must be .002" to 008"
above the top flat surface of the cylinder
block and the difference between any two

adjacent cylinder liners should not exceed
0027,

CAUTION: These dimensions must be held
in order fo obtain proper secling of the
gasket sef, between the cylinder head and
the cylinder block, when the cylinder head
is fightened in place.

3. On tractors having Engine Serial No. 4A-
19529 and above, if the top surface of any
cylinder liner flange is not .046” fo .050"”
below the top surface of the cylinder block,
the necessary cylinder liner shims must be
installed between the bottom of the eylinder
liner flunge and the top of the cylinder liner
insert, The shims are available in two sizes;
00157 and .003" thick.

On tractors having engines prior to Serial
MNo. 4A-19529, if the top surface of any
cylinder liner flange is not .002™ to .006"
cvhove the top flat surface of the cylinder
block, or the difference between any two
adjacent liners exceeds .002%, the necessary
cylinder liner shims must be installed be-
tween the bottom of the cylinder liner flange
and the shoulder in the cylinder block. The
shims are ovailable in two sizes; 5015”7 and
003" thick.

F. Cleoning and Inspection of Cylinder
Block

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 affer oll
the parts have been removed from the cylinder
block and it has been thoroughly ceaned with
steam or o suitable solvent and dried with com-
pressed air.

Inspect the entire cylinder block for cracks or
damage. If the cylinder liners are not to be
changed and are left in the cylinder block, clean
all the air ports in the cylinder liners as explained
in “AIR INTAKE SYSTEM,” Section lil.

All the oil passages in the cylinder block must be
cleaned before assembling the engine. Effective
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cleaning of these passages can be accomplished
only with the use of high steam pressure with «
solvent used in the water to dissolve the sludge
and foreign material that has collected, as these
would not be removed if only a brush and solvent
or similar cleaning method were used, Remove the
various plugs at the ends of the oil galleries to
clean the passages. After cleaning, flush the pas-
sages in the cylinder block with clean water under
pressure to remove all traces of the solvent.

To clean the water jocket of the eylinder block,
remove the plugs from the jucket. Apply high
pressure 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 oll these plugs
are installed in their proper places after the block

has been cleaned and dried. Coat the threads of
all plugs with white lead to assure o tight seal.
The plugs must be installed so thot they do not
project from the block to interfere with the fit of
the attached parts,

G. Air Box Drain Tube

Three (3) air box drain tubes are provided for
drainage of fuel and engine oil that might accu-
mulote into the air box and would otherwise be
drawn into the cylinders with the air. One drain
iube is located approximately in the center on the
left hand side of the cylinder block; the other two
(2) tubes are located on the right hand side at the
front and rear of the cylinder block. These tubes
must be kept open of all times. Remove the tubes
and elbows and clean them if clogging oceurs. Alr
emerging from the tubes while the engine is oper-
afing will indicate that the tubes are open.
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5. CRANKSHAFT, CRANKSHAFT PULLEY, FLYWHEEL, AND MAIN BEARINGS

C
RANKSHAFT CAPSCREW CRANKSHAFT SLEEVE

CRANKSHAFT PuC;LEY (FOR USE WITH WORN CRANKSHAFT)
FRONT Oll $EAL SPACER
LOCKING WIRE
OIL PUMP DRIVING GEAR QILING WKK
DOWEL BIN REAR OIL SEAL

BOLT
\ CRANKSHAFT GEAR FLYWHEEL
WOODRUFF KEY MAI":*RBUE? :’ASHEH
RING SHELL
OIL SLINGER CRANKSHAFT
FRONT QIL SEAL DOWEL PIN OIL SEAL SPACER
PULLEY RETAINING WASHER (FOR USE WITH WORN, CRANKSHAFT)

Fig. 26 — Cronkshoft and Flywheel Details

A. Description - . - .
replaced in its respective position and with

1. CRANKSHAFT. The rigid crankshaft is a high the numbers of the bearing caps located
alloy steel drop forging, carefully heaot- towards the blower side of the engine.
treated to assure utmost strength and dura-
bility. All the main «nd connecting rod bear-
ing journals are hardened and ground to «
smooth finish. Complete static and dynamic
balance of the rofating ports has been
achieved by counter-weights incorporated
on the crankshaft,

The upper halves of the main bearing shells
are seated in the lower part of 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 twe (2)
special bolts. Euch half of the bearing shell
is prevented from endwise or radial move-

The end thrust of the crankshaft is taken by ment by a tang at the paorting line on one
two (2) piece bronze washers on each side side of the bearing shell. Euch bearing cap
of the rear main bearing. The crankshaft is is locked from sidewise movement by a line-
drilled for full pressure lubrication to the to-line fit between the bearing cap and bolt,

main and connecting rod bearings.
A spring loaded, lip type oil seal, placed in

A lubricating oiling wick and wick holder the bore of the flywheel housing at the rear,
assembly is installed in the rear of the crank- is used to seal the crankcase oil from the
shaft for lubricating the engine clutch shaft flywheel compartment. The sealing lip of the
front bearing (pilot bearing). seal is held aguinst the crankshaft journal
by o coil spring to prevent oil from creeping
2. MAIN BEARINGS. Five main (crankshaff) along the crankshaft journal and into the
bearings are used in the engine. The beor. flywheel compartment.
ings are 3% in diometer x 1-3/16" long .
and are of the precision type, replaceable A spring loaded, lip type oil seal is also used
without machining. The main bearing cops at the front main bearing. This seal is pressed
are gttached fo the cylinder block and line into the crankshaft front cover, The sealing
bored in position to receive the precision fip of the seal bears against the front oil seal
bearing sheils. Each bearing cap is num- spacer installed on the crankshaft, next to
bered and when removed should always be the crankshoft front oil slinger.
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FLYWHEEL. The even torque of the engine
permits the use of a relatively light, cast iron
flywheel, which assures exceptional operat-
ing flexibility. The flywheel is bolted securely
to a flange on the rear end of the crankshaft
and is doweled in two places. One of the
capscrew holes 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.

The engine clutch shaft front ball bearing
(clutch shaft pilot benring), located in the
center of the flywheel, is lubricated by crank-
case oil through an oil wick and holder
assembly installed in the rear of the crank-
shaft,

B. Removal, Inspection, and Installation
of Crankshaft

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 “REPLACEMENT OF
CRANKSHAFT MAIN BEARINGS” in this
Section). However, if the crankshaft has been
damaged, removal of the engine will be
required for its replacement. A complete
inspection should be made of the other parts
of the engine at the same time. After the
crankshaft has been removed, inspect it as
outlined in the following discussion.

Inspect the crankshaft journals for scoring,
chipping, cracking, or sign of overheating.
If the crankshaft has been overheated (usu-
ally indicated by discolored or blue bearing
journal surfaces), or is scored or excessively
worn, reconditioning or replacement will be
required. Examine the bearing journals for
cracks if overheating has occurred.

If oil leakage into the flywheel housing has
been noted, inspect the crankshaft at the
point of contact with the sealing lip of the
rear oil seal. If the crankshaft is scored or
excessively worn at this point, do not discard
the crankshaft. An oil seal spacer is avail-
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able and may be installed in front of the
oil seal to change the contact position of
the seal lip on the crankshaft.

If the surface of the crankshaft is found to
be badly worn and scored at the location of
contact with the rear oil seal so that the use
of the oil seal spacer will not present a
smooth contact surface for the seal lip, a
special sleeve is available and may be in-
stalled on the crankshaft to provide a new
seal surface. When the special sleeve is in-
stalled on the crankshaft, an oil seal having
a larger I.D. (for a 4-13/16" shaft diameter)
is available and must be installed instead of
the oil sealing having an 1.D. for a 4-11/16"
shaft diameter previously used.

Measure the crankshaft main bearing and
connecting rod journals. The journals should
be measured at several places on the diame-
ter in order to show the smallest diameter
in case the journal has worn out of round.
The original diameter of the main bearing
journals is 3.499” to 3.500”; the connecting
rod journals are 2.749" to 2.750".

All main and connecting rod bearing sur-
faces of the crankshaft are hardened to a
depth of approximately .0625". If regrind-
ing of the crankshaft journals becomes neces-
sary, the work should be done by o 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 .002”, .010”, .020", and
.030” undersize are available, and if the
crankshaft is ground, the diameter of the
journals should be reduced in steps of .010”,
.020”, or .030" below 3.500" to fit the under-
size main bearing shells, and below 2.750”
to fit the undersize connecting rod bearing
shells.

Remove the slotted head pipe plugs from
the crankshaft and blow out all the oil pas-
sages in the crankshaft with compressed air.
Coat the threads of the plugs lightly with
white lead when installing them and tighten
them securely.



BEARING SHELL

C. Main Bearing Inspection

1.

Any bearing shells that are scored, chipped,
pitted, or worn beyond the prescribed limits
given below must be replaced. Inspect the
backs of the shells for bright spots. Bright
spots on the backs of the shells indicate they
have shifted in their supports and are unfit
for further use. Bearing shells which are
worn beyond the specified limits must be
replaced. Only the lower (non-grooved)
shells are loaded and subject to wear; there-
fore, if the upper shells (grooved) are serv-
iceable and not scored, the lower halves
only may be replaced. In a majority of cases,
however, it will be wise to replace all the
shells when rebuilding an engine.

The running clearance between the main
bearing shells and the crankshaft journals is
.002"” to .004" in a new engine; new bear-
ing shells must be installed when this clear-
ance exceeds .006”. The amount of wear
on the bearing shells may be determined by
measuring each shell with micrometers as
shown in Fig. 27. New shells, measured at
the point “C” in Fig. 28 are .155" thick, and
any variation from .155" will show the
amount of wear on the particular shell be-
ing measured. Bearing shells less than .153"
thick are worn beyond the allowable limits
and must be replaced.

As will be seen in Fig. 28, the bearing shells
(when in place) are .001” larger in diameter
at the parting line than they are 920° from
the parting line. The two (2) shells do not

Fig. 27 — Measuring Main Bearing Shells
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Fig. 28 — Measuring Inside Diameter of
Main Bearing Shell

form a true circle when not installed and,
when measured for inside diameter, they
should be installed in the cylinder block and
the bearing caps bolted tightly in place
(crankshaft removed). The two (2) halves of
the shells have a squeeze fit in the seat and
bearing cap, and must be tight when the
cap is drawn down. Tighten each bearing
cap to a torque of 180 to 190 lbs. ft. using
a torque wrench.

A recommended method of determining the
running clearance between the bearings and
journals is to insert a 1/32” diameter soft
lead wire, or foil, across the center of each
lower bearing shell by removing and replac-
ing one bearing cap at a time. When the
lead wire, or foil, insertions have been made,
tighten the bearing cap bolts to 180 to 190
Ibs. ft. torque, thus “crushing” the wire or
foil to shim thickness between the shells and
the crankshaft journals. Remove the lead
shims and measure them for thickness; the

clearance between the shells and the jour-
nals should be from .002” to .006".

Check the end thrust of the crankshaft, which
is taken on the thrust washers at the rear
main bearings. The minimum end play is
.004” and should not exceed .018”; replace
the thrust washers if the end play exceeds
.018"”. NOTE: Thrust washers of .005” over-
size (thickness) are also available.

D. Main Bearing Replacement

The main bearings may be replaced with the en-



gine in the tractor as explained in “REPLACEMENT
OF CRANKSHAFT MAIN BEARINGS” in this Sec-
tion. However, it is not advisable or recommended
that the work be done in that manner except in
emergency cases. Installation of the bearings with
the engine disassembled is described in “ASSEMBLY
OF ENGINE” in this Section.

E. Replacement of Crankshaft Qil Seais

Drive or press the oil seals from the flywheel
housing and the crankshaft front cover and install
new ones each time the engine is disassembled.
Use o flat piece of metal to press the new seals
into place to prevent damaging the seal; the sealing
lip side of each seal should be toward the inner
side of the housing or the cover. The sealing lips
must face each other when the housing and the
cover are installed on the engine.

F. Replacement of Engine Clutch Shaft
Front Bearing Oiling Wick

lf-the cluich shaft front bearing {(pilot bearing) in
the flywheel shows lack of lubrication, or if the
wick has allowed too much oil to pass through
(which can be determined by inspecting the engine
clutch compartment for oil accumulation due to the
wick allowing toe much oif to pass through), a new
oiling wick assembly must be installed.

Turn the wick holder out of the crankshaft and
remove the oiling wick assembly.

Install the oiling wick assembly os follows:

1. Saturate the wick with clean engine oil. Cout
the threads of the wick holder with a sealing
compound.

Insert the end of the wick into the hole in
the crankshaft and engoge the threads of
the wick holder with the threads in the crank-
shaft. Tighten the wick holder securely.

CAUTION: The wick was corefully installed
in the holder without twisting. When a new
wick assembly is received, do not twist the
wick in the holder as this will leave o groove
around the wick and will aliow foo much oil
fo puss through.
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G. Flywheel, Ring Gear, and Engine Clutch
Shaft Front Bearing Inspection and
Replacement

To remove the flywheel from the engine with it
assembled in the tractor, it is necessary to remove
the engine cluich and clutch housing (refer to
"ENGINE CLUTCH REMOVAL" Section X).

1. FLYWHEEL. Inspect the clutch wearing sur-
face of the flywheel and make sure that the
surface is flat and smooth. If it is scored and
heat checked it may be machined smooth;
replace the flywheel if more thon 1/167
stock must be removed to smooth it up.

It is very important that all burrs and nicks
be removed from the front surface of the
flywheel thot fits up 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 clutch opera-
tion, cluich wear, and engine vibration,

RING GEAR. Inspect the flywheel ring gear
for general condition and wear. Replace the
ring gear if it is not in good condition.
Remove the ring gear from the flywheel by
grinding a nofch 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 expand-
ing it. To install a flywheel ring gear,
proceed as follows:

a. The ring gear is shrunk on the flywheel
by uniformly heating the geur to 400° F.
(red heat visible in the dark), then plac-
ing it in position on the flywheel which
is at room temperature. NOTE: Do nof
heat the ring gear fo a bright red as the
heai-treatment of the gear will be de-
sfroyed.

After heating, start the ring gear on
the flywheel so that, when the flywheel
is instulled, the chamfered ends of the
teeth on the ring gear will face the cyl-
inder block. These ends of the teeth en-
gage with the pinion of the starter. Drive
the ring gear down tight against the



shoulder on the flywheel. Allow the ring
gear to cool slowly; do not cool it by
using water.

3. ENGINE CLUTCH SHAFT FRONT BEARING.
Replace the bearing in the flywheel if the
balls or the roces are worn, corroded, or
rough, or if the bearing does not roll freely
and smoothly. Remove the bearing with an
ordinary bearing puller. Install the bearing
by starting it into place, then using a driver
or tube that will provide for driving against
the outer ruce, drive the bearing into ploce.

H. Removal of Crankshaft Pulley

1. Remove the radiator and shell assembly
{refer to “RADIATOR REMOVAL” Section

PUSH-PULLER

.. Fig. 29 —Removing Crankshaff Pulley

V).
the crankshaft, then install the crankshaft
2. Release the tension on the fan belts and pulley, pulley retaining washer, and the
remove the belts from the crankshaft pulley. crankshaft capscrew. Tighten the crankshaft

capscrew fo a torque of 180 fo 200 ibs. f.
3. Remove the crankshaft capscrew and washer

used fo retain the crankshaft pulley. Using o 2. Place the fon belis in the grooves of the
puller similar to the one shown in Fig. 29, crankshaft pulley, then adjust the bels (refer
remove the crankshaft pulley from the cronk- to “FAN BELT ADJUSTMENT,” Section V).
shaft.

. 3. Install the radictor assembly and shell {refer
I, Instaliation of Crankshaft Pulley to "INSTALLATION OF RADIATOR” Sec-

1. Install the two (2) “WOODRUFF” keys in fion V).
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6. PISTONS AND CONNECTING RODS

A, Description of Pistons

The pistons are made of malleable iron with extra
long skirts, accurately ground the full length, and
plated with a protective coating of tin, which per-
mits close fitting. The top of the piston forms the
combustion chamber and is designed to displace
the air into proximity to the fuel spray.

COMPRESSION
RING GROOVE

PISTON PIN —

BUSHING
PiSTON/

QIL CONTROL
RING GROOVE

I
RING EXPANDER —om———m~ L= — -
OIL CONTROL RIN /CZ-)
e
RING E)(PJ-‘»‘NDER——ﬂ-—c}ﬂﬂ“t e
i hxg'_;
OIL CONTROL RING g

Fig. 30 — Piston Assembly Details

To add strength, rigidity, and cooling effect, the
head of each piston is cast with ribs on the inside
and is connected to the piston pin bosses by ver-
tical struts placed at right angles to the piston pin.
The ribbed head (inside of the piston), is cooled
by lubricating oil forced from a spray nozzle in
the top of the connecting rod.

Two steel-backed bronze bushings, with helical
grooved oil passages, are pressed into the piston
to provide a bearing for the hardened, floating
type piston pin. After the piston pin has been
installed, the hole in the piston at each end of the
pin is sealed with a tight steel cap and locked in
place with a lock ring; thus the lubricating oil
returning from the sprayed piston head and work-
ing through the grooves in the piston bushings is
prevented from reaching the cylinder walls.
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A balancing rib is provided on the inside of the
bottom of the piston skirt to balance the piston.

Each piston is fitted with four (4) compression rings
and four (4) oil control rings of the conventional
cut-joint type. The four (4) %" wide compression
rings are installed in the four (4) grooves in the
piston above the piston pin and the four (4) oil
control rings, with two (2) expanders, are installed
in the two (2) grooves in the piston below the
piston pin.

The pistons in the early model tractors are equipped
with two (2) “Chromium Plated” compression rings
installed in the two (2) uppermost grooves and
two (2) “Tin Plated” compression rings in the other
grooves. The late model tractors are now equipped
with four (4) “Chromium Plated” compression rings,
one (1) installed in each groove above the piston

pin.
B. Description of Connecting Rods

Each connecting rod is made of drop-forged, heat-
treated carbon steel, and forged to an “I”
with a closed hub at the upper end and an integral
cap at the lower end. The rod is rifle-drilled for
lubrication to the upper end, and is equipped with
an oil spray nozzle for cooling the under side of
the piston head. The lower end of the connecting
rod shank is fitted with an orifice which meters oil
to the rifle-drilled connecting rod.

section
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Fig. 31 — Connecting Rod Assembly

The connecting rod bearings are precision type,
without shim adjustments. The upper and the lower
halves of the connecting rod bearing shells are




different; therefore, are not interchangeable, but
are replaceable without machining.

The upper bearing shells are greoved midway be-
tween the bearing edges, port way up from each
parting line, with an oil hole through the shell ot
the termination of each groove.

The lower bearing shells have an oil groove in
line with that of the upper shell and circling the
shell from parting line to parting line. These
grooves are always in line with the oil holes in the
crankshaft, thereby providing a constant supply of
oil through the hollow connecting rod to the piston
pin bearings and the spray nozzle ot the top of
the connecting rod.

A helically-grooved steel-backed bronze bushing
is pressed into each side of the upper end of the
connecting rod, for the piston pin. A cavity of
approximately 3/16" between the inner ends of
these bushings, in line with the oil passage in the
connecting rod, forms a duct around the piston pin
whereby the piston pin bushings are lubricated
and oil also is forced to the spray nozzle for piston
cooling. The piston pin floats in the bushings of
both the piston and the connecting rod.

€. Service

The piston and connecting rod are so closely asso-
ciated from a service standpoint that one connot
be entirely separated from the other; the two will,
therefore, be treated collectively in the following
discussion on pistons and connecting rods.

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 RCD,” also, in
"DISASSEMBLY OF ENGINE” and "ASSEMBLY OF
ENGINE” in this Section.

A certain amount of inspection o determine the
condition of the pistons and the piston rings con
be made by removing the hand-hole covers from
the sides of the engine block and directing a strong
light through the air ports in the cylinder liners.
Scored liners may be detected in this manner with
the piston at the bottom of its stroke and the air
inlet ports uncovered; the pistons may be inspected
for score marks or for worn, stuck, or broken rings

as each piston is moved upwaord, The presence of
the original fool marks on the piston ring surfaces
indicates negligible wear.

The upper part of the piston (above the upper
compression ring) is not tin ploted and does not
touch the cylinder wall. f this part of the piston
shows any coating of hard carbon, the rings must
be removed and the piston surface, as well as the
ting grooves, thoroughly cleaned. The piston head
should be absclutely clean on the cufside. A thick
coating of carbon indicates failure of the cooling
oil supply and necessitates the cleaning of the oil
passages and of the spray nozzle in the connecting

rod.

D. Removal of Connecting Rod and Rings
from Pistons

1. Using a pair of small nose pliers, remove the
lock ring ot each end of the piston pin.

2. Tap the piston on a wood block and remove
the cop and piston pin through the open
piston pin hole. If the steel cap lodges in
the groove for the lock ring, # may be
readily removed with o rubber suction cup
such as is used for lapping valves.

3. To avoid breaking the piston rings, the use
of a ring remover tool is advised when re-

moving or installing piston rings. Care must
be taken not to overstress the piston rings

by spreading the ends more than is neces-
sary to remove the rings from the piston.
Before removing the rings from the pistons,
they should be inspected for wear and for
the amount of side clearance in the grooves.
However, their remaval will be necessary in
most cases in order to clean the carbon from
the grooves.

E. Piston and Piston Ring Inspeciion

As gummy deposits are not alweays easily removed
from the piston walls and ring grooves with fuel,
these parts may be cleaned by using a solvent and
then blowing off with dry compressed air. After
cleaning, the piston skirt, the piston rings, and the
ring grooves, should be thoroughly inspected.

The coating on the skirt of the tin plated piston is
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thin and the presence of this coating will, there-
fore, indicate the absence of wear. If, however,
the thin coating is worn off in spots, o careful
examination should be made for score marks or
other indications of improper piston clearance. A
badly scored piston should be discarded.

Examine the inside of the piston for cracks across
the struts or ribs. Such cracks make the piston unfit
for further use.

Check the piston for wear by inserting the piston
in the cylinder liner and measuring the clearance
between piston and the cylinder liner. The stundard
clearance is from 004" to .00727. The piston skirt
diometer of a new piston is 4.2433” to 4.2455";
the inside diameter of a new cylinder liner is
4.24957 1o 4.2505”, Deviations from these -meas-
vrements will indicate the amount of wear on the
piston or cylinder liner. The piston or the cylinder
liner, or both, must be replaced if the clearance
exceads 0107,

CONNECTING ROD

New piston rings should always be used with new
pistons; furthermore, 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.

The piston pin bushings in the piston are not serv-
iced. A maximum clearance of 010" between the
piston pin and the bushings is allowable. if they
are worn beyond this limit, the piston will, in
practically oll cases, also be worn beyond the
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limits and require replacement. New pistons include
these bushings already installed and reamed to
the proper size.

F. Inspection of Connecting Rod Assembly

After washing the connecting rod assembly in clean
solvent or fuel, the bushings at the upper end, oil
pussages, spray nozzle, etc., should be examined.

1. Measure the outside diameter of the piston
pin to determine the wear. The standard

dimension for the piston pin diameter is
1.4996" 1o 1.5007,

2. The standard inside diamefer of the bush-
ings in the connecfing rod is 1.5025" to
1.503". These dimensions of the pin and
bushings provide a clearance of .0025” to
.0034". Clearances up to .010” are per-
missible. If the wear is close to or beyond this
limit, replcice the connecting rod bushings
(see "REPLACEMENT AND REAMING OF
PISTON PIN BUSHINGS IN CONNECTING
ROD” in this Section).

3. Open the holes in the orifice at the lower
end, and the spray nozzle ot the upper end
of the connecting red and blow dry com-
pressed air through the oil passage in the
roc. IMPORTANT: BE SURE THAT ALL OIlL
PASSAGES ARE OPEN.

4. Inspect the connecting rod becring shells for
scoring, chipping, corrosion, cracking, or
signs of over-heating; discard the bearing
shells if any of these conditions are opparent.
The backs of the bearing shells should also
be inspected for bright spots and discarded
it uny bright spots are found, as this condi-
tion indicates that the bearing shells have
been moving in their supports.

5. Inspect the bearing shells for wear. The load
is on the upper half of the connecting rod
bearing shell; any wear, therefore, will show
only on the upper half. The inside diameter
of the bearing shells when installed in the
red is 2.752" to 2.753”. The thickness of
connecting rod bearing shells may be meas-
ured for wear in the some muanner as the
main bearing shells {refer to "CRANKSHAFT,



CRANKSHAFT PULLEY, FLYWHEEL, AND
MAIN BEARINGS” in this Section), Connect-
ing rod bearing shells that measure less than

153" at the center should be discarded and
new ones installed. Bearing shells 0027,

0107, 0207, and .030" undersize are avail-
able in the event that the crankshaft is worn
or has been damaged and must be reground.

G. Fitting Pistons with Liners

Measurements of the pistons and the cylinder liners
and running clearances between the pistons and
the cylinder liners should be faken af room tem-
perature (70° F.). IMPORTANT: PISTONS MUST
BE FITTED TO THEIR RESPECTIVE CYLINDER
LINERS TC PROVIDE A RUNNING CLEARANCE
OF NOT LESS THAN 004", Insufficient clearance
will result in premature failure of these parts.

Measure the cylinder liners as described in “CYL-
INDER LINER CLEANING AND INSPECTION in
this Section. The bore of the cylinder liners must
be round within .0015” and the pistons must also
be round within .001”. Measure each piston its
full length both crosswise and parallel with the pin.
Meosure each cylinder liner over its entire length
af corresponding points.

Use o .003" feeler ribbon 12 to 18" long to meas-
ure the clearance between the pistons and the
cylinder liners. The ribbon must be perfectly flat
and free of nicks or scrofches. Hold the feeler
ribban along the side of the cylinder liner wall,
then, with rod connected to the piston, insert’ the
piston into the cylinder liner {cylinder liner in-
stalled in the cylinder block). With o .004" clear-
ance between the piston and the cylinder liner, the
003" feeler ribbon can be withdrawn with a slight
pull, not to exceed 6 pounds (refer to Fig. 32).
Test the clearance at the ends of the piston pin
and at points 90° from the ends of the pin. If a
bind exists in one place only, turn the cylinder
liner $0° in the cylinder block and check the
clearance again; this sometimes eliminates the
binding. Also, inspect for slight burrs on the piston
or the cylinder liner if binding exists. Remove all
burrs with a honing stone or fine emery paper.

If, ofter removing any burrs, the piston still fails
to fit properly, wire brush the piston area .uni-

formly, below the ring lands, with o medium
bristle wire brush. Continue the brushing until the
specified clearance is obtained, Brushing the piston
in this manner will remove port of the material
with which the piston is coated,

Pistons and cylinder liners are available in stand-
ard size only.

H. Fitting Piston Rings

The gap between the ends of the piston rings
should be measured before the rings are installed
on the pistons, Select the rings that are to be used
on each pisfon ond insert them one at a time into
the cylinder liner in which they are to operate.
Use a piston to push the ring squarely into the
cylinder liner so that it is parallel with the cylinder
head. Push the ring. far enough down in the bore
of the cylinder liner to be on the travel area of the
cylinder liner when the pisfon is installed. Check
the ring gap with a feeler gage as shown in Fig. 33.

PISTON RING

Fig. 33 — Fitting Pistos Rings

The pistons in early model tractors are equipped
with two (2) “"Chromium Plated” compression rings
installed in the two (2) uppermost grooves and
two (2) “Tin Plated” compression rings in the other
grooves, The late model tractors are equipped with
four {4) "Chromium Plated” compression rings, one
{1} installed in each groove above the piston pin.
it is recommended when the engine is overhauled
theit four {4) “Chromium Plated” compression rings
be installed on each piston.
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The specified gap of the “Chromium Plated” com-
pression rings is .025” to .040”. CAUTION: The
“Chromium Plated” rings should never be filed to
open the gap because the plating might be loos-
ened by the file and later disiributed through the
engine causing damage, or might cause scoring of
the piston and the cylinder liner.

The compression ring-to-groove clearances (top of
ring to top of groove in piston) using « new piston
and new rings are as follows:

0107t 0125”7
008" to .0105"
006" to 008"

Top Ring
2nd Ring
3rd and 4th Ring

The oil control ring gap specification is 010" to
.020”. The oil control ring-ta-groove clearance
{top of ring to top of groove in piston) is .0015"
to .0055",

After the rings have been fitted for proper gap,
install them on the piston. The oil control rings are
the 3-piece type and must be installed in the two
lower grooves in the piston skirt in the position
shown in Fig. 30. The ring expanders must be in-
stalled first, then the rings, with the scraper edges
down and the chamfered edges toward the top of
the pistan, This is important to cantrol piston lubri-
cation properly. Stagger the ring gaps evenly
around the piston and apply oil fo the rings and
the pistons before installing them in the cylinder
liners.

IMPORTANT: When installing the rings on the
pistons, the rings should not be spread so that the
gop is opened beyond 1%”. Opening the gop be-
yond this imit might distort the ring and cause it
to take a set, contributing to ring breakage.

I. Replacement and Reaming of Piston Pin
Bushings in Connecting Rod

1. Remove the bushings from the connecting
rod with the driving bor and driver block
as shown in Fig. 34.

Install the new bushings, pressing one into
each side of the connecting rod, with outer
end of each bushing flush with the outer
edge of the rod and with the joints of the
bushings toward the top of rod. This will
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Rod Bushings

leave an oil space of approximately 3/16”
between the bushings.

After the bushings have been installed, they
must be reamed. The special reaming fixture
and reamer, shown in Fig. 35, must be used
to assure proper alignment of the piston with
the rod ond to obfain proper clearance of
the piston pin with the bushings.

Place the bore at the lower end of the
rod over the arbor on the fixture and
draw the bearing cap up tight.

cl.

Slide the fixture bushing into the rear
guide boss of the fixture, with the hollew
end facing the siot in the fixture for the
upper end of the connecting rod.

Rotfate the connecting rod into position
for reaming, so that the upper end of
the rad rests on the boss of the tool bed.

Install the reamer guide bushing on the
reamer. Insert the reamer into the front
guide boss and turn it clockwise with o
uniform motion. Do not crowd the ream-
er too hord as better results will be ob-
tained by moderate pressures when
turning.

After reaming, inspect the clearance be-
tween the cannecting rod bushings and
the piston pin. If the bushings have been
properly reamed, the clearance between
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L. Fig. 35 — Piston Pin Bushing Reaming Fixture |

the piston pin ond the bushings will be
00257,

J. Assembie Connecting Rods and Pistons

1. Install one of the piston pin retoiners and o
retainer lock ring in one end of the piston
pin hole in the piston.
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2. Insert the upper end of the connecting rod

into the piston. lubricate the piston pin with
engine oil and insert the piston pin info
position in the piston and the connecting
rod. The piston pin will slip easily into place
without forcing if it has been correctly firted,

Install the other piston pin refainer and the
retainer lock ring at the opposite end of the
piston pin.

IMPORTANT: Install the piston pin retainer
lock rings so that the offset in the tips of the
rings will bear against the retainers. This
is necessary to keep the refainers from turn-
ing and olso to hold the retainers tightly in
position, thus, preventing oif returning from
the sprayed piston head and fhrough the
grooves in the pisfon bushings from reoching
the cylinder walls,



7. CAMSHAFT AND BALANCE SHAFT

BALANCE SHAFT NUT
BALANCE S5HAFT GEAR
REAR BALANCE WEIGHT

REAR END
BEARING

- Jm\m i

LOCKWASHER
FRONT BALANCE WEIG
BALANCE SEFT THRUST WASHER 7

INTERMEDIATE
BEARING

BALANCE SHAFT NUT

REAR BALANCE WEIGHT
CAMSHAFT GEAR
REAR NUT RETAINER

CAMSHAFT NUT

A. Description

The camshaft is a one-piece drop forging, case-
hardened at the cams and journals, and is located
near the top of the eylinder block on the right hand
side. The balance shaft, located parallel to the
camshaft, and af the same distance from the erank-
shaft, is located on the left-hand side of the cylinder
block. A bearing assembly with copper-lead, steel
backed bushings at each end, and intermediate
bearings, between each set of cams, provide rigid
support of the camshaft. The balance shaft is sup-
ported in the same manner as the camshaft, except
that no intermediate bearings are used. Steel
backed bronze, replaceable type, thrust wushers
are used ot the thrust ends {front) of the shafis.

As will be seen from Fig. 34, the camshaft inter-
mediate bearings are fwo-piece and are held to-
gether by refaining rings. Each bearing assembly
is located and locked in position in the cylinder
block by o shouldered locking screw which is
installed into a counterbere at the top of the
cylinder block.

The cams are ground with parallel surfaces to
assure efficient quiet camshaft follower roller we-
tion. Heot-treatment provides hard, wear-resistant
cam lobes,

The function of the bulance shaft, as s name im-

BEARING RETAINING RING

Fig. 36 — Comshaft and Bolunce Shoft Detolls
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plies, is to counterbolance the rofatien of the
weighted camshaft and thus effect o stubilizing
uction upon oscillatory impulses set up within the
engine. Balance weights, at the front and rear ends
of both the camshaft and the balance shaft, are
designed to dampen out these forces.

In addition to the counterweighted gears at the
rear end, balance weights are used of the front
end of both the camshaft and the balonce shoft os
shown in Fig. 36. The balance weights are securely
fastened to the front ends of beth the camshaft
and the balance shaft by means of a “WOODRUFF?

key, nut, and lockwasher.
B. Lubrication

Lubrication is supplied to the camshaft and the
bolance shaft end bearings from four vertical off
passages in the cylinder block which are in line
with the main oil gallery. The camshaft interme-
diate beorings are lubricated by cil from the
drilled camshaft.

£. Service

If service on the camshaft gear or the balance shaft
gear necessitutes removal of the gears from the
shafts, the work can best be performed by first
removing the shafis from the engine.



B, Removal and Installation of Camshaft
and Balance Shaft Assemblies

Removal of either shaft requires the removal of the
engine from the tractor. The procedure given in
disassembly and assembly of the engine may be
used fo remove and install these assemblies with
the engine removed from the tracfor.

E. Removal of Parts from Camshaft and
Balance Shaft

Refer fo Fig. 36 showing the relative location of
the parts.

1. Remove the inner thrust washers from the
front ends of the shafts. Remove the cap;
screws ottaching the rear nut retainers to
the gears and remove the nut retainers, theg
remove the nuts from the gear ends of the
shafts. Using o suitable puller, or a press,
remove the gears from shafts, Remove the
"WOODRUFF’ key and the rear bearing
assembly from each shaft.

2. Remove the bearing retaining rings from the
camshaft intermediate bearings ond remove
the bearings.

F. Inspection of Camshaft and Bulance
Shaft Parts

After all the parts have been cleoned with solvent
or fuel and dried by air, inspect all the bearings
and shaft journals for wear, The eriginal diameter
of the bearing journals of the camshaoft and the
balance shaft is 1.4980" to 1.4985”. H the bearing
journals of the camshoft and the balance shaft are
found to be badly worn or scored making regrind-
ing necessary, the work should be done by «
reputable machine shop that has svitable equip-
ment to handle precision work of this type. Cam-
shatt and balance shoft end bearing assemblies
of 010" and 020" undersize and camshaft inter-
mediate bearings of .010” undersize are available.
i the camshaft or balance shaft end bearing jour-
‘nals are to be reground, the diameter of the end
journals should be reduced in steps of 010" or
020" below 1.4985" to fit the respective undersize
end bearing assemblies, If the camshaft intermedi-
ate bearing journals are to be reground, the

diameter of the intermediate journals should be
reduced fo .010” below 1.4985” to fit the .010”
undersize infermediate bearings.

Examine both faces of the cam and the balance
shaft bearing thrust washers and if either face §s
scored, replace the thrust washers. Exomine the
surfaces against which the thrust washers contact
and if the surfaces are scraiched, but not severely
scored, they may be smoothed with an oil stone.
However, score marks foo deep to be removed, or
parts badly worn, necessitate the use of new parts.

The specified clearance of the camshoft and bal-
ance shaft journals with the end bearings is .0015”
to .003” and should not exceed .006". The specified
clearance of the comshaft journals with the cam-
shaft intermediate bearings is .0025” to 004" and
should nof exceed .009”. If the clearonce is not
within the above specifications, refer to informa-
tion above concerning regrinding of the camshaft
and balance shaft journals and the installation of
undersize bearings. The end play of the cam and
balonce shafts should not be less than .004” and
should not exceed 018",

Examine the cam surfaces of the camshaft for wear
or scoring. A shaft with scored cams should not be
reinstalled. Allowable backlash between the driv-
ing geats is 003" to .008". Replace worn or dam-
aged driving gears (refer to “GEAR TRAIN" in this
Section).

Oil is fed through the drilled camshaft to its inter-
mediate bearings; therefore, all oil holes should
be examined and any sludge accumulations which
might restrict the oil flow should be removed.

G, Installation of Parts on the Camshaft
und Balance Shaft

Assembly at this time will consist of installing the
gears and the bedring assemblies on the rear end
of both shafts, installing the intermediafe bearings
on the camshaft, and installing the shoffs in the
cylinder block. The remaining parts will be assem-
bled as the engine is assembled (refer to “ASSEM-
BLY OF ENGINE” in this Section).

Weights are attached to the comshaft and the
balance shaft gears for balancing purposes. Before
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installing the geurs, make certain that the weights
are atached to the gears.

The teeth of the gear to be instolled on the camshaft
form a left-hand helix and the teeth of the gear
to be installed on the balance shaft form o right-
hand helix. Refer to Fig. 36 and install the parts
as follows:

1. Lubricate the two {2} rear end bearing as-
semblies with oil and slip one on the rear
end of each shaft {ends of the shofts that
have no thrust shoulders), so that the flanged
end of the beoring assemblies will face the
gears when installed. Install o “WOODRUFF”
key in the slot of each shaft and press the
gears on the shafts, with the flat finished
face of the gears away from the end
bearings.

After the gears are installed on the shafts,
screw the shatt nuts on the reor ends of shaft
and against the gears. The shaft nuts are to
be tightened and the nut retainers are to be
installed later when the shofts are installed
in the engine.

Lubricate the camshaft intermediate bearings
with engine oil and install the bearings in
position on the camshaft intermediate bear-
ing journals. Install the intermediate bearing
refaining rings in the grooves of the bearings.

NOTE: Tractors having Engines Serial No. 4A-
19529 and above have the late type cylinder block
in which individual compression gaskets are used
instead of the laminated one-piece type com-
pression gasket which was used on engines prior
to this serial number.

The late type cylinder blocks are approximately
1716 higher than the early fype cylinder blocks,
in order to compensate for the thickness of the
gasket which was used with the early type cylinder
blocks, As o result of heightening the late type
cylinder block, the camshaft bearing bores are
1/16” lower in relation to the top surface of the
cylinder block; thus, the use of longer camshaft
intermediate bearing locking screws is required in
the late type cylinder blocks.

The camshaft intermediate bearings used at the
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upper position in the late type cylinder blocks have
o hole for each bearing locking screw drilled all
the woy through the bearing, whereas, the hole
for each locking screw in the intermediate bearings
vsed in the early type cylinder blocks is drilled only
partially through the bearing. The threaded por-
tion of the late type infermediate bearing locking
screws, as well as the tip, are longer thon the
locking screws vsed in the early type cylinder

blocks.

As the late type camshaft intermediate bearings
used in the upper position in the late type cylinder
blocks are drilled all the way through and the
early type intermediate bearings were not, the
early type bearings cannot be used in the upper
position in the late type cylinder blocks, as the
new locking screws would bottom in the early type
betrings and would not allow the locking screws
to clear the top surface of the cylinder block. I
the early type locking screws were used in the late
type cylinder block, the locking screws would not
provide sufficient engagement with the holes in the
late type intermediate bearings fo lock the bear-
ings securely.

Late type camshaft lower intermediate bearings
used with the late type intermediate upper bear-
ings, are simply the early type intermediate
bearings without o locking screw hole, and must
be used only in the lower position as o locking
screw is not used ot the lower posifion.

Summary:

1. The late type camshaft intermediate bear-
ings may be used in the early type cylinder
blocks provided they are installed in their
respective positions {upper in the upper, and
lower in the lower positions}, and that the
early type locking screws are used to lock
the upper bearings in place.

2. The early type camshaft intermediate bear-
ings may be used in the late type cylinder
blocks in the LOWER position QONLY,

3. The late type camshaft upper intermediate

bearings MUST NEVER be installed in the
LOWER position, as the lower position is that
which takes the load of the camshaft and the



oil film of the lower bearings would be dis-
rupted as o result of the locking screw holes
piercing the bearing contact surfaces.

H. Instaliation of Balance Shaft in

Cylinder Block

{Bolance Shaft Gear and Rear End Bearing As-
semhbled on Shaft)

1

Start the balance shaft, including the rear
end bearing and gear assembly, into pesition
in its bore at the rear of the eylinder block.
Push the shaft info position to the point where
the gear teeth are about to enguge, then
position the crankshoft, idler, and baloance
shaft gears so that the timing marks “R” are
adjocent as shown in Fig. 37, Push the
balance shaft gear into mesh,

Secure the balance shaft rear end bearing
to the cylinder block with three (3) lock-
washers and capscrews and tighten the cap-
screws to a torque of 35 to 40 lbs. . The
capscrews are caccessible through the web
of the balance shaft gear.

Apply grease to the steel side of one of the
thrust washers and place the washer in posi-
tion on the inner foce of the front end bear-
ing assembly; make certain that the steel
side of the thrust washer faces the front end
bearing assembly. Lubricate the front end
bearing assembly with engine oil and insert
it inte paosition in the cylinder block and an
to the halance shaft. Use care when insert-
ing the front end bearing assembly so that
the thrust washer will not be dislodged.
Secure the front end bearing assembly to
the cylinder block with three {3) capscrews
and lockwashers, Tighten the capscrews fo o
torque of 35 to 40 |bs, .

Apply grease to the steel side of the thrust
washer fo be used in the front position on
the balance shaft. Place the washer in posi-
tion on the outer face of the front end bear-
ing assembly. Make certain that the steel
side of the thrust washer faces the front end
bearing assembly.

Install the “WOQODRUFF” key in slot in the

front end of the balance shaft. Install the
front balance weight in position on the bal-
ance shoft. Place the lockwusher on the
balance shaft and start the balance shaft
nut, but do not tighten the nut at this time
as it will be tightened affer the installation
of the camshaft.

[, Instoilation of Comshaft in
Cylinder Block

{Camshaft Gear, Rear End Bearing, and Interme-
diate Bearings Assembled on Shaft)
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1.

Start the camshoft, including the gear assem-
bly, rear end bearing, and intermediate
bearings, into position ot the rear of the
cylinder block. Push the shaft into position
to the point where the gear teeth are about
to engage the balance shaft gear, then turn
the gear os necessary so that the “0"” timing
marks on the camshaft and the balance shaft
gears will match os shown in Fig. 37, and
push the camshaft geor into mesh.

Secure the camshaft rear end bearing to the
cylinder block with three (3) lockwashers and
capscrews and tighten the capscrews to o
torque of 35 to 40 lbs. ft. The capscrews are
accessible through the web of the comshaft
gear.

Turn the camshaft intermediate bearings so
that the locking screw holes in the bearings
align with the holes in the top of the cylinder
block. Install the locking screws and fighten
securely. IMPORTANT: Refer to the NOTE
in Step 3 of “INSTALLATION OF PARTS ON
THE CAMSHAFT AND BALANCE SHAFT” in
this Section and make cerfain that the correct
focking screws and the proper infermediate
bearings are installed.

Apply grease to the steel side of one of the
thrust washers and place the washer in posi-
tion on the inner face of the front end bear-
ing assembly; make certain that the steel side
of the thrust washer faces the front end
bearing assembly. lubricate the front end
bearing assembly with engine oil and insert
it into posltion in the cylinder block and onto



the camshaft. Use care when inserting the
front end bearing assembly so that the thrust
washer will not be dislodged. Secure the
front end bearing assembly to the cylinder
block with three (3) copscrews and lock-
washers. Tighten the capscrews to-a torque
of 35 to 45 [bs. ft.

5. Apply grease to the steel side of the thrust
washer to be used in the front position on
the camshaft. Place the washer in position
on the outer face of the end bearing assem-
bly. Make certain that the steel side of the
thrust washer faces the end bearing as-
sembly.

6. Install the "WOODRUFF” key in the slot in
the front end of the camshaft. Install the
front balance weight in position on the cam-
shaft. Place the lockwasher on the camshaft
and start the camshaft nut.

7. Wedge a block of wood between the bal-
ance weights as shown in Fig. 45, ond
tighten the nuts on both the camshaft and

the balance shaft to a torque of 300 to 325
Ibs. ft.

CAUTION: When tightening the nuts for the
balance weights and gears, DOUBLE CHECK
and MAKE SURE that the thrust washers are
in their proper position.

Check the end play of the balance shaft and
the camshaft by inserting a feeler gage be-
tween the thrust washer and the balance
weight, with the corresponding shaft pushed
to its forward position. The end play should
not be less than .004" and should not exceed
078" If the end play exceeds .018%, it is
recommended to install oversize thrust wash-
ers. Thrust washers of .010” oversize in
thickness are avaoilable for service; these
thrust washers are identified by a 10"
stamped on the steel back.

Wedge a clean cloth between the balance
shaft gear and the camshaft gear and tight-
en the nuts to o torgue of 300 to 325 lbs. f.
Install the recr nut retainers on the gears and
tighten the attaching capserews securely.

8. GEAR TRAIN

A, Description

Located ot the rear end of the engine 5 o com-
pletely enclosed train of five (5) helical geors
{19 helix angle), as shown in Fig. 37. A crankshaft
gear bolted fo the crankshaft flange drives the
camshoft and the bolonce shaft gears, as well as
the blower drive gear, through an idler gear
mounted between the crankshaft and the balance
shaft gear.

The camshaft geor and the balance shaft gear
mesh with each other ond run at the some speed
as the crankshaft, The gears are keyed to their
respective shafts, each geor being held securely
against a shoulder on the shaft by a retaining nut
and nut retainer,

The idler gear rotates on a double row tapered,
raller bearing and is mounted on o stationary idler
gsar hub assembly, located at the rear left side
of the engine. A “"dummy” hub is used to cover the
opening af the rear right side of the cylinder block
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IDLER GEA

Fig. 37 —Timing Morks and Gears




(opposite the idler gear hub location). The idler
gear bearing is lubricated through a hollow dowel,
communicating with the left rear vertical oil pas-
sage in the cylinder block. The blower drive gear,
in mesh with the camshaft gear, transmits power
to drive the blower, governor, water pump, and
the fuel pump.
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Fig. 38 —Idler Gear Details

B. Service

Whenever the flywheel housing is removed for in-
spection or repairs of the gear train, the idler gear
assembly should be removed and inspected.

The inner races, tapered rollers, and bearing re-
tainers of the bearings are assembled during manu-
facture to produce a non-separable inner race
assembly thereby preventing the rollers from fall-
ing out of place when installing or removing the
bearing. The bearing assembly alse contains o
selected spacer assembled between the inner races.
As the spacer is of a selected width for the particu-
lar bearing, the proper pre-load between the bear-
ing roces is obtained when the bearing is as-
sembled.

The idler gear, hub assembly, and roller bearing
are available as an assembly or the individual parts
can be obtained for service.

The gear train will run quietly if the gears and
bearings are in good condition. The specified back-
lash between the various mating gears in the train
is .003"” to .008"” on o new engine. If the gears or
the bearings have become worn, the backlash will
be increased and the gear train may become
noisy, or if the gear teeth become chipped or

burred from careless handling, the gear train will
be noisy.

When noisy conditions develop in the gear train,
it will be necessary to remove the engine and in-
spect the gears and the bearings. The entire gear
train is exposed when the combination flywheel
housing and gear train cover is removed from the
cylinder block.

C. Inspection and Disassembly of ldier
Gear, Hub, and Bearing Assembly

When the idler gear assembly has been removed
from the engine, the roller bearing should be re-
moved from the hub and the gear, all parts washed
in clean solvent, and inspected for wear before
they are reinstalled in the engine. All damaged or
worn parts must be replaced.

With the idler gear assembly removed from the
engine, proceed as follows:

1. Thoroughly wash the idler gear assembly in
clean solvent.

2. Press the hub assembly out of the inner races
of the bearing. IMPORTANT: When pressing
the hub assembly out of the inner races, use
a svitable press plate under the inner races
for support so that no load is imposed on the
bearing rollers.

3. Remove the two inner races and roller assem-
blies of the bearing and also the spacer used
between the inner races. Mark the inner
races so that they may be reinstalled in their
original location with respect to the outer
bearing race in the idler gear. The spacer
used between the inner races is not replace-
able due to it being specifically ground for
the inner races used with it.

4. Inspect the outer bearing race and if neces-
sary remove it from the idler gear. Unlock
and remove the capscrews and the capscrew
locks attaching the retainer to the gear and
remove the retainer.

5. Mark the outer race so that it may be re-
installed in the idler gear as originally with
respect to the inner races and the rollers.
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Position the idler gear in a press {with the
flat face of the .gear down), then using a
suitable round hardwood plug, or similar
plug, insert the plug in position in the outer
race and press the outer race from the gear.
If o press is not available, o suitable driver
may be used to drive the outer race from the
gear by inserting the drift into the notches
(push-out slots) in the shoulder of the gear.

Coat the parts with clean engine oil and
store them in o suitable place which will
protect them against damage from meisture
and dirt, until they are required for re-
assembly.

race in posifion on a press with suitahle
supports under the inner race to stop the
hub when it is pressed into the bearing.

d. Place the spacer in posifion on the inner
race in the gear, then insert the other
inner race and rollers in position in the
outer race.

e. Determine the position of the gap in the
spacer used between the inner races,
then start the hub in position (dowel pin
end down) so that the oil hole in the hub
is turned approximately 180° from the
gap in the spacer. Press the hub into
the inner races, simultaneously pressing

D. Assembly and Installation of idler Gear
Assembly and Flywheel Housing Spacer
Assembly

the hub and rotafing the gear (to seatthe
rollers properly between their races)
until the lower face of the hub contacts

Assembly of Idier Gear Roller Bear-
ing Info Idier Geaor

a. Thoroughly clean all parts and place
them on a clean paper on a work bench,
Separate the parts thot were marked for
identification when the parts were dis-
assembled so that they can be rein-
stalled in their same respective locations.

b. Place the idler gear (flat face of gear
up} on suitable supports in a press. Start
the outer race of the roller bearing
squarely into the bore of the idler gear.
Using a round plug, insert the plug
evenly info the outer race, and press the
outer race into the bore of the gear until
the race is firmly against the shoulder of
the gear. Remove the gear from the
press. If a press is ‘not available, the
race may be installed by driving it into
place with a hardwoed block or soff
hammer.

c. Place the idler gear on a bench (with
the shoulder side of gear up), select the
inner race and rollers which match with
the outer race on this side of the gear,
and place the inner race and rollers in
position in the outer race. Turn the gear
and inner race over {with inner race
down), and place the gear and inner
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the supports used under the inner roce
and the lower face of the hub is flush
with the inner race.

f. Remove the idler gear assembly from
the press. Place the bearing retainer in
position on the gear and install the
attaching capscrews and capscrew Jocks.
Tighten the capscrews to o torque of 24
to 29 lbs, ft. Lock the capscrews in posi-
tion by bending the ends of the locks
against the capscrew heads.

2. Preliminary Test of Idier Gear As-

sembly

Before the idler gear assembly is installed
on the engine, the idler gear bearings should
be checked to make certain that the idler
gear may be rotated on its roller bearings
without exceeding the maximum torque
specifications, and also to make certain that
the bearings are not foo loose allowing the
gear fo be moved in relation to the hub by
tilting, wobbling, or shaking the gear.

Test the idler gear assembly as follows:

a. Before installing the camshaft gear, bal-
ance shoft gear, and the oankshaft
gear, or with these gears removed from
the engine, install the idler gear assem-



bly in positian on the cylinder block.
Install the capscrew and plain washer in
the center of the idler gear hub and

tighten the capscrew to o torque of 80
to 90 lbs. f.

Lubricate the idler gear bearing with
clean engine oil and rotate the gear on
its bearings before subjecting the gear
assembly to the preliminary test. Tie one
end of a piece of %" lintless cord around
a ¥8” round piece of wood (or soft metal
stock) about 3% in length, place the
round piece of wood between two teeth
of the idler gear, then wrap the cord
around the outside diameter of the gear
several times. Position the loose end of
the cord so that it can be reached
through the opening in the flywheel
housing for the camshaft gear.

NOTE: The idler gear roller bearings can be
tested by either of fwo (2) methods. The fly-
wheel housing can be installed in position on
the cylinder block over the idler gear, or a
“FLAT" piece of 38" thickness steel plate, cut
to 47 x 47, and with three {3) 5/16” holes
drilled through the plate to muatch with the
bolt holes in the idler gear hub, may be in-
stolled on the rear of the idler gear hub
instead of installing the flywheel housing.

.

if the flywheel housing is to be used fo
test the idler gear bearings, install the
cylinder block spacer assembly (“dum-
my” hub) in position on the cylinder
block, opposite the location of the idler
gear hub. Install the capscrew and plain
washer in the center of the “dummy” hub
and tighten the capscrew to a torque of
80 to 90 lbs, ft. NOTE: This step is not
necessary if the 36" thickness steel plate
is used to test the bearings instead of
installing the flywheel housing.

Install the flywheel housing gosket in
position on the cylinder block and install
the flywheel housing. Install and tighten
the six {6) capscrews (three (3) on each
side) near the crankshaft. Install and
tighten two {2} bolts in the top of the fly-
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h.

wheel housing. Make certain that the
loose end of the cord on the idler gear
can be reached through the opening in
the flywheel housing for the camshaft
gear.

Install the six {6) drilled head capscrews
and the plain washers used to attach the
flywheel housing to the idler gear hub
and the "dummy” hub (three (3) cap-
screws in each). Tighten these capscrews
to a torque of 30 to 35 lbs. ft.

I the %" thickness steel plate is used
instead of the flywheel housing, install
the plate in position on the rear of the
idler gear -hub and install the three {3)
drilled head capscrews and ploin wash-
ers to attach the plate to the hub.
Tighten the capscrews fo o torque of 30
to 35 lbs. .

Make o loop in the loose end of the cord
on the idler gear and attach it to the
hook of an ordinary pull scale (fish
scale). Maintain a straight, steady pull
on the scale and read the figure on the
scale (in pounds) required to rotate the
idler gear on Hs bearings. NOTE: If
the flywheel housing is installed, hold the
scale when pulling on the cord so that
the cord does not rub against the hous-
ing; the specitied pull on the scale is ¥4
to 6% Ibs.

if the running friction of the idler gear
is within the above specifications, the
assembly is satisfuctory for use. If the
running friction of the idler gear is
above or below this range, the assembly
should be removed and the bearing in-
spected. Repluce the bearing assembly
if necessary.

After the preliminary test of the idler
gear has been made and the assembly
is found satisfactory, remove the fly-
wheel housing so that the other gears in
the gear train can be installed,

Install the idler gear s follows:



1. Position the balance shaft and the
camshaft gears so that the “0” tim-
ing marks align {refer to Fig. 37).

2. Position the “R” timing mark on the
crankshaft and the “R” timing mark
on the balance shaft gears so that
they will align with the two (2} “R”
timing marks on the idler gear (refer
te Fig. 37).

3. With these timing marks in alignment,
start the idler gear into mesh with
the crankshaft gear and the balance
shaft gear and simultoneously rotate
the gear hub, which is pressed into
the roller bearing inner race, so that
the hollow dowel pin af the inner
end of the idler gear hub nearly
registers with the cil hole in the cyl-
inder block end plate.

4. Install the idler gear in position,
aligning the hollow dowel pin with
the hole in the cylinder block end
plate. The hollow dowel pin in the
hub is used to conduct oil through
the end plate and into the idler gear
hub, where it flows through a drilled

passage to the idler gear roller
bedring.

5. After making sure that the idler gear
hub is tight against the cylinder
block end plote, secure the idler
gear assembly in ploce with the
plain washer and capscrew. Tighten

the capscrew to a torque of 80 to
90 lbs. fi.

6. Lubricate the idler gear und bearing
with clean engine oil.

i. After the assembly of the gear train has
been completed, install the flywheel
housing on the engine. Tighten the cap-
screws used to attach the flywheel hous-
ing to the idler gear hub and the “dum-
my” hub fo o torque of 30 to 35 Ibs. ft.
Install the lockwires through the cap-
screw heads to lock the capscrews in
position.

CAUTION: Special care must be taken
to protect the idler gear assembly
aguainst the entry of dirt. Keep the parts
clean before and during installation on
the engine.

9, REPAIR OF ENGINE WHILE INSTALLED

A, Generol

Repair or replacement of the crankshaft, camshoft
and bearings, balance shaft and becrings, timing
gears, and the rear crankshaft oil seal requires the
remeval of the engine from the tractor. Practically
all other parts can be removed and new parts
installed with the engine in the tractor. IMPOR-
TANT. IT IS UNWISE TO REPLACE THE CYLINDER
LINERS, PISTONS AND CONNECTING RODS, OR
THE MAIN AND CONNECTING ROD BEARINGS
WITHOUT REMOVING THE ENGINE AND TAKING
IT INTO A CLEAN SHOP WHERE IT CAN BE DIS-
ASSEMBLED AND  ALL PARTS THOROUGHLY
CLEANED AND INSPECTED BEFORF NEW PARTS
ARE INSTALLED, THERE ARE SEVERAL REASONS
WHY THIS SHOULD NOT BE DONF IN THE OPEN,
NAMELY:

1. K is impossible to keep the engine and parts
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clean and free from dust or foreign moterial
if the repair work is performed in the open.

2. Failure of the purls needing replacement,

may be due to clogged or restricted oil pas-
sages or gritty substances in the engine. If
the ofl possages are not properly cleaned,
or if all abrasive material is not removed by
thorough cleaning, failure may again occur
within o short period of operation after the
new parts are installed.

If some parts have become worn or damaged
to the point where replacement of these parts
is required, it is only reasonable jo assume
that other parts may also be worn and, if
not replaced of the same time, will result in
further shut-down within a short time.

4. When new main and connecting rod bear-



ings are reguired, the idler gear beoring,
camshaft bearings, and balonce shoft bear-
ings must also be inspected at this time, and
if excessively worn, they must be replaced.

The oil pressure may remain low and the new
bearings or pistons and rings may not re-
ceive sufficient lubrication, if the camshaft
and the balunce shoft bearings are worn
close to, or beyond the allowable limits and
are not replaced.

The fallowing procedures describe the replacement
of the pistons and the connecting rods, and the
main and connecting rod becrings. These instruc-
tions are given to provide for emergency repairs
when it is impractical to move the tractor to a shop.

B. Replacement of Piston and Connecting
Rod

1. Remove the cylinder head (refer to “CYL-
INDER HEAD REMOVAL” in this Section).
Cover the cylinder head and the top of the
engine to prevent dust from blowing on the
exposed paris.

2. Remove the engine crankcase guard, then
drain the oil from the crankcase and remove
the oil pan.

3. Remove the oil pump from the engine block
{refer to “OIL PUMP REMOVAL,” 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 conneci-
ing rod assembly out through the top of the
cylinder block. Reassemble the bearing caps
on their respective connecting rods as they
are removed.

5. Inspect, disassemble, and reassemble the pis-
tons and connecting rods as required (refer
to “PISTONS AND CONNECTING RODSY
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
crankshoft will require reconditioning or
replacement.

10.

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 installed,

Install the oil pump assembly and the oil pan
(refer to “OIL PUMP INSTALLATION,” Sec-
tion V), Fill the engine crankcase to the
proper level with the specified oil.

install the cylinder head and the engine hood
(refer to "CYLINDER HEAD INSTALLATION"
in this Section).

Check the engine oil pressure immediately
after starting the engine and be sure that
the pressure is within the normal range be-
fore operating the tractor,

€. Replacement of Cranlcshaft Main
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Bearings

. Remove the engine air pre-cleaner, engine

hood, and the valve rocker cover.

Close the fuel tunk shut-off valve, and re-
move the fuel injectors (refer fo “INJECTOR
REMOVAL,” Section Il). Removal of the in-
jectors is necessary to relieve the compression
and allow free turning of the crankshaft.

Remove the engine crankcase guard. Drain
ihe oil from the crankcase and remove the
oil pan.

Remove the oil pump assembly from the en-
gine block {refer to "OIL PUMP REMOVAL,”
Section V).

Remove the main bearing caps one at o time
and install new bearing shells. Do not fully
tighten the bearing caps until all the bearing
shells have been installed. The lower bear-
ing shell can be removed from the bearing
cap after the cap is removed. Remove the
vpper bearing shell as follows:

a. Insert a %" x 17 capscrew, with o head
7/16” in diameter and with the head
ground down to a thickness of 1/16",
into the crankshaft main bearing oil
hole, then revolve the crankshaft in the



6.

8.

UPPER HALF OF
. MAIN BEARING SHELL

BEARING SHELL §
REMOVING TOOL

A

— Removing per Shell

direction that will turn the head of the
bolt against the end of the bearing shell
that hos no locking tang. Continue turn-
ing the crankshaft until the shell has
been pushed out of position as shown in
Fig. 39.

b. The upper half of the rear main bearing
shell must be rolled out of place by driv-
ing on the edge of the bearing shell with
a small curved rod as shown in Fig. 40,
while revolving the crankshafi,

Inspect the crankshaft and each bearing shell
as explained in “CRANKSHAFT, FLYWHEEL,
AND MAIN BEARINGS” in this Section. If
the crankshaft is unfit for use, it must be re-
conditioned or replaced before new bear-
ings are installed.

Install the vpper (grooved) half of each main
bearing shell as follows: Lubricate the bear-
ing shell and start the end of the bearing
shell {(having no tang) around the crankshaft
bearing journal, so that when the bearing
shell is in place, the tang will it into the
groove in the shell seat.

After the upper bearing shell has been in-
stalled, place the lower {non-grooved) bear-
ing shell in the bearing cap, lubricate with
clean engine oil, and install the bearing cap.
NOTE: The main bearing caps are marked
1, 2, 3, etc. Whenever the bearing caps are
removed, they must be reinstalled in their
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b Fig. 80 — Removing Reoar Main Beuring
Upper Shell

original positions and with the marked side
toward the blower side of cylinder block.

?. After all of the bearing shells have been
installed, tighten the bearing caps. Use o
torque indicating wrench and tighten the
bolts to o« torque of 180 to 190 Ibs. ft,
CAUTION: Do not overtighten the main
bearing bolts as the bearings will be dis-
torted out of round. If the bearings have
been installed properly, the crankshaft will
turn freely with all of the main bearing caps
tightened.

10. Install the oil pump, oil pan, and the crank-
case guard (refer to “OIL PUMP INSTALLA-
TION,” Section V). Fill the engine crankcase
to the proper level with the specified oil.

11. Install the fuel injectors and make the proper
adjustments os explained in “INJECTOR
TIMING” and “INJECTOR EQUALIZING,”
Section Il. Adjust the valve lash as explained
in “VALVE LASH ADJUSTMENT? in this
Section,



12. Install the valve rocker cover, engine hood
and the air pre-cleaner. Open the fuel tank
shut-off valve.

13. 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. ENGINE REMOVAL AND INSTALLATION

A suitable hoist, cable or chain and a sling spacing
bar, or equivalent equipment, will be needed to
lift the engine from the tractor.

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 the bolts and small parts removed
from the engine and the tractor.

It is recommended that the tractor, 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 engine air pre-cleaner, engine
hood, and the front fenders. Remove the
brake pedal pads, gear shift lever guide,
gear shift lever extension, and the floor
plate.

2. Drain the engine cooling system (refer to
“FILLING AND DRAINING OF SYSTEM,”
Section 1V). Remove the capscrews attaching
the water inlet elbow to the radiater and
loosen the hose clamps on the radiator out-
let hose.

3. Disconnect the headlight cable at the cable
connector located at the left front side of the

ENGINE LIFTING SLING

GENERATOR

ENGINE
FRONT
SUPPORT,

AIR CLEANER

ENGINE SHUT-OFF
ROD YOKE

ENGINE
;. TEMPERATURE <
GAGE TUBE 5/’7@

FUEL PRESSURE
GAGE TUBE

FIRST STAGE
FUEL FILTER

gé‘:i
OIL PRESSURE
GAGE _TUBE




10.

11.

12,

radiator. Remove the capscrews attaching
the headlight cable clips to the left front and
the top of the radiator.

Using o suitable chain, cable, or rope to
lift the radiator and shell assembly, remove
the two (2) bolts attaching each lower corner
of the radiator shell to the main frame, Raise
the radiator and shell assembly slightly and
move it forward to clear the engine fan, and
remove the radiator and shell assembly from
the main frame.

Remove the capscrew attaching the battery
ground to the top of the steering clutch
housing. Tape the end of the ground cable
to prevent a ground when disconnecting
other electric cables. Close the fuel tank shut-
off valve, located at the front side of the
fuel tank.

Disconnect the wiring harness from the
starter and the generator. Remove the cap-
screw attaching the cable clip to the left rear
engine supporting bracket.

Disconnect the fuel supply line at the sealastic
union located at the left rear corner of the
engine.

Disconnect the engine primer line from the
primer pump. Loosen the hose clamps on the
air cleaner hose and free the hose of the air
cleaner body.

Disconnect the fuel pressure gage tube and
the engine oil pressure gage tube at the
sealastic unions, located at the rear of the
engine,

Disconnect the fuel return line at the sealastic
union, located at the lower right side of the
engine flywheel housing.

Disconnect the front end of the engine tem-
perature gage tube from the rear of the
engine water outlet manifold.

Remove the yoke pin connecting the starter
operating rod to the starter lever. Remove
the yoke pin connecting the engine shut-off
rear rod to the engine shut-off lever, located
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on the rear of the engine. Remove the yoke
pin connecting the throttle operating rear
rod to the lever located on the rear of the
engine.

13. Remove the yoke pin connecting the front
end of the transmission shifting lock plunger
rod (left rod) to the engine clutch shifting
yoke shaft lever. Remove the cotter pin from
the front end of the transmission shifting lock
plunger rod (right rod) and disconnect it
from the shifting lock lever at the right side
of the engine clutch housing.

14. Remove the yoke pin connecting the front
end of the engine clutch operating lever
control rod to the engine clutch shifting yoke
shaft lever. NOTE: It is not necessary to
remove the capscrews aftaching the Front
yoke fo transmission universal joint assembly
as the front yoke will slip off the rear end
of the clutch shaft as the engine is moved
forward for engine removal.

15. Remove the bolt attaching each end of the
engine front support to the brackets welded
to the main frame. Remove the two (2) bolts
attaching each engine supporting rear
bracket (one bracket on each side) to the
main frame.

16. The engine is now ready for removal from
the tractor. Using an engine lifting sling
assembly similar to the one shown in Fig. 47,
and with the proper lifting facility, raise the
engine enough so that the weight is off the
engine supports. Move the engine forward,
raise it as necessary until the clutch housing
is clear of the cowl, and raise and remove
it from the main frame. CAUTION: Use care
when removing the engine and make certain
that all the necessary wiring, tubing, linkage,
efc. is disconnected and that no parts are
smashed or domaged by careless handling.

B. Engine Installation

The installation of the engine is practically a re-
versal of the removal procedure, except that cer-
fain inspecfions and adjustments must be made
when installing.



Using an engine lifting sling similar fo the
one shown in Fig. 41, and with suitable hoist-
ing equipment, install the engine in position
in the main frame of the tractor. As the
engine is lowered and is moved fowards the
rear of the tractor, align the splined clutch
shaft with the front yoke of the transmission
universal joint assembly so that the front
yoke engages properly with the clufch shaft.
Install the attaching bolts in the engine front
and the rear supports and tighten the bolts
securely.

Connect the engine cluich operating lever
control rod to the engine clutch shifting yoke
shaft lever. Check the adjusiment of the
engine clutch linkage and of the engine
clutch and clutch brake (refer to "ENGINE
CLUTCH AND CLUTCH BRAKE,” Section X).

Connect the front end of the transmission
shifting lock plunger rod (left rod) fo the
engine clutch shifting yoke shaft lever. Con-
nect the front end of the transmission shifting
lock plunger rod (right rod} to the clutch
shaft lever located on the right side of the
engine clutch housing.

[nsert the starter operating rod into position
ond connect it to the starter lever. Connect
the engine shut-off rear rod to the engine
shut-off lever located on the rear of the
engine. Connect the throttle operating rear
rod fo its corresponding lever located on the
rear of the engine.

insert the end of the engine temperature
gage tube info position in the rear of the
engine water outlet manifold and tighten
the connecting nut. Position the air cleaner
hose on the air cleaner body and the air
inlet elbow and fighten the hose clamps.

Connect the fuel return line to the sealastic
union ot the lower right side of the engine
flywheel housing.

. Cennect the engine oil pressure gage tube
ond the fuel pressure gage tube to their
corresponding lines.

Connect the upper end of the engine primer
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12,

13.

14.

15

16.

17.

18.

line to the engine primer pump.

Connect the fuel supply line to the sealastic
union ot the left rear of the engine.

Connect the wiring harness to the starter
and the generator. Install the cable clip in
position at the left rear engine supporting
bracket and install the attaching capscrew.

Remove the tape from the end of the battery
ground cable and install the capscrew, lock-
washer, and internal teoth lockwasher used
to attach the cable to the steering clutch
housing. Install the internal tooth lockwasher
between the cable and the housing. Open
the fuel tank shut-off valve.

Using o suvitable chain, cable, or rope, lift
the radiator and shell assembly ond install
it in position on the main frame. Install ond
tighten the two (2) bolts atfaching each lower
corner of the radiator shell to the main
frame.

Connect the headlight cable at the cgble
connector located at the front side of the
radiator. Clip the headlight cable to the left
front side and top of radiator.

Make certain that the rodiator outlet hose
(lower hose) is properly positioned on the
radiator outlet elbow, and tighten the hose
clamps. Using o new gasket, install the radi-
ator inlet elbow in position on the radiator.

Fill the engine cooling system (refer to
"FILLING AND DRAINING OF SYSTEM,”
Section [V}

Check the adjustment of the engine control
linkage (refer to “ENGINE CONTROLS AND
GOVERNOR,” Section VI).

Check the exhaust valve lash (refer to
"VALVE LASH ADJUSTMENT” in this Sec-
tion}.

Time ond equalize the fuel injectors (refer
to “INJECTOR TIMING” and “INJECTOR
EQUALIZING,” Section ).



19.

20.

Fill the engine crankcase to the proper level
with the specified lubricant. If the engine has
been rebuilt, or o new engine has been
installed, remove the valve rocker cover and
pour opproximately 1 gallon of cil over the
racker arm assemblies and cylinder head
components when filling the crankcase. This
will assure initial lubrication of the vorious
components within the engine.

Loosen the vent screw in the top of the sec-
ond stage fuel filter. With the engine shut-
off control knob pulled back to the “STOP#
position, crank the engine with the starter
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22.

several times ond allow the second stage
filter to fill with fuel. Tighten the filter vent
screw when fuel emerges from around the
loosened vent screw.

Install the floor plate, brake pedal pads,
gear shift lever extension, geor shift lever
guide, front fenders, engine hood, and air
pre-cleaner,

If the engine hus been rebuilt, or if a new
engine has been installed, the engine should
be operated on a run-in-schedule as outlined
in “ASSEMBLY OF ENGINE” in this Section.



ISASSEMBLY OF ENGINE
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A, Removal of Accessories from Engine

Enough pans or boxes should be available so that
each of various components removed from the
engine can be placed in them and kept separated.
Keeping the components and their bolts separated
will make the installing easier and quicker.

The following procedure gives the most logical
sequence for the removal of the accessories, start-
ing at one side and working around the engine.
Refer to Figs. 41 and 42 when removing the
accessaories.

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 the muffler, generator and mounting
bracket, lubricating oil filter and filter base,
starter, and engine air box drain tube. Re-
move the air box handhole covers from the
side of the cylinder block.

2. Remove the jam nut and lockwasher attach-

ENGINE LIFTING SUNG G
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Fig. 42 — Right Side of Engine
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ing the engine clutch shifting sleeve bearing
lubricating tube to the engine clutch housing.
Push the end of the lubricating tube down
into the clutch housing.

Remove the capscrews attaching the engine
clutch housing to the engine flywheel hous-
ing. Support the clutch housing and move it
towards the rear until the clutch shaft has
moved free of the clutch shifting sleeve yoke
assembly, then remove it from the engine.

Remove the yoke pin connecting the fuel
shut-off rod to the governor fuel shut-off
lever. Remove the yoke pin connecting the
engine shut-off front rod to the engine shut-
off lever located at the rear of the engine.

Remove the air shut-off valve lever spring
and hook from the fuel manifold. Disconnect

the engine primer line from the elbow lo-
cated in the blower air inlet housing. Remove
the capscrews attaching the blower air in-
take housing to the blower and remove the
housing and the blower air inlet elbow in
one assembly. IMPORTANT: Cover the open-
ing in the blower housing after removing the
blower air intake housing.



With the obove occessories removed, the
engine cun be mounted on a stand similar
to the one shown in Fig. 43. With this stand,
the engine is held by o heavy mounting plate
provided with screw clamps to fasten to the
left side of the cylinder block. The engine
may be rotated on the stand for convenience
in assembly or disassembly.

Loocsen the tension on the fan belts and re-
move the three (3) capscrews attaching the
fan mounting bracket o the engine balance
weight cover, then remove the fan assembly
from the engine.

Remove the crankshaft pulley (refer to
“REMOVAL OF CRANKSHAFT PULLEY" in

this Section).

Remove the fan belt tightening idler assem-
bly with its mounting bracket.

10,

1T.

Fig. 43— Engine 5tand

Drain the engine lubricating oil. Loosen the
hose clamp on the water pump to oil cooler
seal. Remove the engine breathing pipe.
Remove the capscrews attaching the oil
cooler housing to the oil cooler adapter
assembly and remove the housing and the
cooler core. Remove the capscrews attaching
the il cooler adapter to the cylinder block
and remove the adapter.

Disconnect the throttle control rod, located
on the upper right side of the engine, and
remove the rod assembly. Do not disturb the
adjustment of the control rod.

Remove the valve rocker cover and ihe
governor control shaft housing cover. Dis-
connect the governor-to-injector confrol tube
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lever link from the injector tube lever. Dis-
connect the link from the governor differ-
ential lever and remove the link. Remove the
capscrews atiaching the governor conirol
shaft housing to the cylinder head and to the
governor weight housing. Pull the top of
the housing away from the engine and push
the lower end of the housing towards the
engine to disengage the fork and remove
the housing assembly.

12. Remove the water outlet manifeld and the
water by-pass fube,

13. Remove the two (2) capscrews used to attach
the water pump outlet packing flange to the
cylinder block. Loosen the hose clamp used
on the blower drive shaft cover seal. Remove
the oil level gage rod and the gage rod
tube. Remove the capscrews attaching the
blower to the cylinder block, then move the
blower assembly {including accessories) to-
wards the front, leaving the blower drive
shaft in position in the blower drive gear,
and remove the blower assembly.

14. Remove the capscrews ottaching the engine
clutch assembiy to the flywheel and remove
the clutch assembly and the driven plate.

B. Disassembly of Engine into
Sub-Assemblies

Refer to pertinent sections of this manual for de-
tailed information on the varicus engine sub-
assemblies. [f the engine is mounted on an engine
stand, turn the engine to the position most con-
venient for removal of the sub-assemblies.

1. Remove the cylinder head from the engine
block {refer to “CYLINDER HEAD REMOVAL"
in this Section).

2. Unlock and remove the holts attaching the
flywheel to the crankshaft, then screw two
(2} 7/16" N.C. capscrews into the two (2)
tapped holes in the flywheel and use them
as puller studs to force the flywheel from

the crankshaft hub.

3. Remove the crankcase oil pan.



4. Remove the bolts and capscrews atfaching
the flywheel housing to the cylinder block
rear end plate and to the cylinder block.
Unlack and remove the copscrews from the
inside of the flywheel compartment which
attaches the housing fo the idler gear hub
and the spacer (“dummy” hub). Tap and pry
the flywheel housing off the two (2) dowels
located on each side of the crankshoft and
remove the housing.
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Fig. 44 — Flywheel Housing

5. Remove the capscrews attaching the balance
weight cover to the cylinder block front end
plate and remove the cover, Refer to Fig. 45,
and remove the camshaft and the balance
shaft nuts and lockwashers retaining the
balance weights on the shafts. When remov-
ing the camshaft and the balance shaft nuts
from the shafts, the shafts may be held from
turning by “wedging” o block of wood be-
tween the halance weights. Pry the balonce
weight from the shafts by using fwo (2) heavy
screwdrivers or pry bars between the heads
of the front end bearing retaining capscrews
and the balance weights as shown in Fig. 46.
Remove the “WOODRUFF’ keys from the
shafts. Remove the front thrust washer from
each shaft,

WIRIDDEN BLOCK

TAMSHAFT BUT

CAMSHAFT

o =
Fig. 45 — Removing Camshaft and
Balance Shoff Nuis
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6. Remove the locking screws that hold the
camshaft intermediate bearings from turn-
ing. NOTE: A good practice to prevent loss
of these locking screws is fo insfall them in
similar tapped holes above the balance shaft
as they are removed from the camshaoff side.

7. After removing the camshaft intermediate
bearing locking screws, remove the three (3)
capscrews aftaching each rear end bearing
of the camshaft and the baolance shoft to the
rear of the cylinder block. To reach these
capscrews, insert a socket wrench through



10.

11.

12.

the holes in the webs of the camshaft and
halance shaft gears and turn the gears until
the holes align with the capscrews. Remove
the camshaft and the balunce shaft from the
cylinder block by pulling back on the gears.
The rear end bearings of both shafts and the
intermediate bearings on the camshaft will
remain on the shaft and be removed with the
shafts. Remove the front end bearings from
the front of the cylinder block after removing
the three (3) atfaching capscrews from each.

Remave the capscrew located in the center
of the idler gear hub and the flywheel
housing-to-cylinder block end plate spacer
{“dummy” hub} and remove the assemblies.

Remave the capscrews attaching the crank-
shaft gear to the crankshaft hub. Install two
(2} 3" N.F. capscrews in the tapped holes in
the crankshaft gear and push the gear off
the crankshaft.

Remove the capscrews attaching the crank-
shaft front cover and slide the front oil seal
spacer, front oil seal, and the cover assembly
off the crankshaft.

Disconnect each end of the oil pipe for the
blower drive support assembly. Remove the
cupscrews attaching the blower drive sup-
port assembly to the cylinder block rear end
plate and remove the support assembly and
the oil pipe.

Remove the capscrews attaching the cylinder
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13.

14.

15.

16.

17.

block rear end plate to the cylinder block
und remove the end plate. Remove the cap-
screws attaching the cylinder block front end
plate to the cylinder block and remove the
end plate.

Remove the oil pump {refer to “OIL PUMP
REMOVAL” Section V). Remove the oil
pressure regulator from the cylinder block.

Pull the cotter pins and remove the nuts from
each of the connecting rod bearing caps.
Remove each piston and connecting rod as-
sembly from the engine by pushing the
assembly out through the top of the cylinder.
Install each bearing cap on its respective
connecting rod as they are removed.

Remove all the main bearing caps and [ift
the cronkshaft from the cylinder block. i
necessary, remove the oil pump driving gear
and "WOODRUFF” key from the front end
of the crankshoft.

Remove the cylinder liners from the cylinder
block. Remove all the plugs from oil and
water passages so that the cylinder black
can be thoroughly cleaned. CAUTION: Note
the location of all plugs removed so that they
can be reinstolled in their original positions.

Wash and inspect oll parts, including the
cylinder block, refer to pertinent sections of
this manual for instructions on the disassem-
bly, cleaning, and the inspection of the
various sub-assemblies removed from the
engine,



12, ASSEMBLY OF ENGINE

A. General

Moke sure that all the parts are thoroughly cleaned
before they ore installed in the engine. Use new
gaskets where gaskets are required. It is not neces-
sary to cement gaskefs used to seal against water
ieaks; on the other hand, BOTH SIDES of gaskets
used to seal aguinst ofl or air leakage must be
coated with gasket cement.

Lubricate all bearings or bearing surfaces with
clean engine oil as the parts are assembled.

Before any parts are installed in the cylinder black,
be sure that all 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.

NOTE: In the following procedure, references will
be made to the “BLOWER" side of the cylinder
block. This side will be identified by the large open-
ing ot the center of the cylinder block, also, when
viewing the block from this side, the lefi end will
be the rear end of the block. Refer to the various
illustrations in this Section when assembling the
engine,

1. Turn the cylinder block upside down and
install the upper halves of the main bearing
shells in position in the crankshaft bearing
seats of the cylinder block. The upper bear-
ing shells have a continuous oil groove ex-
tending from parting line 1o parting line and
are marked “UPPER.” The tangs on the bear-
ing shells must engage in the corresponding
slots in the bearing seats. Install the upper-
halves of the two-piece thrust washers in
position on each side of the rear main
bearing.

2. Lubricate aoll the crankshaft main bearing
journals and lower the crankshaft into the
position in the cylinder block, with the fly-
wheel flange of the shaft toward the rear
end of the block.

3. Place the lower (non-grooved) halves of the
main bearing shells in position in the main
bearing <aps. Place the lower halves of
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the two piece thrust washers in position on
the dowels of the rear main bearing cap.
The bearing caps are numbered 1, 2, 3, etc.,
indicating their respective paositions. I[nstfall
the caps with the numbered side toward the
blower side of the cylinder block and install
the main bearing cap bolts and lockwashers.
Use a torque wrench and tighten the bolts
to a torque of 180 to 190 lbs. ft.

CAUTION: DO NOT OVERTIGHTEN THE
MAIN BEARING CAP BOLTS. If these balts
are overtightened, the bearing caps will be
distorted, causing the bearings to be drawn
tight against the crankshaft and premature
failure will result. The crankshoft should turn
freely after all the bolts are tightened. Never
file or shim u bearing cap to make the bear-
ing shell fit; install new bearing shells if the
fit on the crankshoft is unsatisfactory.

Install the crankshaft gear in position on the
rear end of the crankshaft and install and
tighten the attaching capscrews securely. In-
stall the engine clutch shoft front bearing
oiling wick assembly if it was removed for
replacement (refer to “REPLACEMENT OF
ENGINE CLUTCH SHAFT FRONT BEARING
OILING WICK” in Topic 5 of this Section).

. Turn the cylinder block on end, or lay it on

its side, for the installation of the cylinder
liners. On Tractors having Engine Serial No.
4A-19529 and above (having the late type
cylinder block as explained in “CYLINDER
BLOCK AND LINERS” in Topic 4 in this Sec-
tion}, moke certain that the cylinder liner
supporting inseris, used in the counterbores
of the cylinder block beneath the flange of
the liners, are clean, flal, and smooth so that
the liner supporting inserts rest perfecily in
the counterbores and will allow the cylinder
liners fo be inserted freely. NOTE: Cylinder
liner supporting inserts are not used in frac-
tors having engines prior to Serial No.
4A-19529. In these engines, the flange ot
the fop of the cylinder liners rest directly on
the flui surface of the counterbores in the
cylinder block.



6. Keeping the information in step 5 above in
mind, install the cylinder liner supporting
inserts in position in the counterbores of the
cylinder block if the cylinder block is of the
late type requiring the supporting inserts.
Install the cylinder liners in position in the
cylinder block, Measure the distance from
the top of each cylinder liner flange to the
top flat surface of the cylinder block. In
Tractors having the late type cylinder block
{requiring cylinder liner supporting inserfs),
the top surface of each cylinder liner flange
must be within .046" to .050" below the top
flat surface of the cylinder block.
in tractors having the early type cylinder
black {blocks not requiring cylinder liner
supporting inserts), the fop surface of each
cylinder liner flange must be .002" to 006"
above the top flat surface of the cylinder
block and the difference between any two
adjacent cylinder liners should not exceed
0027,

The dimensions given above must be held in
order to obtain proper sealing of the gasket
set (between the cylinder head and the cyl-
inder block) when the cylinder head is in-
stalled,

In tractors having the late type cylinder block
{requiring cylinder liner supporting inserts),
if the top surface of any cylinder liner flange
is not within ,046” to .050” below the top
flat surface of the cylinder block, the neces-
sary cylinder liner shims must be installed
between the bottom of the cylinder liner
flunge and the top of the cylinder liner sup-
porting insert. The cylinder liner shims are
cvailable in two sizes: 015" and 003"
thick.

In fractors having the early type cylinder
block (blocks not requiring cylinder liner
supporting inserts), if the top surface of any
cylinder liner flange is not 0027 to 006"
above the top flut surface of the cylinder
block, or the difference between any two
adjacent cylinder liners exceeds 0027, the
necessary cylinder liner shims must be in-
stalled between the bottom of the cylinder

liner flunge and the surface that the flange
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contacts in the cylinder block. The cylinder

liner shims are available in fwo sizes: .0015”
and 0037 thick.

CAUTION: When instolling cylinder liner
shims, make cerfain that the shims are smooth
ond eniirely free from burrs and wrinkles.

Instali the piston and connecting rod assem-
blies. The lower end of ecch rod, as well as
the bearing caps, are numbered 1, 2, 3, etc.,
an one side. These numbers identify the bear-
ing caps with the rods and show the particy-
lar cylinder with which each rod is used, The
connecting rods MUST be installed with the
numbered side of the rod towards the blower
side of the cylinder block.
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|rec, Fig. 47 — Use of Piston Ring Compressor Toof

a. Stagger the pisfon ring gaps evenly
around the piston, apply clean engine
oil to the pistons and rings. Install
piston ring compressor fool over the
lower end of the piston skirt, with flared
end of the compressor tool toward the
top of the piston. Turn the connecting
rod so that the identification mark on
the lower end of the rod is foward the
blower side of the cylinder block, Align
the lower end of the connecting rod with
the crankshaft hefore pushing the piston
into the cylinder. By tapping on the up-
per end of piston, with the wooden
handle of a hammer, drive the piston



9.

into the cylinder liner. Be sure that the
piston ring compressor fool is down tight
aguainst the top of the cylinder liner, so
that the piston rings cannot snap out of
the ring compressor before entering the
cylinder liner.

b. Llubricate and install the connecting rod
upper bearing shell {(bearing shell with
one short groove at each parting line)
in position in the connecting rod and
position the rod on the crankshaft
journal.

¢. Lubricate and install the connecting rod
lower bearing shell in position in the
bearing cap, with the tang of the shell
in the corresponding groove of the cap.
install the beoring cap and shell.

d. Use a torque wrench and tighten the
connecting rod nuts to a torque of 65
to 75 lbs. ft. and secure the nufs with
cotter pins. NOTE: Never file or shim
the bearing cops to make the bearings
fit; install new bearing shells if the it is
unsatisfactory. The crankshaft must furn
freely after all of the connecting rod nuts
have heen tightened.

e. Hold the cylinder liners in place while
turning the crankshaft. Since the cylinder
liners are o slip fit in the bores, the drag
of the piston rings on the cylinder liners
is sufficient to push the liners out of the
cylinder block.

Using gasket cement, cement a new cylinder
block end plate goasket to the front end of
the cylinder block and coat the outer surface
of the gusket with gasket cement. Install the
cylinder block frent end plate in position on
the cylinder block, making sure that both
surfaces are free of nicks or burrs. Attuch the
front end plate to the cylinder block using
two (2) " N.C. x 1%" capscrews and six (6)
%" N.C. x 1" capscrews; use lockwashers on
all the capscrews when installing. NOTE:
Before tightening the frani end plate cap-
screws, insert the camshaft front bearing into
position in the hole in the end plate and the
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10.

11.

cylinder block (on blower side of engine} fo
accurafely align the hole in the end plate
with the bore in the cylinder block. The holes
in the front end plate for the camshaft and
the balance shaft front end bearings are not
the same size. The hole for the comshoft
front end bearing is machined to 2.187”
diameter while the hole for the balance shaft
front end bearing is 2.250" in diameter. For
this reason, it is important that the camshaft
front end bearing be inserted in the camshaft
opening for alignment purposes.

Install the cylinder block rear end plate and
gasket in position on the rear of the cylinder
block in the same manner, with the hole in
the rear end plate for the blower drive sup-
port toward the blower side of the cylinder
block. Attach this plate to the cylinder block
with six (6) capscrews, the capscrews to be
installed in the holes just above and below
the idler gear hub and the spacer (“dummy”
hub) bores. Use the some method as ex-
plained in step 9 to align the holes in the
rear end plate with the camshaft ond the bal-
ance shoft rear end bearing bores in the
cylinder block.

Install the rear end bearings and the gears
in position on the camshaft and the balance
shaft as explained in “INSTALLATION OF
PARTS ON THE CAMSHAFT AND BALANCE
SHAFT” in this Section,

a. Start the balance shaft, with the rear
end bearing and balance shaft gear,
into position at the rear of the cylinder
block (in the left bore when viewed from
the rear of the engine). Secure the bal-
ance shoft rear end bearing to the cyl-
inder block with three (3) lockwashers
and capscrews; tighten the capscrews te
a torque of 35 to 45 |bs. ft. Apply grease
to the steel side of one of the thrusi
washers and place the thrust washer ir
position on the inner face of the from
end bearing to be installed on the fron
of the balance shaft. Make certain tha
the steel side of the thrust washer face:
the front end bearing. Lubricate the fron
end bearing with clean engine il anc



b.

d.

insert it into position in the cylinder block
and onto the balance shaft. Use care
when inserting the front end bearing so
thot the thrust washer will not be dis-
lodged. Secure the front end bearing to
the cylinder block with three (3} cap-
screws and lockwashers; tighten the cap-
screws to a torque of 35 to 45 lbs. ft.

Apply grease to the steel side of the
thrust washer to be used in the front
position on the balance shaft, then place
the thrust washer in position on the front
face of the front end bearing. Make cer-
tain that the steel side of the thrust
washer faces to the front end bearing.
Install the “WOODRUFF” key in position
in the slot in the front end of the balance
shaft, then install the balance weight on
the balance shafi. Install the lockwasher
on the balance shaft and start the shaft
nut. Do not tighten the nut at this time as
it will be tightened after the installation
of the camshaft.

Refer fo “INSTALLATION OF PARTS
OM THE CAMSHAFT AND BALANCE
SHAFT” in this Section and make certain
that the correct camshaft intermediate
bearings are installed on the camshaft.
Start the camshaft, with the rear end
bearing, intermediate bearings, and the
camshaft gear into position in the rear
of the cylinder block (in the right bore
when viewed from the rear of the en-
gine). Push the shoft into position fo the
point where the camshaft geor teeth are
about to engage with the balance shaft
gear, turn the gears as necessary so that
the “O¥ timing marks on the cam and
balance shaft gears will match as shown
in Fig. 37, then push the camshaft gear
into mesh. Secure the camshaft rear end
bearing to the engine block with three
(3} lockwashers and copscrews; tighten

the capscrews to a torque of 35 to 45
Ibs, ft.

Turn the camshaft intermediate bearings
so that the locking screw holes in the
bearings align with the holes in the top
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of the cylinder block, then install the
locking screws and fighten securely.
IMPORTANT: Refer to the NOTE: in Step
3 of "INSTALIATION OF PARTS ON
THE CAMSHAFT AND BALANCE
SHAFT" in this Section and make cerfain
thaf the correct locking screws and infer-
mediate bearings are installed in their
correct pasifian,

. Apply grease to the steel side of one

of the thrust washers and place the thrust
washer in position on the inner face of
the front end bearing to be installed on
the front of the camshaft. Make certain
that the steel side of the thrust washer
faces the front end bearing. Lubricate
the front end bearing with clean engine
oil and insert it into position in the cyl-
inder block and onto the camshaft. Use
care when inserting the front end bear-
ing so that the thrust washer will not be
dislodged. Secure the front end bearing
to the cylinder block with three (3} cap-
screws and lockwashers; tighten the cap-
screws to o torque of 35 to 45 lbs, ft.

. Apply grease to the steel side of the

thrust washer to be used in the front
position on the camshaft, then pluce the
washer in position on the front face of
the front end bedring. Make certoin that
the steel side of the thrust washer faces
the front end bearing. Install the
“WOODRUFF" key in position in the slot
in the front end of the camshaft, then
install the balance weight on the com-
shaft. Install the lockwasher on the cam-
shaft and start the shoft nut,

. Wedge a block of wood between the

balance weights as shown in Fig. 45, and
tighten the camshaft and the balance
shaft nuts to a torque of 300 to 325 |bs.
ft. CAUTION: When tightening the nuts
for the balance weights and gears,
DOUBLE CHECK and MAKE SURE that
the thrust washers are in their proper
position.

h. Check the end play of the balance shoft



and the camshaft by inserting o feeler
goge betwsen the front thrust washer
and the balance weight, with the shaft
pushed to its forward position. The end
play should not be less than .004” and
should not exceed .018”. Thrust washers
of .010” oversize in thickness are avail-
able for service,

i. Wedge a clean cloth between the bal-
ance shaft and the camshaft gears, then
tighten the shaft nuts 1o o torque of 300
and 325 lbs. ft. Install the rear nut re-
tainers in position on the gears and in-
stall and tighten the attaching capscrews
securely.

12. Install the idler gear assembly and the fly-
wheel housing-to-end plate spacer (“Dum-
my” hub) {refer to “GEAR TRAIN” Topic 8
in this Section}.

13. Cement a gasket to the rear face of the
attaching flange of the blower drive support
assembly and place the assembly in position
in the eylinder block rear end plate, meshing
the blower drive gear with the camshaft
gear. No timing of this gear is required,
Attach the drive support to the end plate
with two (2} capscrews and lockwashers used
in the inner holes of the support (side next
to cylinder block). CAUTION: Two {2) 3"
N.F. x 13/16" capscrews must be used af
this point as longer capscrews will strike the
camshaff gear.

14. Install the fiywheel housing os follows:

a. Install o new crankshaft rear oil seal in
position in the flywheel housing {the
sealing lip of the seal must face the en-
gine when the housing is installed).

b, Using gasket cement, cement the fly-
" whee! housing gasket to the cylinder
block rear end plate. Using an oil seal
exponder tool placed on the dowels in
the crankshaft as shown in Fig. 48 fo
expand the oil seal, lubricate the seal
and slide the flywheel housing on the
cronkshaft oand ogainst the cylinder

RANKSHAFT
REAR Qil SEAL
EXPANDER TQOL

FLYWHEEL
HOUSING ™ N

Fig. 48 — Instolling Flywheel Housing

block rear end plate. Remove the oil seal
expander tool and attach the flywheel
housing using the correct length ond size
of bolts and capscrews as shown in Fig,

44,

c. Using gosket cement, cement a gasket
to the flywheel housing ot the camshaft
and the balance shaft openings, and
install the flywheel housing covers.

d. Install the blower drive shaft snap ring
in pasition in the groove of the coupling
cam located in the blower drive gear (if
it was remaved), Install the gasket and
the star caver in position at the rear of
the blower drive gear.

15. Install the "WOODRUFF” key in position in
the slot in the crankshaft, next to the front
main bearing. Install the oil pump driving
gear in position on the front end of crank-
shaft, with the hub of the gear facing the
main bearing. Install the oil slinger, with the
dished outer diameter away from the gear.

16, Install the crankshaft front oil seal in posi-
tion in the crankshoft front cover (the sealing
lip of the seal should face the oil pump
driving gear when the cover is installed).



17.

18.

19.

20.

21.

22.

23.

Cement a new gasket to the crankshaft front
cover and install the cover in position on the
crankshaft ond onto the dowel pins in the
cylinder block, then lubricate the front oil
seal. Install the front oil seal spacer in posi-
tion on the crankshaft and through the oil
seal and against the oil slinger. Make certain
that the outside diameter of the oil seal
spacer is smooth where it contacts the oil
seal. Attach the crankshaft front cover with
lockwashers and capscrews, making certain
that the proper length capscrews are in-
stalled.

Install the crankshaft pulley, puiley retaining
washer, and the crankshaft capscrew.

Turn the engine upside down, and ofter
checking to be sure that cotter pins have
been installed in all the connecting rod nuts,
install the oil pressure regulator and the oil
pump assembly (refer to “OIL PRESSURE
REGULATOR” and “OIL PUMP INSTALLA-
TION,” Section V),

Instoll the crankcase oil pan, using a new
attaching gasket. install the oil pan hand-
hole cover, using o new gasket. Install and
tighten the oil pan drain plug.

Turn the engine right side up. Cement a new
gasket to the balance weight cover and in-
stall the cover. Attach the cover with the
capscrews and lockwashers removed at dis-
assembly,

Install the cylinder head (refer to “CYLINDER
HEAD INSTALLATION" in this Section).

Install the fuel injectors in the cylinder head
(refer to "INJECTOR INSTALLATION,” Sec-
tion ). Install the valve rocker arm assem-
blies if they were removed (refer to “EX-
HAUST VALVES AND OPERATING MECHA-
MNISM" in this Section).

Make certain that the confacting surfaces of
the fiywheel and the bolting flange of the
crankshaft are smooth and free of nicks or
burrs that would prevent the flywheel from
fitting up tight against the crankshaft flange.
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24,

25.

24.

27.

28.

29.

30.

31.

Install the fiywheel in position on the rear
of the crankshaft and install the six (6) drilled
head bolts. Due to one offset hole in the
flunge of the crankshaft and in the flywheel,
the flywheel can be located in only one posi-
tion. Tighten the fiywheel attaching bolts to
a torgque of 150 to 160 lbs. #. and install
the locking wire.

Install the engine clutch shaft front bearing #
{pilot bearing} in position in the flywheel if
it was removed,

Cement the two (2) oil cooler adapterdo-
cylinder block gaskets to the attaching pads
on the cylinder block. Attach the oil cooler
adapter to the cylinder block with the cap-
screws and lockwashers which were removed
when disassembling the engine. Cement q
new gasket to each side of the bolting flange
of the oil cacler core, coat the outer surfaces
of the gaskets with cement, then install the
cooler core in position in the cooler housing
and ottach the housing and the core to the
oil cooler adapter. Tighten the attaching
capscrews securely.

Install the engine blower (refer to “BLOWER
INSTALLATION,” Section (I},

Install the governor control shaft housing
assembly (refer to “"GOVERNOR INSTALLA.-
TION,” Section VI).

Using new gaskets, install the water mani-
fold and water by-pass tube assembly.

Install the fan, fan belt tightening idler, and
the fun and generator drive belts and adjust
the fan belts (refer to “FAN, FAN BELTS,
AND FAN BELT TIGHTENING IDLER,” Sec-
tion 1V).

If the engine is mounted on an engine st
it must now be removed in order ¢
the various parts on the left side
engine, g

ator drive belt (refer to “GENERATOR RE-
MOVAL AND INSTALLATION,” Section VII).




Install the starter in position on the flywheel
housing.

32. Install the lubricating oil filter, including the
filter base, and connect the oil lines. M-
PORTANT: New elementis should be installed
in the luhricating oil and the fuel filters when
overhauling the engine.

33. Install the engine oir box drain tube assem-
bly in position on the left side of the engine.

34. Install the engine clutch and the clutch hous-
ing (refer to “ENGINE CLUTCH AND
CLUTCH BRAKE,” Section X).

35. Instoll the throttle and engine shut-off con-
frol rods. Using new gaskets, install the
exhaust muffler.

36. Using new gaskets, install the handhole
covers on the cylinder block,

37. The engine may now be installed in the
tractor {refer to "ENGINE INSTALLATION"
in this Section).

B. Engine Run-in Schedule

After the installation of new cylinder kits or piston
rings, the engine must be run 1o allow rings to seat
and aveid the possibility of liner scoring and ex-
cessive oil consumption. When engines are first
started after the installation of cylinder kits 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 ofter it has been rebuilt,
inspect the engine crankcase oil level, fuel, and
the cooling system, and see that the air cleaner
has been properly serviced. Stort the engine and
allow it 1o run at ¥ throttle; see that all the gage
readings are normal.

The most important factor in running in a new
engine, or one which has just been rebuilt, is
OPERATING TEMPERATURE. The thermostat must
function properly fo maintain a normal operating
temperature of 160° to 185° F. Temperatures of
150° F. and below are conducive to the formation
of gum and sludge, both highly detrimental to
an engine,

The following run-in schedule is recommended:

V5 hour at half throttle
3 hours at two-thirds throttle
3 hours at full throtile

MNOTE: The engine clutch should be engaged dur-
ing the run-in period.

After the run-in, inspect the engine crankcase oil
level and all points of adjustment, making any
necessary corrections.

The tractor can then be put to work but should
be operated under light load for the next 24 hours.
After another examination and rechecking off of
the adjustments, the tractor is ready for full load.
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SECTION X —ENGINE CLUTCH AND CLUTCH BRAKE

Topic Title
Engine Clutch
Clutch Brake

.......

Topic No.

1. ENGINE CLUTCH

A. Description

The engine clutch is « single plate, dry clutch
having an over-center engaging action. A shifting
sleeve and bearing mechanism, carried on the
cluich shaft and connected by linkage to the
clutch actuating levers, is operated by the engine
clutch operating lever to enguge und disengoge
the clutch. An adjusting ring provides a means of
maintaining the necessary adjustment to compen-
sate for wear of the facing on the cluich driving
disc. NOTE: The fractor may be equipped with on
“"AUBURN" or a "ROCKFORD"” engine cluich.

A clutch brake ussembly, consisting of o stationary
lined plote, aftached to the clutch shifter bearing
carrier, and o plain broke disc bolted to the
clutch shaft, is provided for stopping the rotation
of the transmission gears for shifting., The clutch

brake is applied by pushing forward on the engine
clutch operating lever affer disengaging the
clutch. The clutch shifting sleeve, clutch shifting
bearing {throwout becaring), ond the clutch shaft
rear bearing require periodic lubrication.

The clutch back plate is bolted to the rear face
of the engine flywheel and carries most of the
clutch weight, thus adding to the flywheel effect.
The clutch driving disc assembly, which is splinad
to the clutch shaft, is engaged between the clutch
pressure plate and the rear fuce of the flywheel
when the clutch actuating levers are moved by
the actuating lever links, which are connected to
the cluich shifting sleeve assembly. The facings on
both sides of the driving disc are cemented fo
the disc.

When the clutch is disengaged, the friction between
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the clutch pressure plate, cluich driving disc, and
the flywhesl is relieved, and the clutch broke as-
sembly stops the rotation of the clutch driving disc
and the clutch shaft. The other components of the
clutch continue to turn with the engine flywheel
and the inner race of the clutch shifting bearing
furns with the clutch shifting sleeve.

The clutch shaft is supported by two (2) ball bear-
ings. The front end of the clutch shaft is supported
by the cluich shaft front bearing {pilot bearing)
installed in the counterbore of the engine flywheel;
the rear end of the clutch shaft is supported by
the clutch shaft rear bearing, installed in the rear
of the clutch housing. The clutch shaft is connected
to the transmission top shaft {input shaft) by a
vniversal joint assembly. By removal of the uni-
versal joint assembly, the engine cluich con be
removed without disturbing the engine or the
fransmission.

The engine clutch broke consists of o cluich brake
plate assembly and o brake disc. The clutch broke
plate assembly on the “"ROCKFORD" clutch is sta-
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tionary and is adjustable by means of a brake dise
adjusting ring; the cluich broke plate assembly on
the “AUBURN" clutch is attached to the shifting
sleeve yoke assembly with capscrews and is not
adjustable. The brake disc has no facings and is
bolted to and rotates with the clutch shaft, As the
engine clutch is disengaged, the clutch brake plate
assembly, mounted on the cluich shifting sleeve
assembly, is moved back and contacts the brake
disc, thus stopping the rotation of the cluich shaft.
The clutch brake is applied by pushing forward
on the clukch operatfing lever after disengaging
the engine clutch.

B. Clutch Service

Specified time intervals between clutch adjust-
ments can not be established due to variable oper-
ating conditions. Keep the clutch adjusted so that
a maximum pull of 50 pounds is required on the
clutch operating lever for its engugement {engine
stopped}. As the clutch wears, the puli on the
clutch operating lever diminishes. When the pull
on the lever diminishes to 30 pounds, an adjust-




ment is necessary. IMPORTANT: Do not operate
the tractor when the pull on this lever is less than
30 pounds.

Erequent adjustments may be an indication that
the facings on the driving disc are worn excessively
and the driving disc should be replaced. A new
driving disc assembly must be installed os the
facings are cemented to the driving disc and can-
not be serviced in the field.

IMPORTANT: SINCE MOST CLUTCH FAILURES ARE
THE RESULT OF IMPROPER MAINTENANCE, IT
1S VERY IMPORTANT THAT THE CLUTCH AND
CLUTCH BRAKE ARE KEPT PROPERLY ADJUSTED
AT ALL TIMES AND THAT THE CLUTCH COM-
PONENTS ARE LUBRICATED AS RECOMMENDED,
DO NOT SLiP THE CLUTCH EXCESSIVELY WHEN
ENGAGING.

€. Engine Cluich Adjustment

Attach a spring scale fo the engine cluich operating
lever {attach scale just below the lever hand grip)
and weigh the pull required to engage the clutch.
When the clutch is properly adjusted, a maximum
pull of 50 pounds is required on the engine clutch
operating lever for its engagement (engine
stopped). The clufch should engage with a distinct
over-canter snap.

As the clutch wears, the pull on the engine clutch
operating lever diminishes, When the pull on the

ENGINE CLUTCH
OPERATING LEVER

SPRING SCALE

Fig. 3 — Checking lever Pull o Engage
Engine Cluich

lever diminishes to 30 pounds, an adjustment is
necessary. CAUTION: Do nof operate the tractor
when the pull on this lever is less than 30 pounds.

D. To Adjust the “ROCKFORD” Clutch

1. Remove the clutch inspection plate from the
upper right side of the clutch housing.

Disengage the clutch and crank the engine
with the starter until the clutch adjusting lack
may be reached through the inspection hale.
Disengage the adjusting lock from the slot
in the clutch adjusting ring (refer to Fig. 1).
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3. Using a hammer and punch, or u short pry
bar, turn the clutch adjusting ring to tighten
or loosen the clutch as necessary. Turn the
clutch adjusiing ring clockwise to tighten or
counter-clockwise to loosen. Moving the
clutch adjusting ring 2 or 3 noiches is gen-
erally sufficient.

Lock the clukch adjusting ring in place by
engaging the adjusting lock into the nearest
slot in the adjusting ring. Atbach a spring
scale to the engine clutch operating lever
{just below lever hand grip} and weigh the
pull required to engage the clutch. When
the clutch is properly adjusted, o pull of 48
to 50 pounds is required on the operating
lever for its engagement.

After each adjusiment of the “ROCKFORD”
clutch, the adjusiment of the clutch brake
should be checked. The proper adjustment



of the clutch brake must be maintoined to
avoid gear clashing when shifting. The cluich
brake is properly adjusted when there is a
clearance of 1% between the clutch brake
plate facing and the clutch shaft brake disc
with the engine clutch engaged. Inspect the
clutch brake plate facing periodically and
replace the facing when badly worn, Check
and adjust the cluich broke as follows:

a. Engage the engine clutch and disengage
the brake adjusting lock.

Turn the “notched” brake adjusting ring
in or out uas necessary to obtain 13"
clearonce between the brake facing
and the clutch shaft brake disc (engine
clutch engaged).

Lock the broke adjusting ring in place
by engaging the brake adjusting lock
into the neorest slot in the brake ad-
justing ring.

6. Clean and install the clutch inspection plate
in position on the clutch housing.

E. Te Adjust the “AUBURN" Clutch

1. Remove the clutch inspection plate from the
upper right side of the clutch housing.

Disengage the clutich and crank the engine
with the starfer untll the adjusting ring lock-
ing screw can be reached through the in-
spection hole {refer fo Fig. 1).

Loosen the adjusting ring locking screw just
enough so that the adjusting ring con be
turned. CAUTION: DO NOT REMOVE THE
ADSUSTING RING LOCKING SCREW,

Tighten the clutch by turning the “notched”
adjusting ring with a screwdriver, or a short
pry bar, until the proper adjustment is ob-
tained. Moving the adjusting ring 1 or 2
notches is generally sufficient.

Tighten the adjusting ring locking screw
securely. Attach o spring scale to the engine
clutch operating lever (just below lever hand
grip) and weigh the pull required to engage
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the clutch. When the cluich is properly ad-
justed, o pull of 48 to 50 pounds is required
on the operafing lever for its engogement.

6. inspect the cluich broke plote facing and
replace the facing when badly worn.
7. Clean and install the clutch inspection plate

in position on the clutch housing.
F. Engine Clutch Linkage Adjusiment

The engine clutch operating lever rod should be
adjusted to provide o clearance of approximately
Ya” between the front of the engine clutch operating
lever (lever in its disengaged position) and the
floor plate.

Adjust the engine clutch operating lever rod by
turning the operating rod front yoke, to lengthen
or shorten the rod as necessary, to obtain 4%
clearance between the front of the engine clutch
operating lever and the floor plate.

G. Washing Engine Clutch

Over-lubrication of the clutch components may
cause the clutch facings to become coated with
grease. This will cause the clutch to slip even
though it is praperly adjusted. In this event, the
cluich must be washed,

1. Install the drain plug in the bottom of the
flywheel housing. Remove the engine clutch
inspection plate from the upper right side
of the engine clutch housing.

Pour cleaning selvent into the engine clutch
housing until the level is approximately 1i4”
below the clutch shaft. Install the clutch in-
spection plate and opergte the engine ot
low idle speed for approximately 5 minutes
with the clutch disengaged.

Stop the engine, remove the drain plug to
drain the solvent and if the solvent is ex-
cessively “oily,” repeat the washing process.
CAUTION: LUBRICATE THE CLUTCH SHIFT-
ING BEARING, SHIFTING SLEEVE, AND
THE CLUTCH SHAFT REAR BEARING THOR-
QUGHLY AFTER THE CLUTCH HAS BEEN
WASHED AND THE HOUSING DRAINED AS



THE LUBRICANT MAY HAVE BEEN WASHED
FROM THESE COMPONENTS DURING THE
WASHING PROCESS.

Operate the tractor with a light load in low
gear for a short period, until the clutch dries
to prevent slippage due to the presence of
solvent on the clutch parts.

H. Engine Clutch Removal

The engine clutch and engine clutch housing con
be removed from the tractor without removing the
cowl. The engine clufch may be removed from the
tractor as follows:

1. Remove the brake pedal pads, gear shift
lever guide, gear shiff lever, floor plate, and
the right front fender.

Remove the U-bolts connecting the drive
shoft universal joint assembly to the front
and rear yokes and remove the universal
joint assembly. Tape the journal needle bear-
ing assemblies to the universol joint assembly
to prevent loss.

WUTCH SHAFT
: REAR BEARING

. REAR BEARING
RETAINER

REAR YOKE

Fig. 5 — Drive Shofi Universal jom}
Assembly Location

3. Remove the six {6) copscrews attaching the
clutch shaft rear bearing retoiner to the
clutch housing and remove the clukch shoft
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| Fig. & — Remaoving Engine Clutch Shaft

and clutch shaft rear bearing retainer as
an assembly.

Remove the engine clutch inspection plate
fram the cluich housing. Remave the jam
nut from the clutch shifting bearing lubri-
cating tube {refer to Fig. 4). Push the oufer
end of the lubricating tube inta the clutch
housing.

Disconnect the front end of the cluich oper-
ating lever rod from the shifiing yoke shaft
lever by removing the yoke pin. Disconnect
the front ends of the two (2) transmission
shifting lock plunger rods from their cor-
responding levers, located at the sides of the
clutch housing. Remave the belt, nut, and
washer attaching the shifting lock lever to
the clutch shifting yoke right shaft, and re-
move the lever from the shaft. Remove the
brake pedal levers from the brake pedal
shafts,

Remove the coapscrews, attaching the engine
clutch housing fo the flywheel housing and
remove the engine clutch housing (refer to
Fig. 7). As the clutch housing is removed,
the clutch shifting yoke will disengage from
the shifting yoke sliding blocks and will be
removed with the clutch housing.
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Fig.
7. Remove the capscrews, attaching the engine
clutch to the engine flywheel, and remove
the engine clutch {refer to Fig. 8}. The clutch
driving disc can now be removed., CAUTION:
When removing the clutch assembly use care

and do not drop or dumage the clutch driv-
ing disc.

Fig. 7 — Removing Engine Cluteh Housing _

EMGIME CLUTCH

i. Disussembly of Engine Clutch

1. "ROCKFORD" Clutch

Refer to Fig. 11 and disassemble the clutch
as follows:
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Place the engine clutch assembly on a
clean work bench, with the pressure
plate side of the clutch downward.

Remove the broke disc retaining snap
ring and turn the brake adjusting ring
off the shifter bearing carrier.

Remove the four (4) pins cannecting the
actuating lever links fo the shifting sleeve
and remove the shifting sleeve and the
shifter bearing carrier as « unit. Remove
the capscrews aftaching the bearing re-
taining plate to the front of the shifter
bearing carrier. Using a soft hammer,
drive the shifter bearing carrier off the
clutch shifting sleeve ball bearing.

Remove the bedaring retaining snap ring




from the shifting sleeve and press the
shifting sleeve out of the bearing. Re-
move the bearing retaining plate from
the shifting sleeve.

Unlock the clutch adjusting ring and turn
the adjusting ring off the back plate.
Remove the adjusting ring plate from
the buck plate.

Remove the self locking nuts from the
four (4) retracting spring screws and
remove the pressure plate refracting
springs.

Remove the back plate from the pressure
plate. Remove the four (4} retructing
spring screws from the pressure plate.

Remove the copscrews ottaching the
broke disc to the clutch shaft and remove
the disc {refer to Fig. 10). Remove the
four (4) capscrews attaching the clutch
shaft rear bearing cap to the cluteh shaft
rear bearing retainer and remove the
bearing cop ond gosket.

Unlack the chutch shoft nut ond remove
the nut and the locking washer from the
cluich shaft.

Drive or press the clutch shoft out of
the rear bearing and remove the rear
bearing from the rear bearing retainer.

"AUBURN" Cluich

Refer to Fig. 12 and disassemble the clutch
as follows:

a. Place the engine clutch on o clean work

bench, with the pressure plate side of
the cluich downword, Remove the cap-
screws holding the pressure plote re-
tracting springs and remove the retroct-
ing springs. Remove the pressure plate
and pressure ring as a unif from the
clutch assembly.

Remove the capscrews, lockwashers, and
plain washers attaching the pressure
ring to the pressure plate. Remove the
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pressure ring from the pressure plate.
Remove the pressure springs, spring
cups, and insulating washers.

¢. Remove the pins connecting the actu-
ating lever links to the actuating levers.

d. Remove the adjusting ring locking screw
and the adjusting ring locking plate.
Remove the two (2) odjusting ring spacer
capscrews and adjusting ring spacers,
then remove the adjusting ring from the
back plate.

e. Remove the pins attoching the actuating
lever links to the shifting sle.sve.

f. Remove the capscrews attuching the
grease shield and the clutch broke plate
to the shifting sleeve yoke and remove
the shield and the brake plate.

9. Remove the capscrews attuching the
bearing retainer to the front of the shift-
ing sleeve yoke. Press the shifting sleeve
and the ball bearing out of the shifting
sleeve yoke.

h. Remove the snap ring from the shifting
sleeve and remove the bearing, bearing
retainer, and sealing ring.

i. Remove the front yoke from the rear
end of the clutch shaft. Remove the rear
bearing cap from the clutch shaft rear
bearing retainer {refer to Fig. 10). Un-
lock ¢ind remove the clutch shaft nut and
tocking washer. Drive or press the clutch
shaft out of the rear bearing and bear-
ing retainer,

i Remové the clutch shaft recr bearing
from the bearing retainer.

J. Engine Cluich Inspection and Repair

1.

Thoroughly wash dll cluich components and
inspect for worn or damaged paris.

Inspect the facings of the driving disc for
wear and looseness of the facings on the
disc. The specified thickness of the driving



disc when new is .458” to .486". Measure
the thickness of the clutch driving disc being
inspected and if it is worn fo o thickness of
approximately 2507, o new driving disc
must be installed. NOTE: The cluich facings
are cemented to the disc and therefore the
facings are not serviced separately, Check
the splines in the hub of the disc for wear.

Inspect the face of the pressure plate for
roughness, heat cracks, and warpage. if the
face of the pressure plete is in a rough con-
dition, it may be machined smooth; replace
the pressure plate if more than 1/16” stock
must be removed.

Inspect the actuating lever links, actuating
lever link pins, actuating levers, and shifting
sleeve for wear. Inspect the link pin holes in
the cluich shifting sleeve for wear. Inspect
the actuating levers for wear at the contact
points,

NOTE: When the actuating lever beams
{(“ROCKFORD"” clutch only) are worn at the

point where the acfuating levers contfuct the
actuating lever beams, the beams may be
turned 180° to provide o new wear point,
The acluating lever beams moy also be
turned over to provide two (2) additional
weor points. Check the actuating lever

beams for flatness and if the beams are
“dished” they should be replaced.

Inspect the bushings in the shiffing sleeve for
wear and roughness and replace the sleeve
if necessary,

Check the clutch back plate for cracks and
replace if cracks are evident.

Inspect the shiffing sleeve ball bearing for
wear and roughness. Replace the bearing if
it is worn excessively or if it does not turn
smoothly when rotated by hand.

Remove the two (2) shifting yoke sliding
blocks (refer to Fig. 9). Inspect the shifting
yoke needle bearings, needle bearing inner
races, dust seals, and the shifting yoke for

wear and damage and replace the necessary
parts,
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10.

11

12.

13.

Inspect the four (4) pressure plate retracting
springs for breckoge and replace if neces-
sary.

Inspect the face of the flywheel and make
certain the surface is flat and smooth, if the
face is scored and “heat checked” the fly-
wheel may be machined smooth; replace the
flywheel if more than 1/16” stock must be
removed.

Inspect the clutch shaft front bearing (pilot
bearing) for wear and lubrication. If the
bearing shows signs of improper lubrication,
install @ new oiling wick assembly, refer to
“REPLACEMENT OF ENGINE CLUTCH
SHAFT FRONT BEARING OILING WICK,”
in Topic 5, Section [X).

Inspect the clutch shaft rear bewring for
wedr and roughness. Replace the bearing if
it is worn excessively or if it does not turn
smoothly when rotated by hand.

Inspect the clutch shaft. If the shaft is ex-
cessively worn at the location of the clutch
shifting sleeve, or if the splines of the shaft
show excessive wear, the shaft must be

replaced.
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Fig. 10— Engine Clutch Shaft Details
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Inspect the lubricating tube for the clutch
shifting bearing and replace the tube if
necessary,

Inspect the clutch brake plate assembly. If
the brake plate facings are worn to the
extent that the rivet heads may score the
clutch brake disc, the facings must be re-
placed. Inspect the clutch brake disc for
weoar and scoring. Slight scoring or uneven
wear can be removed by machining, how-
ever, if the disc is worn or scored excessively,
replacement of the disc is necessary.

K. Assembly of Engine Cluich

1.

“ROCKFORD" Cluyich

Refer to Figs. 1 and 11 and assemble the
engine clutch by direct reversal of the dis-
assembly procedure, IMPORTANT: When in-
stalling the pins used to connect the actu-
ating lever to the adjusting ring plate, make
certain the pins fit tightly in the plate. If
the holes in the adjusting ring plate are
worn, the plate and pins should be replaced
with new parts, Affer the pins are installed
in the adjusting ring plafe, stake the plate
at the pin locotions so thaf the pins cannot
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work locse. When installing the pins used to
connect the actuating lever links, instail the
pins so thet the head of each pin is to the
left, with the pin located ot the top of
the clutch and when viewed from the rear.
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Fig. 12 —Engine Clutch Details " Avburn®}
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When installing the self locking nuts on the
retracting spring screws, tighten the nuts
against the retracting springs so that the
assembled length of each spring is 1-3/16"
{measured to bottom of recess in cluich back



plate). Pack the shifting yoke needle bear-
ings with grease when assembling the shift
ing yoke sliding blocks. Lubricate the clutch
shifting sleeve, shifting sleeve ball bearing,
and the clutch shoft rear bearing thoroughly
when ossembly of the clutch is completed.
Lubricate the clutch linkage sparingly when
assembling the clutch.

“AUBURN" Clutch

Refer to Figs. 1 and 12 and assemble the
engine cluich by direct reversal of the
disassembly procedure.

IMPORTANT: When assembling the pressure
ring to the pressure plute, position the pres-
sure ring so that the “XX” identificafion
marks on the pressure ring correspond with
the lug on the pressure plate that lines up
with the tapped hole used to secure the ring
to the plate. When insialiing the shiffing
sleeve ball bearing in position in the shifting
sleeve yoke, install the beoring so that the
shielded side of the bearing is toward the
rear. When installing the pins used to con-
nect the actuating levers and acfuating lever
links, make certain the pins are insfalled so
that the head of each pin is to the left, with
the pin located of the fap of the clutch and
when viewed from the rear. Lubricate the
clutch linkage sparingly when assembling
the clutch.

L. Inspection and Replucement of Cluich

1.

Shifting Yoke

With the engine clutch removed, place each
shifting yoke sliding block in pasition in the
clutch shifting yoke (refer ta Fig. 9). If there
is excessive looseness between the parts due
to wear, replacement of both the yoke and
the shifting voke sliding blocks is necessary.

2. Replace the cluich shifting yoke as follows:

o. Remove the two {2) capscrews, nuts, and
lockwashers clamping the clutch shifting
yoke to the shifting yoke shafts.

b. Spread the opening in each end of the
shifting yoke, using o broad face chisel
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or similar tool, to free the yoke on the

shofts.

¢. Pull the shifting yoke shafts out of the
yoke and remave the “WOODRUFF" key
from the inner end of each shaft.

d. Pull the shafts out of the shaft needle
bearings and inspect the bearings,
shafts, and dust seals for wear. Replace
the necessary paris.

e. Puck the shifting yoke shaft needle
bearings with grease. Start the shifting
yoke shafts into position in the clutch
housing. Install a “WOODRUFF” key in
position in the inner end of each shaft,
hold the shifting yoke in position, and
drive the shafts into position in the shifi-
ing yoke.

f. Install the capscrews, lockwashers, and
nuts used to clamp the shifting yoke to
each shoft and tighten the nuis securely.

M. instollation of Engine Cluich

1.

Make certain that the face of the flywheel
is clean. Place the cluich driving disc assem-
bly in position against the flywheel, making
certain the side of the driving disc having the
oil slinger is next fo the flywheel.

. Place the engine clutch assembly in position

on the flywheel. Start all the attuching cap-
screws, with lockwashers, and tighten the
capscrews evenly so thot the clutch back
plate enters the recess in the flywheel.
NOTE: The fractor may be equipped with
an "AUBURN" or o "ROCKFORD" engine
cluich. The "AUBURN" engine clutch is at-
tached fo the flywheel with %" NC x 112"
copscrews; the “ROCKFQRD” engine cluich
is attached to the flywheal with 14" NC x 27
capscrews. Make cerfain the proper length
capscrews are used when installing the an-
gine clutch.

Make certctin the needle bearings in the
shifting yoke sliding blocks are packed with
grease before installing the dutch housing.



Install two {2) %" NC x 6" guide studs in
the flywheel housing to align and to hold
the cluich housing when the clutch housing
is being installed. Start the engine clutch
housing in position on the guide studs. Start
the shifting yoke sliding blocks in position in
the clufch shifting yoke, then push the cluich
housing forward against the flywheel hous-
ing. Install and tighten the clutch housing
ottaching capscrews.

Turn the clutch adjusting ring counter-clock-
wise s necessary so that the cluich driving
disc is free. Install the clutch shaft assembly
{complete with its components) into the clutch
housing and the clutch. To install, insert the
front end of the clutch shaft through the
shiffing sleeve until the front end of the shaft
contacts the hub of the driving disc. Push in
on the shaft and turn as necessary to engage
the shaft splines with the splines in the hub
of the driving disc. Tap lightly on the rear
end of the shaft to drive the shaft into posi-
tien in the clutch shaft front bearing (pilot
bearing). Position the clutch shaft rear bear-
ing retainer so that the lubricating fitting is
to the top, then install the attaching cap-
screws to secure the rear bearing retainer
to the clutch housing.

Reaching through the clutch inspection plate
opening in the clutch housing, insert the end
of the lubricating tube for the clutch shifting
sleeve ball bearing into the hole in the clutch
housing. Install the lockwasher and jam nut
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10.

on the end of the lubricating tube to hold
the tube in position.

Install the transmission shifting lock lever in
position on the outer end of the clutch shift-
ing yoke right shaft and secure the lever to
the shaft with a capscrew, lockwasher, and
nut. Connect the front end of the trans-
mission shifting lock plunger rod fo this shift-
ing lock lever. Connect the front ends of the
cluteh operating lever rod ond the other
transmission shifting lock plunger rod to the
clutch shifting yoke shaft lever, located on
the outer end of the clutch shifting yoke
left shaft.

Install the universal joint front yoke in posi-
tion on the rear of the clutch shaft. Place
the universal joint assembly In position and
connect the assembly to the front and the
rear yokes using the attaching U-bolts, nuts,
and lockwashers,

Adjust the engine clutch and clutch broke
{refer to “"ENGINE CLUTCH ADJUSTMENT”
in this Section). Install the clutch inspection
plate,

Install the brake pedal levers, floor plate,
broke pedal pads, gear shift lever, gear
shift lever guide, and the right front fender.

Make certain the cluich and clutch shoft
components are lubricated thoroughly be-
fore the tractor is operated.



2, ENGINE CLUTCH BRAKE

A, Description

The engine clutch brake is designed to stop the
rotation of the engine clutch shaft when the engine
clutch is disengaged; stopping the rotation of the
clutch shaft permits easier shifting of the trans-
mission gears. The engine clutch brake is applied
by pushing forward on the engine clutch operating
lever after the clutch has been disengaged.

The engine clutch brake plate is attached to the
rear of the engine clutch shifting bearing assembly.
This brake plate has o friction material facing that
confacts the clufch brake disc (attached to the
flunge on the clutch shoft) when the broke is
applied.

The brake assembly of the "ROCKFORD” clutch
can be adjusted by means of o brake adjusting
ring which carries the clutch brake plate assembly.
The braoke assembly of the “AUBURN" clutch is
not adjustable.

B. Service, Inspection, and Repair

Keep the clutch operating lever rod properly ad-
justed to pravide a clearance of % between the
front of the clutch operating lever (lever in its
disengaged position} and the floor plate. If the rod
is not adjusted properly, the front of the clutch
operating lever, when in the disengaged position,
will strike the floor plate and will not allow the
clutch brake plate to move back far enough to
contact the clutch brake disc. Keep the clutch brake
properly adjusted (refer to “ENGINE CLUTCH
ADJUSTMENT" in this Secfion).

In event that the clutch brake does not function
properly when shifting gears, remove the cluich
inspection plate from the clutch housing and inspect
the clutch brake assembly. Whenever the facings
on the clutch brake plate are worn down to the
rivet heads, the facings must be replaced. Inspect
the brake disc for wear and scoring; slight scoring
or uneven wear can be removed by machining,
however, if the disc is worn or scored excessively,
it must be replaced.
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€. Removal of Engine Cluich Brake

1. Remove the broke pedal pads, gear shiff
lever guide, gear shift lever, floor plate,
and the right front fender.

Remove the U-bolts cannecting the universal
joint assembly to the rear yoke. Raise the
rear end of the universal joint assembly, pull
back on the universal joint assembly until
the front yoke is free of the clutch shaft,
and remove the assembly. Tape the needle
bearings to the universal joint assembly to
prevent loss.

Engage the engine clutch. Remove the cap-
screws ottaching the clutch shaft rear bear-
ing retainer to the clukch housing and pry
out on the clutch shaft rear bearing retainer
until it is free of the clutch housing. Pull back
on the clufch shaft (complete with its com-
ponents} and remove the assembly from the
housing.

The clutch brake plate of the “ROCKFORD”
clutch may now be removed from the shift-
ing sleeve bearing carrier by removing the
snap ring. The “AUBURN" clutch brake plate
is attached to the shifting sleeve yoke with
six (6) capscrews; remove the capscrews to
remove the plate. Remove the capscrews
attaching the brake disc to the clutch shaft
and remove the broke disc.

D. installation of Engine Clutch Brake

The clutch brake moy be installed by direct reversal
of the removal procedure. When installing the
clutch shaft assembly and universal joint assembly,
refer to “INSTALLATION OF ENGINE CLUTCH” in
this Section. After installation of the cluich brake
assembly is complete, adjust the clutch brake
{refer to "ENGINE CLUTCH ADJUSTMENT” in
this Section).



SECTION Xi—TRANSMISSION AND BEVEL GEAR

Topic Title
General Description
Transmission
Bevel Gear

PR
.....................

......................

Drive Shaft Universal Joint

..........

1. GENERAL DESCRIPTION

Power from the engine is transmitted through the
engine clutch and the universal joint assembly to
the transmission. From the transmission, power is
transmitted to the bevel gear, and from the bevel
gear through the steering clutches, to the findl
drives and the track drive sprockets,

The transmission case is attached to the front of
steering clutch end final drive housing with cap-
screws. The transmission is piloted into the steering

clutch and final drive housing by a boss, located
on the rear of the transmission case. This boss also
serves as a bearing retainer for the transmission
bevel pinion shaft rear bearing.

A fixed gear reduction is made between the trans-
mission bevel pinion and the bevel gear to the
final drive gears; further reducfion for power or
speed chonge is obtained by shifting the trans-
mission geors.

2., TRANSMISSION

A, Description

The transmission is a constont mesh, helical gear,
speed reduction unit designed to provide the
proper gear ratio for the required speed or power
for the operation of the tractor, The various speed
changes (six (6) forward and three (3) reverse)
are obtained by the use of shifting collars, located
on hubs assembled on the intermediate shaft and
the transmission bevel pinion.

The shifting collars are shifted into mesh with their
corresponding gears by the use of shifting forks.
The shifting forks are actuated by shifting fork
shafts engaged with the gear shifting levers. The
shifting movement of eoch shiffing fork shaft is
controlled by detent noiches in the shifting shafts
and steel balls (detent balls) located in the trans-

mission case. Each shifting fork is so positioned
and clamped to its shifting shoft so that when each

shifting shaft is shifted to the desired speed range,
the detent balls enter the detent notches in the
shifting shafts and properly locate the shifting
collar with its corresponding gear.

The shifting collars are locked in mesh with their
corresponding gears by locking mechanisms con-
sisting of two (2) shifting lock plungers attached
to, and actvated by, two (2) shifting lock plunger
rods. The front end of each shifting lock plunger
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rod is connected to a lever located on the outer
ends of the engine clutch shifting yoke shafts, When
the engine cluich operating lever is pulled back
to engage the clutch, fhe shifting lock plunger rods
move the shifting lock plungers fo a position be-
tween the detent balls and lock the shifting shafts
in the desired position. NOTE: The shifting shaft
locking mechanisms are so designed that the frans-
mission shifting shafts can be shifted only when the
engine cluich operating lever is in the disengaged
position,

The transmission shafts are supported on one end
by ball bearings and on the other end by roller
beorings. The power input fo the transmission is
applied to the transmission top shaft.

B. Transmission Removal

1. Remove the oil drain plugs from the trans-
mission case and from the bottom of the
bevel gear compartment of the steering
clutch and final drive housing and allow the
ofl to drain.

Remove the seat cushion, seat adjusiing
frame, brake pedal pads, gear shift lever
guide, speed selection shift lever, floor plate,
and the main frame botiom rear shield.
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Fig. T —Transmission Sectional View
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10.

Remove the four (4) capscrews from the right
brake pedal lever bracket and move the
bracket assembly to provide clearance for
removal of the transmission.

Remove the "HI-LOW" gear shift lever from
the high-low shift lever of the transmission.

Disconnect the steering cluich control rods
trom the steering levers. Remove the cap-
screws attaching the steering lever bracket
to the transmission cuse and remove the
steering levers and bracket as an assembly.

Disconnect both shifting lock plunger rods
at the transmission end and allow the rods
to drop down to provide clearance.

Remove the two (2) U-bolis attaching the
universal joint to the rear yoke. Hold the two
(2} universal joint bearing assemblies to pre-
vent them from folling off. Place a small
pry-bar between the universal joint and the
rear yoke and pry the universal joint assem-
bly forward to clear the rear yoke. Tie or
tape the bearing assemblies in place on the
universal joint journal. Remove the universal
joint assembly by pulling the front yoke
from the engine clutch shaft splines,

¢

Thoroughly clean the top of the transmission
case and the surrounding area.

Install o 567 NC eye bolt in the tapped hole
of the transmission case as shown in Fig, 2.
Using o suifable chain and hoist, support the
weight of the fransmission assembly and re-
move the capscrews atfaching the trans-
mission to the steering clutch and final drive
housing.

Move the transmission forward until the rear
boss of the transmission case is free of its
bore in the steering clutch and final drive
housing, then raise and remove the trans-
mission.

NQTE: Keep the transmission in alignment
(straight) when removing fo prevent the boss
on the fransmission case from binding in the
bore of the steering cluich and final drive
housing.
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Fig. 2--Removing Transmission

€. Disassembly of Transmission

1. Thoroughly clean the transmission case be-
fore disussembly.

2. Place the transmission assembly on o clean
work bench, with the right side upward, and
remove the side cover.

3. Remave the capscrews attaching the gear
shift lever housing oand the "HILLOY gear
shift housing to the fransmission cuse and
remove the housings.

4. Loosen the shifting fork capscrews attaching
the shifting forks to the shifting fork shafts.
Loosen the inferlock spring capscrews and
pull the lower of the three (3} shifting fork
shafts from the transmission case; cotch the
three (3) steel balls (detent balls) which will
drop from position when the shaft is re-
moved. Remove the shifting fork from the
shifting collar,

5. Pull the center shifting fork shaft and inter-

lack pin from the fransmission case, cafching
the four (4} steel baolls (detent balls) which

190



GEAR SHIFT LEVER
GEAR SHIFT LEVER
HOUSING

INTERLOCK SPRING CAPSTREW
SHIFTING FORK SHAFT
’ SHIFTING  FORK

/’i :
SHIFTING LOCK
BLUNGER

i LEVEL T RANSMISSION

GA%E ROD CaF CASE  BMTERMEDIATE SHAFT

| Fig. 3 -Transmission Assembly — High-Low Shif¢ _|
Lever Housing and $ide Cover Removed

will drop from posifion when this shaft is
removed. Remove the shifting fork from the
shifting collar,

4. Pull the upper shifting fork shaft from the
transmission case, catching the steel ball
{detent ball} which will drop from position
when this shaft is removed. Remove the shift-
ing fork from the shifting collar. NOTE: The
three (3) shifting forks which were removed

above oare identical but the shifting shafts
differ and must be installed in their correct
posiftions when reassembling the fransmis-
sion.

7. Remove the bevel pinion front bearing cover
and tie the cover shims to the cover to pre-
vent loss of the shims.

8. On early model tractors, unlock the lock-
washer and remove the nut from the front
of the transmission bevel pinion. On later
model tractors, unlock the bevel pinion lock-
nut before loosening it for removal from the
transmission bevel pinion. Do not remove the
snap ring from the bevel pinion front ball
bearing or the bevel pinion depth adjusting
shims af this fime.

9. Turn the tfransmission case on the work bench
so that the jop of the case is downward and
block the case in this position. Using special
tools similar to the ones shown in Fig. 4,
push the bevel pinion from the bevel pinion
front ball bearing. Pull the bevel pinion from
the gears and the fransmission case.
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10.

11.

12.

13.
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/2 TOP SHAFY
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L. Fig. 8 — Removing 3rd Roverse ond 4th ond 4t .

Speed Geor Clusier

Place a rope around the center cluster of
gears (3rd reverse and 4th and éth speed
gears) and remove the gear cluster and the
gear spacing washers from the fransmission
case as an assembly (refer fo Fig. 5}

The front gear cluster (2nd reverse ond 3rd
and 5th speed gears) must be disassembled
inside the tronsmission case as there is not
sufficient space to permit removal os o
cluster. To disassemble this gear cluster, slide
the rear geor (3rd and 5th) from the hub
and remove the gear from case. Slide the
shifting collar from the hub and the hub
from the front gear (2nd reverse) ond re-
move these items and the 2nd reverse geor

from the case.

The rear gear cluster {Ist reverse and 1st
and 2nd speed gears) may now be removed
if desired by following the disassembly pro-
cedure s outlined in step 11 above, How-
ever, it is suggested that the rear gear cluster
be left in the transmission case until the top
and intermediate shafts have been removed;
the cluster can then be removed as an
assembly.

Turn the fronsmission case on the bench so
that the right side of the fransmission cuse
faces upward. Remove the capscrew and
retainer washer attaching the universal joint
rear yoke to the front end of the transmission
top shaft and remove the yoke. Remave the
capscrews attaching the top shaft front bear-
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14.

15.

16.

17.

18.

ing retainer to the transmission case and
remove the retainer. Remove the top shoft
rear bearing sleeve locking screw (refer to
Fig. 5) ond remove the rear bearing sleeve
and shims from the transmission cose.

Drive the top shaft toward the rear of the
case until the shaft is free of the front bear-
ing spacing sleeve and front roller bearing.
Pull the shaft from the transmission case and
remove the three (3} gears, bearing spacing
sleeve, and the bearing spacer from the case.

Clamp the top shaft in o vise, protecting the
splines of the shaft by use of copper jaws
or similar measure. On early model tractors,
unlock the lockwasher and remove the nut,
lockwasher, bearing, and the Tst reverse
gear from the top shaft. On later model
tractors, unlack the locknut ond remove the
locknut, bearing, and the 1st reverse gear
from the top shaft.

Remove the infermediate shaft front bearing
cover from the front end of the transmission
case. NOTE: I the oil seal in the bearing
cover is removed far replacement, the new
oil seal must be installed in the bearing cover
so that the sealing lip of the seal is foward
the front when the cover is installed.

Loosen the clamp bolt on the high-low shift-
ing fork and remove the two (2) capscrews
securing the interlock housing to the trans-
mission case. Remove the interlock assembly
and shifting fork shaft from the transmission
case as a unit. Remove the high-low shifting
fork from the shifting collar.

On early model tractors, unlock the lock-
washer and remove the nut and the lock-
washer from the front end of the interme-
diate shaft. On later model tractors, unlock
the locknut and remove it from the front end
of the intermediate shaft. Drive the inter-
mediate shaft toward the rear of the cose to

-free it from the front ball bearing and from

the high range gear bearing inner race.
Remove the shaft from the transmission case.
Remove the gears, spacers, efc., from the
transmission case.



TRAMEBMISSION CASE

19. i the rear gear cluster of the bevel pinion
was left in the transmission case, remove the

cluster at this time.

20. Clamp the intermediate shaft in a vise, pro-
tecting the splines of the shaft by use of
copper jaws or similar measure. Unlock and
remove the nut from the rear of the shaft.
Remove the bearing and the Ist and 2nd

speed gear from the shaft.

21. Using special tools similar to the ones shown
in Fig. 6, remove the ball bearings from the

bores in the front of the transmission case.

D. Cleoning and Inspection of Pards

Clean ond inspect all the transmission parits thor-
oughly os described in pertinent parts of “GEN-
ERAL MAINTENMANCE INSTRUCTIONS” in Section
XXl Reploce or recondition the worn or damaged
parts. ’

The transmissions in Tractors Serial No. 2939

through 3895 have shifting collars, hubs and cor-
responding gears with wide engaging teeth which
require shifting fork shafts with elongated detent
grooves for the detent balls. However, the frans-

ADAPTOR

PULLIMG
ATTACHMENT

Fig. 6§ —Removing Beoring from Transmission

ADJUSTING SCREW CRANK

HYDRAULIC RAM
LEG

ADJUSTING
SCREW

missions in Tractors priar fo Serial No. 2939 and
in Tractors Serial No. 3896 and above, have shift-
ing collars, hubs, and corresponding gears with
narrow engaging teeth ond have shifting fork
shafts with equally spoced detent grooves.

"NOTE: The wide tooth type shifting collars, hubs,
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and gears, and the shifting fork shafis with the
elongated detent grooves for the detent balls {as
used in fransmissions in Tractors Serial No. 2939
thru 3895) were discontinued. Whenever the trans-
missions in these tractors are disassembled for re-
pairs, new shifting collars, hubs, and gears having
the narrow fype engdging teeth, and new shifter
fork shafts with equally spaced detent grooves,
should be installed.

Effective with Tractor Serial No. 3749, heavier
transmission shifter forks were installed. The
heavier shifter forks contain twe {2) capscrews for
clamping the fork to its respective shifter shaft
instead of one (1) clamping capscrew os used 4n
transmissions in Tractars prier to this Serial Num-
ber. Whenever the transmissions in Tractors prior
to Serial No. 3749 are disassembled for repairs,
the heavier shifter forks should be installed.
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E. Assembly of Transmission

1.

installation of Intermediaie Shaft
Assembly .

NOTE: Before installing the components of
the intermedicte shaft in the transmission
case, the bevel pinion rear gear cluster (1st
reverse and st and 2nd speed gears) should
be assembled and placed in position inside
the transmission case. This will make the in-
stallation of the fransmission bevel pinion
easier.

a. Place the fransmission case on o benth
with the side cover epening in the case
upward.

b. Install the 1st and Znd speed gear {22
teeth) on the rear end of the inferme-
diate shaft, with the hub end of the gear
facing the rear of the shaft. Press the
inner race of the rear roller bearing in
position on the shaft,

c. Place the gear spacing sleeve (415" long)
on the shaft and against the front face
of the gear and insert the assembly in
the transmission case from the rear just
far enough to start the remaining com-
ponents onto the shaft.

d. Start the 4th and 6th speed gear (46
teeth) on the splines of the shaft, with the
hub end of the gear toward the front of

Fig. 7 - Transmission Imtermediate Shoft Detoils
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the shaft. Install the gear spacing sleeve
{1-3/16" long) on the shaft against the
hub of the gear. Install the 3rd and 5th
speed gear (41 teeth) on the shaft, with
the hub end of the gear against the
spacing sleeve.

NOTE: On early mode! tractors, the low
range gear (40 teeth) contained a bush-
ing and on later model! tractors the bush-
ing in this gear was discontinved. The
low range gear in the later mode! trac-
tors is supported on the fow range gear
hub by two (2) roller bearings,

On early model tractors, lubricate the
bushing in the low range gear {40 teeth)
and install the gear in position on the
low range gear hub. Install this assembly
on the shaft with the gear located next
to the 3rd and 5th speed gear. Install
the shifting collar in position on the low
range gear hub.

On later model tractors, install the twa
{2) low range gear roller bearings in
position on the low range gear hub and
lubricate the bearings. Install the low
range gear (40 teeth) in position on the
roller bearings. Install this assembly in
position on the shaft with the gear lo-
cated next fo the 3rd and 5th speed
gear. install the shifiing collar in position
on the low range gear hub.



NOTE: On early model tractors, the high
range gear (32 teeth) contained o bush-
ing and on later model tractors the
bushing in this geor was discontinued.
The high runge geor in the Jater model
troctors is supported by two (2) roller
beorings.

On eorly model tractors, lubricote the
bushing then install the bearing inner
race in position in the bushing of the
gear. Install the gear spacing washer in
the bore of the high range gear, with
the chamfer on the ID of the washer to-
ward the rear of the assembly as in-
stalled. Start this assembly in position on
the shaft, with the large diameter of the
gear located next to the low range gear
hub, and drive the bearing inner race
into position on the shaft,

On leter mode! tractors, install two (2)
high range gear roller bearings in posi-
tion in the high range gear {32 teeth)
and lubricate the bearings. Install the
roller bearings and the geor spacing
washer in the bore of the gear, with the
chamfer on the 1D of the washer toward
the rear of the assembly as installed.
Install the assembly on the shaft, with
the large diometer of the geor locoted
next to the low range gear hub, and
push the shaft forword into position.
Start the gear inner bearing race onto
the front end of the shaft ond drive it
into position on the shaft und against
the geor spacing washer.

Install the front bearing spacing washer
on the shaft, with the flat face of the
washer located next to-the high range
gear, With the snap ring installed in the
rear raller bearing, install the rear roller
bearing into position in the rear bore of
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the fransmission case and onto the inner
race of the bearing which was installed
on the shaft. On early model tractors,
install the lockwasher and the rear nut
on the shaft. On luter model tractors,
install the rear locknut on the shaft.

Install the front ball bearing into position
in the bore of the transmission case and
onto the shaft. On early model tractors,
install the lockwasher and the front nut
on the shaft. On loter model troctors,
instoll the front locknut on the shaft. Do
not tighten the shaft nuts at this time as
they will be tightened when assembly of
the transmission is completed,

Install o new oil seal in position in the
infermediate shaft front bearing cover,
with the sealing lip of the seal toward
the front when the cover is installed.
Install the bearing cover and its attach-
ing gasket in position on the cose but
do not tighten the attaching capscrews
at this time.

installation of Transmission Top
Shaft Assembly

a. Place the top shoft in a vise, with the

rear end of the shaft vpward; profect
the splines of the shaft by use of copper
jaws in the vise. Install the 1st reverse
gear {21 teeth) on the shaft, with the hub
end of the gear towards the rear of the
shaft, Install the rear ball bearing in
position on the shaft. On early model
tractors, install the lockwasher and the
rear nut on the shaft. On lofer model
tractors, install the rear locknut on the
shoft. Tighten the rear nut, or locknut,
te a torque of 175 to 200 lbs. ft. and
lock in position,
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b. Start the front end of the shaft into the

top shaft rear bore of the transmission
case. Install o gear spacing sleeve (3%
long) on the shaft followed by the 3rd
reverse gear {44 teeth), with the hub
end of the gear facing the front of the
shaft.

Install the low range gear (34 teeth) on
the shaft and next to the 3rd reverse
gear, with the hub end of the geor
facing the front of the shaft.

Install the high range and 2nd reverse
gear {41 teeth) on the shaft, with the hub
end of the gear facing the rear and
against the hub of the low range gear.

Install the %" thick high range and 2nd
reverse gear spacing washer {chamfer
toward the gear), front bearing spacing
sleeve, and the inner race of the front
roller bearing on the shaft in the order
named. Install the rolier bearing (with
its snap ring) into position in the front
bore of the case and on the shaft. Install
the front bearing spacer (12" thick} on
the shatt and against the inner race of
the front roller bearing.

Install an oil seal in the front bearing
retainer, with the sealing lip of the seal
toward the rear.

Using gasket cement, cement a front
bearing retainer gasket to the transmis-

] JGEAR SPACING WASHER
LOW RANGE GEAR
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TOP SHAFT
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SLEEVE LOCKING SCREW

REAR BALL
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sion case and attach the front bearing
retainer to the case with four (4) A" x
2Y5” capscrews and lockwashers.

Insert the rear bearing sleeve into the
transmission top shaft rear bore, align-
ing the hole for the sleeve locking screw.
Use sufficient bearing odjusting shims
between the rear of the ball bearing and
the front of the sleeve so that the sleeve
has .000” to .005” standout from the
rear face of the case.

After the retaining sleeve hos been
properly positioned as outlined above,
secure it in position with the sleeve lock-
ing screw and lockwasher.

Installution of Transmission Bevel
Pinion

With the bevel pinion rear gear cluster
in position in the transmission case as
outlined in E, 1 above, refer to Fig. 9
and assemble the front gear cluster {2nd
reverse geor [55 teeth] and 3rd and 5th
speed gear [55 teeth]), inside the trans-
mission case in the same manner in which
the rear gear cluster was assembled.
When assembling, coat the rear face of
the front bearing spacing washer with
grease to hold it in position against the
2nd reverse gear. NOTE: The gear hub
for the 2nd reverse and the 3rd and 5th
speed gears, of the front gear cluster,
has fwo different widih bearing journals;
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this gear hub must be installed with the
longer journal foward the rear of the
case.

After the bevel pinion front gear cluster
has been assembled, push it as far for-
ward as possible in the transmission case
and into mesh with the mating gears on
the top and intermediate shafts.

Assemble the transmission bevel pinion
center gear cluster (3rd reverse and 4th
and 6th speed geors each having 48
teeth), on o work bench. When assem-
bling, coat the two (2) gear spacing
washers with grease to hold them in
position against their corresponding
gears. Install the assembled cluster in
position in the transmission case, be-
tween the front and rear clusters, Make
certain the geor spacing washers are in
their proper position and that the gears
of the center gear cluster mesh properly
with the mating gears on the top and
intermediate shafts,

With the three gear clusters in position
in the transmission case, check to be sure
that oll gears are on the proper ends of
their respective gear hubs, so that the
helixes of the gear teeth will mesh with
their mating gears (refer to Fig. 1}.

Press the inner race of the rear roller
bearing into position on the bevel pinion
and install the rear roller bearing in
position on the inner race. Install the
rear bearing spacer {17 long) on the
bevel pinion, with the chamfered end of
the spacer toward the bearing. Place a
gear spacing washer in position on the
bevel pinion and against the rear bear-
ing spacer.

Turn the transmission cose so that the
top of the case rests on the work bench
as shown in Fig. 10. Make certain the
three (3) shifting collars are in their
neutral position. Start the bevel pinion
into the case from the rear, While push-
ing on the pinion, turn the gears and

position the bevel pinion as necessary to
align the splines of the pinion with the
corresponding splines in the gear spac-
ing woshers and the gear hubs, and push
the pinion info the gear hubs until the
rear bearing is storted into the bore of
the case. Drive the rear bearing into the
bore of the case and install the reor
bearing snap ring in position in the case.

Remove the snap ring from the double
row ball bearing and start the bearing
into position on the bevel pinion. On
early model tractors, install the lock-
washer and the front nut on the bevel
pinion. On later model tractors, install
the front locknut on the bevel pinion.
Tightening of the nut or locknut will pull
the double row ball bearing into position
on the bevel pinion and into the bore of
the transmission case. Tighten the nut or
locknut to a torque of 480 to 520 Ibs. .
and lock in position..
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|, Fig. 10 —Installing Bevel Pinion in Transmission _
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h. Remove the front bearing cover from the

intermediate shaft, tighten the interme-
diate shoft front and rear nuts to torque
of 180 to 220 Ibs. fi., and lock the nuts
in position. Install the intermediate shaft
front bearing cover and gasket and se-
cure the cover to the case with the
attaching capscrews.

Place the snap ring in its groove in the
bevel pinion front beoring and tap
the bevel pinion toward the rear until the
snap ring is agoinst the face of the frans-
mission case. Hold the front bearing



cover firmly against the front bearing,
and, using a feeler gage, measure the
gap between the bearing cover and the
face of the transmission case, Make up
o shim pack of cover adjusting shims
approximately .0017 thicker than the
feeler goge measurement; this will pro-
vide .000" to .002” bearing end play in
the bearing cover when the bearing
caver is attached to the case. Keep the
shim pack with the bearing cover.

Drive the transmission bevel pinion for-
ward approximately 1/16” and remove
the snap ring from the front bearing,
Install the pinion depth adjusting shims
{approximately .080“), which were re-
moved at disassembly, in place on the
frant bearing. Install the snop ring and
drive the bevel pinion toward the rear
until the snap ring is tight against the
adjusting shims.

install the bevel pinion front bearing
cover with the correct amount of cover
adjusting shims, as determined in sfep
(i) above, and secure with the attaching
CapSCrews.

;i

The initial tronsmission bevel pinion
depth (controlled by depth adjusting
shims located between the transmission
bevel pinion frant bearing snap ring and
the transmission case) should be set so
that the rear face of the bevel pinion
extends 4.149" from the rear face of the
transmission case.

If the bevel pinion has a mounting dis-
tance dimension marked on the rear face
of the pinion, subtract this dimension
from 9.5217, which is the specified di-
mension from the rear mounting face of
the transmission case to the center of the
bevel gear hub. The difference between
these fwo dimensions is the distance the
toe end of the pinion should exfend from
the rear mounting face of the transmis-
sion cose, without the case mounting
gasket in place (refer to Fig. 11).

Occasionally, ofter o fransmission bevel
pinion and gear have been adjusted in
the above manner, it is necessary to add
or remove pinion depth adjusting shims
o obtain the desired tooth bearing pat-
tern. Always use a marking compound

BEVEL
PINION //

REAR FACE OF TRANSMISSION CASE

DIMENSION MARKED ON THIS
PINION IS 5.372

Fig. 11 — Fransmission Bevel Pinion Adjustment
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4,

to check the footh bearing pattern after
moking on odjustment (refer fo Fig. 18
in this Section for proper tooth patiern).

Installation of Cear Shift Mechanism

Turn the fransmission cose on the work bench
sa that the case rests on its left side. Refer
ta Figs. 1 and 3 and install the shifting fork
shafts and their components as follows:

a. Install the three shifting forks in position
in the slots of their corresponding shift-
ing collars. The forks must be installed
with the bosses for the fork attaching
capscrews positioned as shown in Fig. 3.

b. The three (3) shifting fork shafts are of
different lengths; the lower shaft being
the langest, the upper shaft being next
in length, and the center shaft being the
shartest.

Insert the upper shifting fork shaft
through the upper shifting shaft bore in
the case and into the shifting fork lo-
cated on the center cluster of gears.
Refer to Fig. 1 and insert three (3) steel
balls (detent balls) in position in the case
and make certain that the ball contact-
ing the upper shifting fork shaft is lo-
cated in the center detent notch of the
shifting fork shaft.

c. Install the interlock pin in position in the
center shifting fork shaft and insert the
shaft through the center shifting shaft
bore in the case and into the shifting fork
located on the front cluster of gears.
Refer to Fig. 1 and insert two (2) steel
balls (detent balls) in position in the case
and make certain that the ball contact-
ing the center shifting fork shoft is lo-
cated in the center detent notch of the
shifting fork shaft.

d. Insert the lower shifting fork shaft
through the lower shifting shaft bore in
the case and info the shifting fork lo-
cated on the rear cluster of gears, Make
certain the center detent .iotch of the
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shiffing fork shoft is in line with the steel
balls (detent balls).

Insert a steel ball {detent ball} and an
interlock spring into each hole over each
shifting fork shaft, then install the three
washers and interlock spring capscrews.
Tighten the capscrews securely.

Make certain that the shift lever notches
in the front ends of the shifting fork
shafts are properly aligned. Center the
three shifting callars on the gear hubs
and center the shifting forks in the slots
of the shifting collors. Tighten the shift-
ing fork capscrews (V4" capscrews) to a
torque of 85 to 95 Tbs. ff. NOTE: The
shifting forks in Tractors Serial No, 1945
thru 3748 contained 3" capscrews; the
3" capscrews in these forks (if these
forks are reinstalled) should be tight-
ened to a torque of 170 to 180 Ibs. ft.

Install the gear shift lever housing and
gasket in position on the front of the
transmission cose, inserting the lower
end of the gear shift lever into position
in the nofched ends of the shifting fork
shafts, Install the attaching capscrews
and tighten securely.

Install the high-low shifting fork in posi-
tion in the shifting collar of the inter-
mediate shaft, with the clamping slot of
the fork facing toward the center of the
transmission (refer to Fig. 3). Insert the
high-low shifting fork shaft, assembled
in the geor shift interlock housing, into
the bore of the transmission case and
into the shifting fork.

Center the shifting collor of the gear
hub and center the shifting fork in the
shifting collar. Tighten the shifting fork
capscrews (127 capscrews) to a torque
of 85 to 925 lbs. 1.

NOQTE: The shifting fork in Tractors Serial
No. 1945 thru 3748 contained a %" cap-
screw; the % capscrew in this fork (if
this fork is reinstulled) should be tight-
ened to a torgue of 170 to 180 Ibs. .



i. Install the high-low shifting lever in posi-
© tion on the high-low shift lever. Install
the drain plug in the fransmission case.
Thoroughly inspect the inside of the
transmission for foreign objects. Check
all capscrews inside the transmission and
moke certain they have been tightened
securely. Using a small pry bar, or simi-
lar tool, move each shifiing fork shaft
into its various “detent” positions and
check to see if the shifting forks are
properly located on the shafts so that
the shifting collars are properly engaged
with their corresponding gears. Insiall
the transmission side cover and gasket.

k. Install the rear yoke {universal joint} in
position on the front of the transmission
top shaft, using o new yoke seal between
the top shaft and the yoke retaining
washer (refer to Fig. 20). Secure the rear
yoke in position with a capscrew and
locking wire.

F. Installation of Transmission Assembly

1.

Use a new mounting gasket between the
transmission case and the steering clutch and
final drive housing and install the frans-
mission caose by a direct reversal of the re-
moval procedure. Check the adjusiment of
the transmission bevel pinion and bevel geor
and odjust if necessary as explained in
“"ASSEMBLY OF BEVEL GEAR" in this Section.

Connect the universal joint assembly to the
rear yoke with the two (2} U-bolts.

Install the capscrews to attach the right
broke pedal lever bracket. Install the steer-
ing levers and bracket in position on the
transmission case and secure with the attach-
ing capscrews. Cannect the steering cluich
control rads to the steering levers,
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4.

5.

Install the yoke pins and cofter pins used to
connect the shifting lock plunger rods to the
two (2) shifting lock plungers and check the
adjustment of the rods when connecting as
follows:

a. To adjust the shifting lock plunger rod
on the right side of the transmission, pull
the engine clutch operating lever to its
“ENGAGED" position. Measure the com-
pressed length of the plunger rod reor
spring and record this measurement,
Push the engine clutch operating lever
to its “DISENGAGED" position. Turn the
nuis on the front end of the plunger rod
as necessary to compress the plunger rod
front spring to obtain the same com-
pressed length as recorded for the rear
spring. When the correct adjustment is
obtained, tighten the jom nut.

b. The shifting lock plunger located on the
left side of the transmission, is properly
adjusted when there is W clearance
betweaen the shoulder of the plunger and
the shifting lock plunger sleeve with the
engine cluich operating lever in its “DIS-
ENGAGED” position. The correct adjust-
ment can be made by furning the ad-
justable yoke at the forward end of the
shifting lock plunger rod as necessary.

install the floor plate, brake pedal pads,
seat adjusting frame, speed selection shift
lever, gear shift lever guide, and seat cush-
ion. Install the drain plug in the bevel gear
compartment and install the main frame
bottom rear shield.

Fill the transmission and bevel gear com-
partments to the proper level with the
specified lubricant,



A, Description

The bevel gear, located in the center compartment
of the steering clutch and final drive housing, is
bolted to the flange of the bevel gear shaft. The
bevel gear shoft is supported ot sach end by
tapered roller bearings contained in removable
bearing cages. The bevel gear is driven by the
transmission bevel pinion; an approximate 4.5 to 1
speed reduction is made through the bevel gear
and pinion. Power from the bevel gear is delivered
through the steering clutches to the final drives.

B. Removal of Bevel Gear

With the transmission removed from the steering
clutch and final drive housing, the bevel gear may
be removed as follows:

1. Remove both steering clutches (refer to
“CLUTCH REMOVAL,"” Section XIIl. Remove
the steering clutch throwout yoke and bear-
ing assemblies (refer to “STEERING CLUTCH
THROWOUT BEARING ASSEMBLIES,” Sec-
tion XIN).

Remove the bevel gear compartment cover.

Remove the high nuts and nut locking plates
securing the bevel gear to the bolting flange
of the bevel gear shaft.

Remove the bolts attaching the bevel gear
shaft bearing cage assemblies to the inner
walls of the steering clutch compartments
and remove the bearing cages.

Instalt o puller similar to the one shown in
Fig. 12. Place suitable wooden blocks be-
tween the right side of the bevel gear and
the compartment wall to hold the bevel gear
stationary. Tighten the puller screw hex nut
and pull the beve!l gear shaft from the gear.

Remove the hex nut from the puller screw
and remove the wooden blocks which were
installed in step 5. Tilt the bevel gear shaft
and remove the puller screw from the shoft.
Remove the shaft and the right bearing cone
through the right steering clutch compart-
meni cover opening. Remove the bevel gear.

3. BEVEL GEAR

PULLER SCREW
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Fig, 13— Special Tool Details for Pulling
Bevel Gear Shaft

7. Remove the bearing cone from the bevel
gear shaft and the bearing cups from the
bearing cage assemblies. Tie the beoring
adjusting shims to the bearing cage assem-
blies from which they were removed.

€. Cleaning ond inspeciion of Parts

Clean and inspect all the parts as described in
pertinent pages in “GENERAL MAINTENANCE
INSTRUCTIONS,” Section XXI. Replace or recondi-
tion any damaged parts. Replace the bevel gear
shaft oil seal sleeves if necessary and install new
oil seals when assembling.

D, Installation of Bevel Gear

1. Press the bearing cone into position on the
right end (long end) of the bevel gear shaft,
with the large diameter of the bearing
against the shoulder of the shaft. Install the
bevel gear attaching bolts in position in the



BEVEL GEAR

BEARING CUP
BEARIMG CONE BEARING CAGE
Ol SEAL SLEEVE CAPSCREW

ALE

Ol SEAL
WEAR PIN

ADIUSTING SHIm

BOLT : NUT LOQCKRING PLATE

Fig. 14 — Bevel Gear and Shaft Detuils

gear. NOTE: When installing the bolts, posi-
tian the bolt heads so that the bolt locking WRENCH
ring may be installed.

2. Place the bevel gear in position in the
housing, with the teeth of the gear toward
the right side when viewed from the rear.
Start the bevel gear shaft into the bevel gear
and start the flange of the shaft onto the
attaching bolts. Bump or drive the bevel
gear shaft into the gear until the locking
plates and the high nuts may be started on
the attaching bolts; place the locking plates
in position on the atfuching bolts and start
the high nuts. Tighten several of the high
nuts evenly until the gear is properly located
on the shaft. Install the bolt locking ring in
position, making certain that the heads of
the bolts are positioned so that the locking against the inner ruce of the bearing cone.

ring will contact the bevel gear when in- install a sleeve plate against the installing
stalled. sleeve and install @ hex nut on the puller

screw, Tighten the hex nut to prass the bear-
ing cone fight against its seat on the shaft,
then remove the installing tools.

15 — Installing Bevel Gear Shaft Bearing Cone |

3. Llubricate the other bearing cone and start
it on the left end of the bevel geor shaft,
with the large diameter of the bearing to-

ward the bevel gear. Using special tools 4. Press the bearing cups into position in the
similar to the ones shown in Fig. 15, install bearing cage assemblies. Lubricate the bear-
the puller screw (used in removal) in the " ing cones with clean engine oil and insert
tapped hole in the left end of the bevel gear one cage and cup assembly into each bore
shoft. Place o bearing installing sleeve (hav- of the housing, using the shims removed at
ing an OD the size of the inner race of the disassembly between each cage and the
bearing cone} over the puller screw and wall of the housing.

203



5.

10.

BEARING INSTALLING SLEEVE
PULLER SCREW

.. Fig. 16 — Special Tool Details for Instailing Bevel _|

HEX MNUT

SLEEVE PLATE

Gear Shoft Bearing Cone

Make certain that the wear pin in each cage
is toward the bottom as installed, then stari
the attaching capscrews but do not tighten.

Tighten all of the high nuts of the bevel gear
aftaching bolts to o torque of 165-175 lbs.
ft. and lock the high nuts in position with
the nut locking plates. “

Tighten the bearing cage attaching cap-
screws and bump the bearing cages to make
certain the bearing cones are properly
seated, then check the bearing pre-load.
NOTE: THE BEARING PRE-LOAD MUST BE
CHECKED WITHOQUT THE QIL SEALS IN
POSITION IN THE BEARING CAGES,

The bevel gear shaft bearings are properly
adjusted when they have a pre-load of 10
to 25 inch pounds or when they are adjusted
002" 1o .004" tight, If an inch pound forque
wrench is available, install o steering clutch
driving hub retaining cupscrew in the shaft,
then using the torque wrench, turn the shaft
to check the bearing pre-load. Add or re-
move bearing adjusting shims as necessary
to obfain the correct 10 to 25 inch pounds
pre-load.

Install the transmission assembly in position
on the steering clutch and final drive housing
and tighten the attaching capscrews.

To adjust the bevel pinion depth (or mount-
ing distance) with the transmission installed
in the tractor, refer to Fig. 17 ond proceed
as follows:

a. Using a telescoping gage, or an inside
caliper, measure the distance from the
flat surface on the toe end of the bevel
pinion to the muachined surface of the
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11.

12.

bevel gear shaft flange. Lock the tele-
scoping goge in position, use an outside
micrometfer to measure the felescoping
gage, and record this measurement.

b. To calculate this distance (refer to Fig.
11), divide the diometer of the bevel
gear shaft lange by two (2) and subtract
this distance from the mounting distance
marked on the toe end of the bevel

pipion.

EXAMPLE: The diameter of the bevel
gear shoft flange is 5.880" and the
mounting distance marked on the end
of the bevel pinion s 5.372",

5.880" -+ 2=2.940"
5.372" - 2.940" = 2 432"

Therefore, 2.432" is the proper mount-
ing distance from the toe end of the
bevel pinion fo the machined surface of
the flange of the bevel gear shaft.

NOTE: If the bevel pinion has no mouni-
ing distance morked on the toe end, the
pinion should be odjusted so that the
rear face {toe end) of the hevel pinion
stands out approximately 4.149” from
the rear foce of the fransmission case.

Check the backlash between the bevel gear
and the bevel pinion teeth; the specified
backlash is 006" to .012". If the backlash
is not within the above limits, the bevel gear
“run out” {wobble} should be checked with
a dial indicator, The bevel gear run out
should not exceed .006”; if the run out
exceeds 006", the mounting of the bevel
gear on the shoft should be rechecked.

Adjustment of the backlash between the
bevel gear ond the bevel pinion teeth is
accomplished by changing the bevel gear
bearing adjusting shims from one bearing
cage to the other, If the backlash is excessive,
remove adjusting shims from under the bear-
ing cage on the left side and add these
shims to those under the bearing cage on
the right side. If the bocklash is insofficient,
remove adjusting shims from under the bear-
ing cage on the right side and add them to



left side. In this manner, the bevel gear is
moved without disturbing the bevel gear
shaft bearing pre-load wdjustment. Trans-
ferring a .005” adjusting shim will change
the backlash approximately 00357,

IMPORTANT: AFTER THE BACKLASH HAS

BEEN ADJUSTED, THE TOOTH BEARING
MUST BE CHECKED. The footh bearing can
be determined by painting the bevel gear
TSP SHAFTS _‘ teeth with o marking compound or bluing.
”}Eﬁ?@%é&%iﬁl{?f;l Rotate the gear by hand and the tooth
ASSEMBLY bearing will show plainly (refer to Fig. 18
' showing the correct and incorred tooth
bearings).

13. After the backlash of the bevel gear and
pinion has been properly adjusted, remove
the bevel gear shaft bearing cages (keep
adjusting shims with their respective cages)

B then lubricate and install the oil seals in

position in the bearing cages; install the oil

TELECSyig?NG sedls in the bearing cages so that the sealing

lips of the seals are toward the bevel gear

@ & when installed. Lubricate bevel gear shaft

and reinstall the bearing cages, using care

3%%}&%&8 so that the lips of the seals are not crimped

HIGH NUT or damaged. IMPORTANT: When installing

the bearing cuges, make certain they are

NUT LOCKING BLATE g positioned so that the wear pin for the clutch

- * © throwout yokes are located of the boftom
Fig. 17 —Checking Transmission Bevel )

Pinion Adjusiment when installed.
the shims under the bearing cage on the 14. Install the steering clutch throwout bearings,

throwout yokes, and steering clutch driving
hubs in position on the bevel gear shaft as
an assembly. Install the steering cutch driv-
ing hub retaining washers, locks, and retain-
ing capscrews and tighten the retaining cap-

TOOTH BEARINGS

CONCAVE SIDE CONVEX SIDE

CORRECT TOOTH BEARING POSITION
WITH ACCURATE AND RIGID MOUNTING.

O
OUT OF POSITION BEARING

CAUSE! PINION TOO CLOSE TO CONE
CENTER,

REMEDY. MOVE PINION AWAY FROM
CONE CENTER,

2]
QUT OF POSITION BEARING

CAUSE! PINION TOO FAR FROM CONE
CENTER.

RCMEDY! MOVE PINION TOWARD CONE
CENTER.

Fig. 18 — Tooth Bearings
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screws to a torque of 300 lbs. fi. Lock the 16.
capscrews .in position with the capscrew
locks, Connect the upper ends of the lubri-
cating fubes (right and left) for the steering
clutch throwout bearings. 17.

15. Install the bevel gear compartment cover,
using o new gasket.

Install both steering clutches and brake as-
semblies (refer to “CLUTCH INSTALLATION,”
Section XII).

Install the oil drain plug in the bevel gear
compartment, then fill the transmission and
the bevel gear compariment to the proper
level using the specified lubricant.

4, DRIVE SHAFT UNIVERSAL JOINT

A. Description €. Removal, Disassembly, and Inspection

Power is transmitted from the engine through the 1.
engine clutch and fo the fransmission by the drive

shaft universal joint assembly. The main paorts of

the universal joint assembly are: front and rear

yokes, center shaft, and the journals and bearing 2.
assemblies. By disconnecting the universal joint at

the front or rear yoke, either the transmission or

the engine clutch can be removed without disturb-

ing the bevel gear and steering cluich assembly or

the engine.

1.

Assombly Location

B. Service

The universal joint assembly is provided with two
(2) lubricating fittings one in each journal assembly.
:After each 400 to 1000 hours of operation, remove
‘the floor plate and lubricate the universal joint
assembly.
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Remove the brake pedal pads, gear shift
lever guide, speed selection shift lever, and
the floor plete.

Remove the two (2) U-bolts attaching the
rear journal assembly to the rear yoke. Use
a small pry bar and pry the universal joint
assembly forward on the clutch shaft splines
to free the journal assembly from the rear
yoke. Tape or tie the fwo (2) beuaring assem-
blies to the rear journal. Pull the universal
joint assembly toward the rear fo free the
front yoke from the cluich shaft and remove
the universal joint assembly.

Remove the bearing assemblies from the
journals and remaove the gaskets and gasket
retainers.

Wash the parts thoroughly in clean solvent.
Inspect the components for damage and
wear and replace the necessary parts.

D. Assembly and Installation

The universal joint assembly may be re-
assembled and installed by direct reversal
of the removal and disassembly procedure.
When installing the journal assemblies, in-
stall them so that both lubricating fittings are
in line. Install the rollers in position in the
bearing retainers (thirty-four (34) rollers in
each). Pack with grease to hold the rollers
in position and install the bearing assemblies
in position on the journals.

Install the floor plate, speed selection shift
lever, gear shift lever guide, and the brake
pedal pads,
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SECTION Xii—STEERING CLUTCHES AND CONTROLS

Topic Title Topic No.
General Description ... ........... 1
Steering Clutches . ........... ... ... 2
Steering Clutch Throwout Bearing

Assemblies ........ ... ... ... ... 3
Steering Levers and Linkage .. .... ... 4

1. GEMNERAL DESCRIPTION

Two steering clutch assemblies, one located at each
end of the bevel gear shaft, are used for steering
the tractor. Each steering clutch assembly is en-
closed in a brake drum which acts in conjunction
with the steering clutch for steering. Each steering
clutch is actuated by o steering lever connected

by linkage to the steering cluich throwout ycke
assembly. An over-center, spring loaded fype
steering lever booster assembly Is attached to the
lower end of each steering lever to assist in dis-
engaging the respective clutch.

2. STEERING CLUTCHES

A, Description

The two steering clutch assemblies, one on each
side, are of the multiple disc type having seventeen
{17} friction discs and seventeen (17} steel discs
assembled alternately. Pressure springs hold the
steering clutch discs tightly together, between the
steering clutch pressure plate and the steering
clutch throwout plate, in assembly.

Power is transmitted from the bevel gear shaft
through the steering clutches to the final drive
pinions. The steering clutches are manually dis-
engaged by pulling back on the steering levers,
located directly in front of the operator. Pulling
back on a steering lever mechanically forces the
corresponding  steering clutch  throwout sleeve
against the steering clutch throwout plate and
compresses the pressure springs, thereby allowing

STEERING CLUTCH AS%EMSLY

BRAKE DRUM IJ
HU

THROWOUT SLEEVE BEARING

LUBRICATING TUBE

| BEVEL GEAR

Fig. 1 — Steering Clutch and Bevel Gear Assembly
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the steel discs and friction discs of the clutch to
separate.

When either steering clutch is disengoged, the
bevel gear shaft turns without driving or supplying
power to the final drive pinion shoft on the side
in which the steering clutch is disengaged.

B. Steering Clutch Service

Specified time intervals between steering cluich
linkage adjustments can not be established because
of the variable operating conditions which deter-
mine the amount of steering clutch disc wear.

The steering clutch linkage is properly adjusted
when the steering levers each have 3" of free
-travel, measured ot the tops of the steering levers.
As the steering clutch discs wear, the steering lever
free fravel becomes less and an adjustment is
required when the free travel has decreased to
less than 1%, Free travel of the steering levers is
necessary to assure proper clearance between the
steering clutch throwout sleeve and the steering
clutch throwout plote and to assure full engage-
ment of each steering clutch (refer to “STEERING
LEVERS AND LINKAGE” in this Section).

€. Washing Steering Clutches

If the steering cluiches slip due to oil getting on
the clutch discs as o result of oil leaking into the
steering clutch compartments, wash the steering
clutches with cleaning solvent in the following
manner:

1. Install o drain plug in the drain hole located
in the bottom of each steering clutch com-
partment,

Remove the brake boand adjustment hole
covers from the top of the steering clutch
housing and pour about three gallons of
solvent into each steering clutch compart-
ment. Drive the tractor back and forth in o
straight line for approximately five minutes,
leaving the steering clutches engaged. The
oil on the exterior of the steering clutches
and brakes will be washed off in this opera-
tion.

3. Drain the steering cluich compartments and

refill with the some omount of clean solvent,
then drive the tractor back and forth for
another five minutes, disengaging one steer-
ing clutch and then the other continuolly
during this period. Disengaging the steering
clutches allows the steering clutch discs to
separate so that the solvent can gef between
them to wash the oil from their friction
surfaces,

Drain the steering clutch compartments and
allow the steering clutches to dry a short
time. Operate the tractor with a light load
in low gear until the steering clutches become
thoroughly dry, otherwise they may slip due
to the presence of solvent on the discs.
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== Fig. 2 Steering Clutch Compariment Droins
D. Steering Clutch Removal

NOTE: The following removal procedure applies
fo either steering clufch.

1. Remove the fuel fank (refer to “FUEL TANK
REMOVAL,” Section Il).

Remove the seat cushion, tool box, seat
cushion frame, brake pedal pads, floor plate,
and the floor supporting plates. Loosen the
lower end of the battery ground cable and
tape the end. Remove the copscrews ottach-
ing the battery box to the fender and move
the battery box forward on the fender to
provide clearance for the removal of the
steering clutch.

Remove the jam nut and the breake band
support nut,



4. Remogve the steering clutch compaoriment
COVer,

5. Turn the brake band adjuster counter-clock-
wise until it is loosened from the bruke band
adjusting yoke.

6. Remove the yoke pin connecting the rear
end of the brake control rod to the brake
band lever. Remove the pipe plug located
in the side of the steering clutch housing, in
line with the brake band end pin which is
located in the brake band adjusting yoke.
Using o suvitoble 3% NC capscrew inserted
through the hole, turn the capscrew into the
tapped hole in the end of the brake band
end pin. Pull out on the capscrew and re-
move the brake band end pin as shown in
Fig. 3.

brake drum, which can be accomplished by
using a jack placed under the reor of the
track and moving the tractor, or by turning
the track sprocket by the use of a pry bar.

9. Attach o chain to the brake band as shown
in Fig. 4 and lift the steering clutch assembly
from the steering clutch compartment, NOTE:
Before lifting the clutch in this manner, turn
the brake band on the brake drum so thuat
the brake band adjusfer is as far forward
as possible. With the broke band turned in
this position, the brake band support (at the
rear of the band) will be turned forward
far encugh so that it will clear the top rear
of the clutch housing as the steering clutch
is lifted from the steering cluich compart-
ment.

N REMOVING CAPSCREW

BRAKE BAN
D

PIPE PLUG

L= Fig wRemoviag Breke Bond End Pin

7. Remove the broke band adjusting yoke, Lift
vp on the brake band lever until the pin
uttaching the lower end of the brake band
to the brake bund lever can be removed.
Push the pin towards the bevel gear com-
partment and remove. Remove the brake
band lever. Do nof remove the brake band
as it will be used in lifting the steering clutch
and broke drum assembly from the clutch
compartment.

8. Remove the capscrews altaching the steer-
ing clutch assembly to the driving hub ond
to the brake drum hub. This will necessitate
turning the steering clutch assembly and

BATTERY BOX

BRAKE BAND
ADNIUSTER

S

e =
 BRAKE BAND HINGE PIN
7

iz

o

k5
STEERING CLUTCH
i

Fig. 4 — Removing Steering Cluich

E. Disassembly of Steering Clutches

NOTE: The following disasssmbly procedure op-
plies to either steering clutch.

1. Remove the brake drum from the steering
clutch assembly, using care to preveni dam-



STEERING CLUTCH

BRAKE BAND
ASSEMBLY

ASSEMBLY BRAKE DRUM

Fig. 5 — Steering Clutch, Brake Drum, und ...
Brake Band

age to the clutch friction disc teeth.

Before discssembling the steering clutch, re-
fer to Fig. 8 and center punch or mark the
clutch pressure plate, back plate, hub, and
the throwout plate so that they con be
reassembled in their same relative position.

Remove the lockwire from the eight (8)
drilled-head copscrews used in helding the
steering clutch assembly together. Compress
the steering clutch pressure springs wsing
special tools similar to the ones shown in
Figs. 6 and 7 and remove drilled-head cap-
screws. Release the pressure from hydraulic
ram, allowing the assembly to separate until
oll tension is taken off of the steering clutch
pressure springs. The clutch throwout plate,
dises, springs, ete. can now be separated.

F. Steering Clutch Inspection and Repgirs

When the steering clutch has been disassembled,
inspect the following items:

1,

Steel Discs

The specified thickness of a steel disc when
new is 083" to .094". Inspect the discs for
wear and scoring. The dises must be flot
within 0157,

Friction Discs

The specified thickness of o friction disc
when new is .1527 to .157". Inspect the discs
for wear, condition of teeth, and scoring. If
the thickness of the friction discs is less than
125", or the teeth are in a domaged condi-
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L Fig. 6 —Steering Clutch Springs Compressed fo ..
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— Fig. 7 — Special Tool Details for Disassembly and -
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Assembly of Steering Cluich

fion, new dises must be installed.
3. Pressure Springs

Each pressure spring of the steering clutch
when new exerts a pressure of 275 o 305
pounds when compressed to 3-11/16". If a
pressure spring does not check reasonably
close to this tolerance, it is an indication that
the spring has lost its fension and a new
spring must be installed.
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Fig. 9 — Steering Clutch Assembly
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Fig. 8- Steering Clutch and Throwout Yoke Details
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4. Cluich Hub

Inspect the teeth of the steering clutch hub
for wear, as heavy grooving may cause
binding with the teeth of the steel discs.

G. Assembly of Steering Clutch

Refer to Figs. 8 and 9 showing the steering clutch
components in their relative position.

1. Lubricate the teeth of the steering clutch hub
ond the oufer diameter of the steering clutch
throwout plate sparingly with o graphite
base lubricant.

Place the special tool backing plote (shown
in Figs. 7 and 10) on a work bench and
place the clutch throwout plate, with the
pressure spring boss side up, in position on
the tool backing plate.

Place one pressure spring over each pressure
spring boss of the throwout plate and insert



a throwout plate spacer into each spring.

Place an insulating washer on the top of
each pressure spring.

Install the clutch hub in position over the
pressure springs and the insulating washers.

Insert four (4) aligning studs {shown in Figs.
7 and 11) through four (4) of the throwout
plate spacers and screw the studs into the
throwout plate.

Place the brake drum down over the clutch
hub, with the throwout plate side of the
brake drum down. Place 2" blocks under
brake drum to hold it up off of work bench.
This will position the brake drum so that all
of the clutch discs can be aligned when they
are installed on the ciutch hub,

Install the back plate in position on clutch

hub,

Stack the clutch discs (17 each — Friction and
Steel) dlternately on the cluich hub, begin-
ning with «a friction disc next to the back
plate. Check the stack height of the discs as
shown in Fig. 10; the top disc should be
97167 + or — 1/16" below the fop of the
steering clutch hub.

M%CHA_NECS

STEERING CLUTCH HUB QUARE

STEERENG CLUTCH
PRESSURE PLATE

DISC STACK

SPECIAL TGOL BACKING PLATE

AAAAAAAA .. Fig. 10 — Measuring Meering Clutch Disk
Stack Height

10. Place the clutch pressure plate in position,
making certain the punch marks are aligned,
and place the tool compressing sleeve
through the center of the pressure plate ond
down on the clufch hub as shown in Fig. 11.
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— Fig. 11 - Compressing Sieering Cluich Pressure ]
Springs to Install Capscrews

11, Insert the tool forcing screw through the fool
compressing sleeve and down through the
clutch pressure plate and turn the screw into

the fool backing plate.

12. Install the hydravlic ram as shown in Fig, 11
and compress the clutch pressure springs.
insert four {4) drilled-head capscrews and
tighten the capscrews securely.

13. Remove the aligning studs and instali the
remaining four (4) drilled-head capscrews.

Tighten all eight (8) capscrews securely.

14. Reledase the pressure from hydravlic ram and
remove the special tools. Remove the brake

drum from the clutch.

Measure the distance between the face of
the clutch hub and the flat face of the
throwout plate as shown in Fig. 12, This
measurement should be 7/32” -+ or — .065".
In case the distance is not within this speci-
fication, add o steel disc to correct; placing
the added steel disc next fo the pressure
plate,

15,



M. Steering Clutch Installation

The installation of either steering clutch may be
made by the direct reversal of the procedure out-

3. STEERING CLUTCH THROWOUT BEARING ASSEMBLIES

A, Description

Each steering clutch throwout bearing assembly
cansists of the following parts: throwout sleeve ball
bearing, bearing cage, throwout sleeve, throwout
yoke assembly, and a throwout bearing lubricating
tube. The throwout sleeve bearing is a press fit in
the throwout bearing coge and on the hub of the
throwout sleeve. The ossembly of the throwaut
sleeve and bearing is carried by the steering
clutch driving hub. The bore in the throwout sleeve
is machined fo allow a sliding fit of the throwout
sleeve on the driving hub. The clutch throwout
yoke is attached to the throwout bearing coge with
two {2} trunnion pins. Both the throwout sleeve
bearing and the bore of the throwout sleeve are
lubricated from the bevel gear compartment by
the means of a lubricating tube and wick assembly.

B, Removaol

The steering clutch throwout bearing assemblies
should be removed and the parts inspected when-
ever the steering clutches are removed.

NOTE: The following removal procedure applies
to either throwouf bearing assembly. Refer to Fig. 8
showing the componenis in their relative position.

1. Remove the steering clutch {refer to "STEER-

ING CLUTCH REMOVAL” in this Section).

2. Disconnect the upper end of the lubricating
tube for the clutch throwout sleeve bearing.

3. Unlock the capscrew, retaining the steering
clutch driving hub to the bevel gear shaft,
and remove the capscrew, lockwasher, and
the retaining washer. Using puller tools simi-
Jar to the ones shown in Fig. 13, pull the
driving hub from the bevel gear shaft. Re-
move the driving hub, throwout sleeve,
throwout sleeve bearing, and throwout yoke
as & unit,

lined under “STEERING CLUTCH REMOVAL” in
this Section. Adjust the steering clutch linkage as
explained in “STEERING LEVERS AND LINKAGE”
in this Section. oL K 5
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4. Remove the driving hub from the throwout
yoke assembly.

5. Remove the capscrews, lockwashers, locking
blocks, and the throwout yoke trunnion pins
and remove the throwout yoke.

6. Remove the throwout sleeve bearing lubri-
cating tube.

7. Place the bearing cage assembly in o press
and press the throwout sleeve and throwout
sleeve bearing from the bearing coge.

SCALE

STRAIGHT EDGE

STEERING CLUTCH

THROWOUT FLATE STEERING CLUYCH MUB

L Fig. 12— Measuring Distance Between Steering .|
Cluich Hub and Throwout Plote

£. Inspection and Repairs

1. Check the steering clutch throwout sleeve
bearing for wear, indicoted by looseness.

2. Check the components for abnormal wear
and the lubricating tube for oil leakage;
repluce the necessary parts, if the lubricating
oiling wicks, in the wick holder, have become
hard they should be replaced.

3. Effective with Tractor Serial No. 4729, a
revision wos made in the wick assembly to
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SHAFT PROTECTOR
} [CEMNTERING PLUG)

ig. 13— Pulling Steering Clutch Driving Hub

provide improved [ubrication to the steering
clutch throwout sleeve bearing assemblies,
A 25/32" diameter oiling wick was inserted
in the upper end of the wick holder and
about % of this wick is exposed above the
wick holder. This wick accumulates oil from
the bevel gear compartment and feeds oil
to the smaller oiling wick, located in the
lower end of the wick holder. When repuairs
are being made to the tractor and the wick
assembly is accessible, it is recommended to
install the late type oiling wick. Install the
wick as follows:

a. Sook the wicks in light oil until they cre
completely saturated; heat the oil if
necessary.

Work the lower wick into the wick
holder until 5/16" of the.wick protrudes
from the lower end of the holder. CAU-
TION: If the lower wick is inserfed info
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UPPER QIING WICK

CILING WICK
HOLDER

LOWER OILING WICK

- Fig. 14— Steering Clutch Throwout Sleeve Bearing
Qiling Wicks and Wick Holder

the holder by twisting, be sure fo unfwist
after the wick has been inserfed.

c. Start the upper wick into the wick
holder and push the wick down until the
lower end bottoms in the hole of the
wick holder.

D. Assembly and Installation of Steering
Clutch Throwout Bearing Assemblies

Assembly and installation of the steering clutch
throwout bearing assemblies can be accomplished
by direct reversal of the procedure explained
under “"REMOVAL” in this Section; refer to Figs. 1
and 8 when assembling. When assembling, pack
the throwout sleeve bearing with grease. Before
installing the throwout bearing assembly in posi-
tion on the driving hub, lubricate the bore in the
throwout sleeve with light engine oil. The capscrew,
used to refain the driving hub on the bevel gear
shaft, must be tightened to o torque of 300 lbs. ft.
Lock the capscrew by bending the lockwasher.
Adjust the steering clutch linkage as explained in
“STEERING LEVERS AND LINKAGE" in this Section.



4. STEERING LEVERS AND

LINKAGE

CONTROL ROD BUSHING JAM NUT
CAPSCREW YOKRE PIN
CONTROL RO .
Lgygg CONTROL ROD

%’

CLUTCH THROWOUT YOKE
OPERATING SHAFT
M

CAPSCREW

SHAFT LOWER LEVER

CLUTCH THROWOUT YCKE

A. Description

The steering lever booster assemblies are of the
spring loaded, over-center type, pivoting from the
steering lever bracket assembly aftached to the
top of the transmission case. Each booster assembly
consists of o booster spring and o booster sleeve
encased in o tube assembly. The booster spring is
compressed to a given height inside the tube
assembly and is held in position by a snap ring.
The steering lever booster assemblies assist in de-
creasing the steering lever pull when steering.
When either steering lever is pulled back ta dis-
engage o steering clutch, the action of the booster
spring trying fo reach its free height, exerts pres-
sure against the lower end of the steering levar
and decreases the manual pull required to dis-
engage the steering clutch.

Each steering lever is connected by linkage to the
corresponding control rod lever, located on the

RETAINING PIN

BUSHING
YOKE

STEERING LEVER BRACKET

DUST
SEAL g BOOSTER PIWOT ?tN
\\m
WCAPSCREW JAM, NUT
LEVER SHAFT EYE BOLT ....,g
NEEDLE —L. N
BE AREN@ BEARING CAGE

PLAIN WQSHER

HOSE CLAMP
BOOSTER BOOT

Fig. 15— Steering Levers ond Linkoge Detoils
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upper end of the clutch throwout yoke operating
shaft. The cluteh throwout yoke operating shaft is
assembled in the lever shaft bearing cage installed
in the steering housing, over the clutch throwout
yoke. A lever, located on the lower end of the
throwout operating shaft, connects the shaft to
the upper end of the clutch throwout yoke.

B. Steering Clutch Coniroel Linkage
Adjustment

The steering clutch linkage is properly adjusted
when the steering levers euch have 37 of free
travel, measured at the tops of the levers. As the
steering cluich discs wear, this free travel becomes
less and an adjustment is required when the free
travel has decreased to less than 17, Free trovel
of the steering levers is necessary to assure clear-
ance between the clutch throwout sleeve and the
clutch throwout plate and to assure full engage-
ment of each steering clutch.



VAL B R

= Fig. 16 — Measuring Steering Lever Free Travel

€. Measuring Free Travel of Either

Steering Lever STEERING CLUTC

1. Place one end of a ruler or scale against
the cowl so that it projects horizontally past
the top of the steering lever.

2. With the steering lever forward against its
stop, measure the distance from the cowl to
the top of the lever.

Pull the steering lever back until pressure is
felt, which is the point where disengagement
of the clutch begins. Note the distance be-
tween the cowl and the top of the steering
lever. The difference between the two meas-
uvrements is the free travel of the steering
lever. If this distance is less than 1" or more

L Fig. f?h-—Steering&aufch Linkage Adjustment
than 3, an adjustment must be made.

trol rod, extending from the steering lever
to the control rod lever on the clutch throw-
out yoke operating shaft.

D. Adjustment of Linkage for Either Clutch

1. Remove the seat cushion.
Remove the yoke pin connecting the steering

2. loosen the jam nut of the adjustable yoke

on the front end of the steering clutch con-
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clutch control rod to the steering lever. Turn
the yoke to lengthen or shorten the rod as



necessary fo oblain 37 of free travel ot the
top of the steering lever., When the correct
adjustment is obtained, connect the contral
rod to the steering lever and tighten the
jom nut.

4. Adjust the steering lever booster for proper
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booster action. Refer fo Fig. 15 and loosen
the hose clamp at the rear of the booster
boot. Loosen the jam nut on the eye bolt.
Turn the baoster sleeve as necessary to
obtain the proper booster action. Tighten
the jam nut on the eye bolt ond fighten the
hose clomp on the booster boot.



SECTION XIii—STEERING BRAKES

Topic Title
General Description

Steering Brake Service .

Topic No,

1. GENERAL DESCRIPTION

The two (2) steering brakes are of the foot oper-
ated, mechanically controlled, self-energizing type.
The brake band assemblies are of the wrap around,
two-piece type with removable linings. The brake
band assemblies operate on brake drums which
enclose the steering clutches.

Foot pressure applied on the brake pedals is trans-
mitted through linkage to the brake band lever
assembly. Action of the brake band lever assembly
pulls the ends of the brake band assembly together,
causing the brake band assembly to tighten around
the broke drum,

The steering brakes are used as an aid in steering
when use of the steering cluitches alone will not
provide adequate steering. Do not attempt to use

o steering broke for steering without first disen-
goging the proper steering clutch,

Steering brakes maoy be used singly or together
as service brokes to slow or stop the tractor when
working on a grade. Each steering broke assembly
is provided with a parking broke lock lever for
holding the brake pedal in the applied position for
parking purposes.

Brake pedal pads, clomped to the brake peddl
levers with eyebolts, are adjustable within limits.
The brake pedal lever shafis are supported by
sealed needle bearings in the pedal lever bracket.
The needle bearings ure grease packed at time of
assembly. Adjustable brake control rods connect
the brake pedal levers to the broke band lever

CONTROL ROD
BOQT

JAM NUT  BRAKE BAND
BAN ER

SERS;;’;FQR’ BRAKE BAND
SUPPORT MUT

: BAMD SUPPORT

ADJUSTER
BAND
ADIUSTING
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OF BRAKE BAND BAND
] END BIN

.
h %
:
%
Fy
.

BRAKE BAND HINGE PIN

CONTRCH ROR

Fig. ¥ —Steering Brake Details — left Brake
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assemblies. Each brake bond lever assembly is
attached to both ends of the brake band. A brake
pedal lever retracting spring is atfached to the
brake cantral rad ta return the brake pedal lever
ta the normal (released) position.

The brake band assembly is made up of two (2)
sections to permit easy removal and installatian,
Each sectian of the brake band is serviced sepa-
rately with lining attached, or the lining alone may
be replaced.

2. STEERING BRAKE SERVICE

Due ta variable operating conditians, specific time
intervals for brake service are not given. Each
broke will require adjusting befare the brake is
loose enaugh to allow the brake pedal lever to
strike the floor plate when the broke is fully ap-
plied. The needle bearings for the brake pedal
lever shafts do not require lubrication service as
they are grease packed and sealed. The brake
linkage pins should be lubricated with oil for ease
of operation.

Where frequent brake adjustments have been
necessary, periodically remove the steering clutch
compartment caver, located over each brake, and
inspect the brake band linings for wear. The linings
must be replaced befare they are worn to a paint
where the lining retaining rivets will contact and
score the brake drum.

A, Steering Broke Adjustment

The steering brakes are properly adjusted when
each brake pedal lever hos 1347 to 27 of free
travel. Brokes require adjustment before they are
loose enough to allow the brake pedal levers to
strike the floor plate when the brakes are fully
applied. Brakes adjusted toc tightly will couse
heating, unnecessary brake wear, and loss of
power. When brakes are foo loose they will not
hold properly and will wear rapidly becouse of
excessive slipping. To adjust each of the steering
brakes, proceed as follows:

1. Remove the brake adjusting hole cover from
the steering clutch compartment cover.

2. Adjust the brakes by turning the broke ad-
juster clockwise until the brake pedal lever
has 134" 1o 27 of free travel. NOTE: When
adjusting the brokes it is necessary fo furn
the brake adjuster in ¥ furn incremenfs so
that the lobes on the adjuster will cenfer in

the grooves of the spring loaded locking
block.

[ ——

BRAKE ADJUSTING HOLE COVERS

= o b O

iy 2 i e
| .. Fig. 2 - Brake Adjusiment Location

3. With the brake pedal lever free (pedal all
the way bock), loosen the jam nut on the
brake band support, then back off the band
support nut from its seat in the steering clutch
compartment cover. Turn the support nut
down until it contacts the seuat in the cover
and give the nut an additional % turn; this
centers the brake band on the brake drum,
Lock the support nut in this position with the
jom nut, Install the brake adjusting hole
cover.

B. Broke Linkage Adjustment

1. Remove the steering clutch compartment
cover.

2. Hoeld the broke bond lever back against the
elongated stops in the brake band bracket.
Adijust the control rod, between the brake
band lever and the brake shaft lever, to pro-
vide 1/16” clearance between the stop on
the brake pedal lever and the floor plate.

3. Install the steering clutch compartment cover,
Adjust the brokes as described in “STEER-
ING BRAKE ADJUSTMENT” in this Section.
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BRAKE ADHISTER

€. Washing Steering Brokes

When the steering brakes do not hold properly due
to oil on the broke linings, the brokes may be

washed as outlined in

"WASHING STEERING

CLUTCHES,"” Section XII.

D. Broke Band Removaol

NOTE: The following removal procedure applies
to either brake band.

1.

2.

Remaove the seat cushion and the tool box.

Remove the jom nut and the brake band
support nut,

Remove the stesring clutch compartment
cover.

Turn the brake adjuster counter-clockwise
until it is loosened from the brake band
adjusting yoke.
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Fig. 3 — Steering Broke Adjustment
5.

i

Remove the yoke pin connecting the rear
end of the brake control rod to the top of
the brake band lever.

Remove the pipe plug from the side of the
steering cluich compartment, in line with the
brake band end pin which is located in the
brake band adjusting yoke. Using a suitable
%" NC capscrew inserted through the open-
ing for the pipe plug, turn the capscrew info
the topped hole in the end of the brake
band end pin. Pull on the capscrew and
remove the pin (refer to Fig. 3, Section Xil).
Remove the broke band adjusting yoke.

Lift up on the brake band lever until the pin
attaching the lower end of the broke band
to the brake band lever can be removed.
Push the pin towards the bevel gear com-
partment and remove. Remove the brake
band lever.

Move the brake band assembly foward the



bevel gear compartment and turn the band
assembly on the brake drum so that the
brake band hinge pin can be reached for
removal,

Remove the cotter pin and the plain washer
from the inner end of the brake band hinge
pin and remove the hinge pin.

Remove the top section of the broke band
as shown in Fig. 4. Remove the boftom sec-
tion of the brake band.

E. Steering Broke Inspection and Repair

1. If the brake band linings are worn down to

the rivefs, each section of the brake band

7.

must be relined or replaced.

If the steering brake drum is worn, scored,
or grooved excessively, it must be removed
and replaced (refer to “STEERING CLUTCH
REMOVAL,” Section XIi).

Inspect the brake band end pins, linkage
yokes, yoke pins and bushings for wear.
Replace the necessary parts.

Actuate each brake pedal lever to make
certain that the pedal bracket needle bear-
ings are in good condition.

Observe the pedal bracket dust seals, lo-
cated at each end of the pedal bracket
needle bearings, for signs of excessive
grease linkage ond replace the seals if
necessary.

Before installing the steering brake band,
particularly after relining, the brake band
should be checked for roundness. Place the
steering brake band on the steering brake
drum and form the band, if necessary, with
a soft hammer and make it fit uniformly
around the brake drum.

All pins and bushings should be lubricated
sparingly when reinsfalled.

E. Bruke Baund Installation

Steering brokes may bhe installed by o direct
reversal of the steering brake removal procedure
and must be properly adjusted. Refer to “STEER-

ING

BRAKE ADJUSTMENT” and “STEERING

BRAKE LINKAGE ADJUSTMENT" in this Section.
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Topic Title
Description
Disassembly

Cleaning and Inspection

Assembly

------------------------

Topic No.

...................... 1

......................

..........
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1. DESCRIPTION

The final drives are of the double reduction type,
consisting of a pinion and shaft, intermediate
pinion and gear, track sprocket shaft and gear,
and their component parts. They are assembled in
a combination “one-piece” fabricated steel, steer-
ing clutch and final drive housing. The final drive
housings are an infegral part of the steering clutch
housing and misalignment of the bores is elimi-
nated by the use of line boring.

The final drive pinions, intermediate pinions, and
track sprocket shaffs, are mounted on tapered
roller bearings. The bearings on all of the shafts
are adjustable by means of shims. The pinion shaft
bearings and the intermediate pinion bearings, are
lubricated by oil thrown by the gears.

Replaceable type bearing cages ore provided for
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the bearing cups of the final drive pinion bearings,
infermediate pinion bearings, and for the inner
and the intermediate bearings of the track sprocket
shafts.

The final drive outboard bearings of the track
sprocket shofts are located in cages which attach
to the truck frames. The outboard bearings absorb
thrust in both directions.

The two {2) oil seal assemblies (inner and outer)
used in each final drive are of the positive type.

The final drive pinions are driven by the bevel
gear through the steering clutches; the pinions drive
the intermedicte shaft gears; the intermediate
pinions drive the sprocket shalt gears, which in
turn drive the track sprockets.




2. DISASSEMBLY

NOTE: The disassembly procedure for each final
drive is the same.

A. Remaval of Track Sprocket Shaft

1. Uncouple the track by removing the track
muaster pin {refer to Section XVIl). Move the
tractor backward unti! the top of the track

is off the track sprocket.

Drain the oil from the final drive compart-
ment,

Remove the track sprocket guard, truck
frame pivot shaft caps, and the two (2) cap-
screws attaching the truck frame outboard
bearing clamping cap. Remove the three (3)
remaining capscrews attaching the final
drive outboard bearing cage to the truck
frume. Remove the two (2) capscrews attach-
ing the equalizing spring seat to the truck
frame.

Use o juck and suitable cribbing under the
drawbar supporting plate and the equalizing
spring and raise the tractor off the truck
frame. Raise the tractor high enough so that
the track sprocket can be tipped fo clear
the truck frame when removing.

Remove the final drive outboard bearing
cover and the bearing adjustment shims;
tie the shims to the cover so that they will
not be lost. Remove the colter pin and the
outboard bearing retaining nut.

Using puller fools similar to the cnes shown
in Fig. 3, pull the final drive outhoard bear-
ing cage and bearing from the track sprocket
shaft. Use core in handling and prevent
damage to the oil seal rings.

Remove the two (2} capscrews attaching the
sprocket retaining nut lock to the sprocket
and remove the nut lock and the sprocket
retaining nut. Use care when removing the
sprocket retaining nut and prevent damage
to the oil seal ring cemented to the nut.
Using puller tools similar to the ones shown
in Fig. 4, pull the track sprocket and remove

WRENCH

QOUTBOARD BEARING
RETAIMING NUT:

g Final Drive Outhourd Bearing .
Retaining Mut

oy

CENTERING PLUG
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e
i Fig. 3 — Puiling Final Drive Outhoard Bearing __

from Track Sprocket Shaft

it from the track sprocket shaft. Use care
and do not damage or scratch the seal ring
cemented to the sprocket, and do not dom-
age the threads of the track sprocket shaft.

Remove the capscrews attaching the final
drive compartment rear cover and remove
the cover. Unlock and remave the capscrews
from the sprocket shaft gear retaining locks
and remove the copscrew locks and the gear
refaining locks. NOTE: To rotafe the frack
sprocket shaft to the correct position for
removal of the gear retaining locks, it is
necessary to tie the corresponding steering



fever back in the disengaged position. This
will hold the steering clutch in the disen-
gaged position and the sprocket shaft gear
may then be rotated to the desired position

10.

11,

HYDRAULIC PUMP

Fig, 4 Pulling Track Sprocket
for removal of the gear retaining locks.

Place suitable blocking under the sprocket
shaft gear as shown in Fig. 5, to prevent the
gear from dropping when the sprocket shaft
intermediate bearing cage is removed.

Remove the capscrews attaching the sprocket
shaft intermediate bearing cage and the seal
guard to the final drive housing, then remove
the seal quard, bearing cage, and bearing
adjustment shims. Tie the adjustment shims
to the intermediate bearing cage so that
they will not be lost. Pull the track sprocket
shoft from the sprocket shaft gear and re-
move the gear.

If it is necessary to remove the sprocket shaft
inner bearing cup, the bearing cup and the
inner bearing cage may be removed as o
unit using fools similar fo the ones shown in
Fig. 6. Press {towards the final drive com-
partment) on the track sprocket shoft inner
bearing cover until the inner bearing coge
is free of itz bore in the housing, then remove
the inner bearing cup, inner bearing cage,
inner bearing cover, and cover packing ring.
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DRAWBAR
SUPRPORTING PLATE
ADSISTING SCREW
DRAWBAR

... Fig. 6 —Pressing Track SprockeSaf! thaer
Bearing Cage from Housing
B. Removal of Final Drive Intermediate
Pinion and Gear

To remove the intermediate shaft gear lock cap-
screws, it will be necessary to turn the intermediate
shaft gear; this is accomplished by tying the cor-
responding steering clutch lever in the disengaged
position s outlined previously under track sprocket
shaft removal in this Section.

1. Unlock the capserews oitaching the two (2)
intermediate shaft gear retaining locks to
the gear. Remove the capscrews and the



capscrew locks. NOTE: The intermediate
shaft gear retaining locks cannot be removed
af this time.

2. Remove the capscrews ottaching the inter-
medicate pinion outer bearing coge to the
final drive housing. Remove the outer bear-
ing cage by using two (2) ¥’ NC pusher
screws in the two (2) topped holes in the
bearing cage. Tie the bearing adjustment
shims to the outer bearing cage so that they
will not be lost.

3. Use a sliding hammer (holding tool), similar
to the one shown in Fig. 7, to support and
to remove the intermediate pinion. Screw
the tool adaptor into the tapped hole in the
end of the intermediate pinion and pull the
pinion out far encugh to remove the intgr-
mediate shaft gear retaining locks. Remove
the intermediate shaft gear retaining locks.
Block the intermediate shaft gear in position
and pull the intermediate pinion from the
gear and remove the gear from the final
drive housing.

TOOL ADAPTOR

FHTERMEDIATE
SHAFT GEAR

pified
sk
it

ﬂfmadiafe Pinion

_Fig. 7 — Removing Final Dri

4. I it is necessary to remove the intermediate
pinion inner bearing cup, unlock and remove
the capscrews attaching the intermediate
pinien inner bearing cage to the housing.
‘Remove the inner bearing cage and the
inner betring cup as o unit,

€. Removul of Final Drive Pinion

With the track sprocket shaft and gear and the
infermediate pinion and intermediate shaft gear
removed, the finad drive pinion may be removed
as follows:

1. Remove the steering clutch from the side on
which the final drive is being disassembled
{refer to “STEERING CLUTCH REMOVAL,”
Section X

2. Remove the final drive piniom:

a. Unlock the broke drum hub retaining
copscrew. Remove the retaining cap-
screw, capscrew lock, and hub retaining
washer, Use tools similar to the ones
shown in Fig. 8 and puli the brake drum
hub from the final drive pinion. Remove
the birake drum hub,

b. Remove the capscrews attaching the
pinian shaft inner bearing cage to the
housing. Use three (3) %2 NC pusher
screws in the tapped holes in the bearing
cage, ond pull the bearing cage from
the housing as shown in Fig. 9. Remove
the pinion shaft outer bearing cage and

_ Fig. 8 - Pulling Brake Drum Hub
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the bearing adjustment shims. Tie the
adjustment shims 1o the outer bearing
cage so that they will not be lost.

FinAL DRIVE PINIOM SHAFT

c. Pull the final drive pinion into the steer-

PINION SHAFT INNER BEARING CAGE
ing clutich compartment and remove. '

S

Fig. 9 — Pulling Fincl Drive Pinion Sﬁ&ﬁ““
Inner Bearing Cage
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3. CLEANING AND INSPECTION

Clean and inspect all the parts thoroughly as de-
scribed in pertinent poges in “GENERAL MAIN-
TENANCFE INSTRUCTIONS,” Section XXL. Replace
or recondition any damaged parts before assem-
bling the final drive.

If replacement of the final drive ouiboard bearing
is necessary, use tools similar to the ones shown in
Fig. 10 to pull the bearing from the bearing cage.

if replocement of the bearings on the final drive
pinion or the intermediate pinion is necessary, use
tools similar to the enes shown in Figs. 12 and 13
to remove and install the bearings.

¥ replacement of the track sprocket shaft inner
and intermediate bearings is necessary, use tools
similar to the ones shown in Figs. 14 and 15 to
remove and install the bearings on the shaft.

i the track sprocket shaft inner bearing cage and
cover were removed for replacement of the inner
bearing cup, use tools similar to the ones shown
in Fig. 11 to install the inner bearing cage ond
cover in the final drive housing.

IMPORTANT: When installing the final drive bear-
ings an their respective shafts, make cerfain the
bearings are pressed tightly against the shoulders
on the shafts.

QUIBOARD BEARING

H YERAU{%C
FORCING SCREW

. ;
- PUSH-PULLER .
PULLER LEG HYDRAULIC BURP
SHANK ADAPTOR

PUSH-FULLER

STEP PLATE HYDRAULIC
AN

ADJUBTING
CRARK

SPROCKET SHAFT
[HFER BEARING
AGE
FORCING

PULLER tEG SCREW

7 LEG ADAPTOR )

HYDRAULID FUMP

st

‘. Fg. ¥1 —Installing Track Sprocket Shaff Inner
Beoring Cage and Cover

BEARING PULLER ATTACHMENT ___

FINAL DRIVE
PULLER
PINION LEG

na, FORCING SCREW
{ PUSHPULLER Yany  ADJUSTING

PIRICON
SHAFT

HHNER
BEARING
PINION SHAFT
OUTER BEARING

SHAFT PROTECTOR ICENTERING PLUG)

. Fig. 10 .- Pulling Final Drive Qutboard Bearing ..
from Quithoard Bearing Cage

_ Fig. 12 Pulling Pinion Shaft Quter Bearing frem _
Finad Drive Pipian
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PINION SHAFT QUTER BEARING

PINION SHAFT \

INNER BEARING [ PULLER (PUSHPULLER
i ADJUSTING
CRANK

FLATE Lyvpraltc Ram
FINAL DRIVE PINION

BEARING PULLER HYDRAULIC PUMP
ATTACHMENT

..Fig. 13 - Instulling Pinian Shaft Outer Bearing on.)
Final Drive Pinion

BEARING PUELER ATTACHMENY

INNER PULLER LEG PUSH.PULLER
BEARING

PULLER LG
EXTENMSION

L2
INTERMEDIATE
BEARING

i FoRONG
i SCREW
HYDRAULIC

P

TRACK SPROCEET
SHAFT HYCRALILIC

SHAFT PROTECTOR [CENTERING PLUGH

b Fig. 14— Pulling Intermediate Bearing from ...
Treoek Sprocket Shofi

BEARING PULLING ,
ATTACHMENT SHAFT PROTECIOR iCEMTE??MG PLUC

POLLER [ oliskpuiieg §
ADAPTOR

S ADIUSTING
7 CRANK

S\

INTERMEDIATE
BEARING

!'NNER BEARING PULLER LEG EXTERSION

Fig. 15— installing Intermediate Bearing on____|
Track Sprocket Shaft
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4. ASSEMBLY

NOTE: The assembly procedure for each final drive
is the same, Refer to Figs. 16, 17, and 18 when
assembling the final drive.

Before assembling the final drive, the track sprocket
shaft and the intermediate pinion bearings should
be adjusted correctly without the gears installed.
Proceed as follows:

A, Adjustment of Final Drive intermediate
Pinfion Bearing

1. Install the intermediate pinion inner bearing
cup in position in the inner bearing cage.
Install the inner bearing cage in the housing
and install the atfaching capscrews and cap-
screw locks, Lock the capscrews securely with
the capscrew locks.

2. Lubricate the intermediate pinion bearings
and insert the infermediate pinion (without
the intermediate shaft gear} into position in
the housing. Install the outer bearing cup
in the outer bearing cage. Install the outer
bearing cage in the housing, using the
original amount of bearing adjustment shims.
Install the outer bearing cage attaching
CapPSCrews.

3. The intermediate pinion bearings are cor-
rectly adjusted when they have .002" to
004" pre-load. Add or remove bearing
adjustment shims until a very slight pre-load
(start of pre-load) is noted when turning the
intermediate pinion, then substitute the com-
bination of shims to reduce the total shim
pack thickness .002” to 004" to obtain the
proper pre-load. When adjusting, bump the
outer bearing cage to make certain the bear-
ings are properly seated.

4. Remove the outer bearing cage, as described
previously in “"REMOVAL OF FINAL DRIVE
INTERMEDIATE PINION AND GEAR.” Keep
the bearing adjustment shims with the outer
bearing cage. Remove the intermediate
pinion using a tool similar to the one shown
in Fig. 7. IMPORTANT: Keep the beuarings
clean,

B. Adjustment of Track Sprocket Shaoft
Bearings

1. Install the inner bearing cover packing ring
{Neoprene} in position on the sprocket shaft
inner bearing cover. Start the inner bearing
cover and pocking ring in position in the
bore of the final drive housing. Install the
inner bearing cup in position in the sprocket
shaft inner bearing cage and press the inner
bearing cage and cover into position in the
final drive housing using tools similar to the
ones shown in Fig. 11.

2. Llubricate the track sprocket shaft bearings
and insert the track sprocket shaft {without
the sprocket shaft gear) into position in the
housing. Install the intermediate bearing cup
in the sprocket shaft intermediate beoring
cage. Install the intermediate bearing coge
and cup, using the original amount of bear-
ing adjustment shims. Install the intermediate
hearing cage aftaching capscrews.

3. The spracket shaft bearings {inner and inter-
mediate) are correctly adjusted when they
have .002” to .003"” pre-load. Add or remove
bearing adjustment shims until a very slight
pre-load {start of pre-load) is noted when
turning the track sprocket shaft, then sub-
stitute the proper combination of shims to
reduce the total shim pack thickness .002%
ta .003" to cbtain the proper pre-load. When
adjusting, bump the track sprocket shaft to
moke certain the bearings are properly
seated,

4. Remove the track sprocket shaft intermediate
bearing cage and bearing adjustment shims.
Keep the bearing adjustment shims with the
intermediate bearing cage. IMPORTANT:
Keep the beorings clean.

C. Instullation of Track Sprocket Shaff
Seal Assemblies

If the seal assemblies for the track sprocket shaft
were removed, the seal assemblies (Figs. 18 anc
20} should be installed at this time so that the
“NEOPRENE” cement, used for cementing the sea
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assemblies in place, will have sufficient time to dry.

1. Teo Instull the Inner Seal Assembly
(Fig. 18)

=

Place the frack sprocket shaft interme-
diate bearing cage on a clean bench,
with the flat face of the bearing cage up.

Maoke certain the inner seal follower
assembly, inner seal boot, and the inner
seal ring (stationary ring) are clean and
dry. Install the inner seal boot on the
inner seal follower, lining up the holes
in the seal boot with the protruding pins
of the follower assembly. Hold each lip
of the seal boot out and coat the inside
of the lips and the sides of the inner seal
follower assembly with "NEOPRENE”
cement. Press the boot lips back in place
ogainst the inner seal follower assembly.

Coat the outer face of one lip of the
inner seal boot and the machined face
of the intermediate bearing coge with
“NECPRENE” cement. Immediately
place the seal boot and inner seal fol-
lower assembly in position on the inter-
mediate bearing cage, inserting the ends
of the follower pins info the correspond-
ing holes in the intermediate bearing
cage.

Coat the face of the outer lip of the
seal boot and the back face of the inner
seal ring with “MEOPRENE" cement.
Immediately place the inner seal ring on
the seal boot and follower assembly,
inserting the ends of the follower pins
into the corresponding holes in the inner
sedl ring.

Place a weight on the inner seal ring,
using a clean cloth between the weight
and the seal ring, and allow the “NEQ-
PRENE” cement to dry and set thor-
oughly.

NOTE: When coaling the above paris
with “NEQOPRENE” cement, do not use
an excessive amount, The “NEQPRENE"
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cement and solvent for thinning con
be purchased from your nearest “Allis-
Chalmers” Dedler,

Clean and dry the inner machined sur-
face of the frack sprocket and the other
inner seal ring thoroughly. Coat the
machined surface of the track sprocket
with “NEOPRENE” cement and imme-
diately install the inner seal ring gasket
in position on the track sprocket. Coat
the outer surface of the inner seal ring
gasket with “NEOPRENE” cement and
immediately install the inner seal ring
{rotating ring) on the track sprocket, in-
serting the seal driving dowels in the
sprocket into the corresponding holes in
the inner seal ring. Place o weight on
the inner seal ring, using a clean cloth
between the weight and the seal ring,
and allow the “NEOPRENE” cement to
dry and set thoroughly.

2. To Install the Outer Seal Assembly
{Fig. 20)

.

b.

Place the frack sprocket shoft outboard
bearing cage on o clean bench, with the
cap attaching side aof the bearing cage
down.

Make certain the inner surface of the
outboard bearing cage, the outer seal
follower assembly, outer seal boot, and
the outer seal rings are clean and dry.
Install the outer sedl boot on the outer
seal follower assembly, lining vp the
holes in the boot with the protruding pins
of the follower assembly. Hold each lip
of the seal boot out and coat the inside
of the lips and the sides of the outer seal
follower assembly with “NEOPREMNE”
cement. Press the boot lips back in place
against the outer seal follower assembly.

Coat the outer face of one lip of the
outer seal boot and the machined fuce
in the bottom of the counterbore in the
outboard bearing cage with “NEO-
PRENE" cement. Immediately place the
seal boot and outer seal follower as-



sembly into position in the outboard
bearing cage, inserting the ends of the
follower pins into the corresponding
holes in the outboard bearing cage.

d. Coat the face of the outer lip of the
outer seal boot and the back face of the
outer sedl ring with “NEOPRENE” ce-
ment. Immediately place the outer seal
ring on the seal boot and follower as-
sembly, inserting the ends of the follower
pins into the corresponding holes in the
outer sedl ring.

e. Place a weight on the outer sedl ring,
using o clean cloth between the weight
and the seal ring, and allow the “NEQO-
PRENE"” cement to dry and set thor-
oughly.

f. Coat one side of the outer seal ring
gasket and the outer face of the sprocket
retaining nut with “NEOPRENE” cement.
Install the outer seal ring gasket in posi-
tion on the sprocket retaining nut. Coat
the outer side of the outer seal ring
gasket and the back face of the other
outer seal ring with “NEOPRENE" ce-
ment, and place the outer seal ring on
the sprocket retaining nut, lining up the
holes in the seal ring with the dowels
in the nut.

g. Place a weight on the outer seal ring,
using a clean cloth between the weight
and the seal ring, and allow the “NEQ-
PRENE"” cement to dry and set thor-
oughly.

NOTE: When coating the above parts
with “NEQPRENE"” cemenf, do not use
an excessive amount.

bearing cage retaining capscrews at this
time.

Lubricate the pinion shaft bearings, lower
the pinion into the steering clutch compart-
ment, and insert it into position in the final
drive housing.

Install a brake drum hub oil seal in position
in the pinion shaft inner bearing cage, with
the sealing lip of the oil seal toward the
pinion. Install the pinion shaft inner bearing
cup in position in the inner bearing cage.

Use a new gasket and install the pinion shaft
inner bearing cage in position in the housing
and tighten the capscrews for both bearing
cages. Bump the outer bearing cage to make
certain the bearings are properly seated.
Turn the final drive pinion to determine the
bearing pre-load.

The pinion shaft bearings are correctly ad-
justed when they have .002” to .003” pre-
load. Add or remove bearing adjustment
shims until a very slight pre-load (start of
pre-load) is noted when turning the pinion,
then substitute the combination of shims to
reduce the total shim pack thickness .002" to
.003" to obtain the proper pre-load.

Install the brake drum hub, sealing washer,
hub retaining washer, hub retaining cap-
screw lock, and the hub retaining capscrew.
Tighten the retaining capscrew to a torque
of 300 lbs. ft. and lock the capscrew securely
with the capscrew lock.

Install the steering clutch and steering brake
(refer to “STEERING CLUTCH INSTALLA-
TION,” Section XII).

E. Installation of Final Drive Intermediate
D. Installation and Bearing Adjustment of Pinion and Gear

Final Drive Pinion

Install the pinion shaft outer bearing cup in
position in the outer bearing cage. Install the
outer bearing cage in the bore of the hous-
ing, using the original amount of bearing
adjustment shims between the bearing cage
and the housing. Do not tighten the outer
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Place the intermediate shaft gear in the
housing, with the gear lock attaching holes
in the gear toward the outer side of the
housing. Block the gear in place with suitable
blocking. Lubricate the intermediate pinion
bearings and insert the intermediate pinion
into position in the housing and the inter-



OUTER BEARING
OUTER BEARING CUP

OUTER BEARING
CAGE
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Fly. 16 —~Final Drive Pinion Shaft Defoils
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QUTER BEARING Cup

GUTER BEARING
CAGE

CAPSCREW

OUTER SEARING
BEARING ADJUSTMENT SHIMS

CAPSCREW [OCK
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Fig. 17 —Final Drive Intermediate Pinjfon ond

GEAR RETAINIMNG LOCK
INMER BEARING Cup

INMER BEARING

CAPSCREW
LOCK

INTERMEDIATE PINION GEAR

Gear Detoils

mediate shaft gear.

Working through the opening in the rear of
the final drive housing, use a bar and raise
the intermediate pinion and gear so that the
outer bearing coge can be installed. In-
stall the outfer bearing cage in the housing,
using the correct amount of bearing adjust-
ment shims as determined previously in
“INTERMEDIATE PINION BEARING ADJUST-
MENT.” When installing the outer bearing
cage, install it in the housing just for enough
to start the attaching capscrews. Use a bar
and move the intermediate pinfon out
against the outer bearing cage. Insert the
two (2} gear retaining lacks in ploce in the

groove in the pinion, then move the pinion
back until the locks are against the gear
and install capscrews and capscrew locks to
secure the gear retaining locks to the gear.
Tighten the capscrews securely and lock the
capscrews with the capscrew locks,

3. Tighten the capscrews to secure the outer
bearing cage to the housing.

F. Installation of Track Sprocket? Shafi

1. Install the sprocket shaft gear {with the
tapped holes for the geor retaining lock
attaching capscrews toward the inner beor-
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ing cup) in the housing and block the gear
in position.

place) on the track sprocket shaft. Coat the
back face of the sprocket retaining nut (face
which contacts the sprocket) with gasket

2. Lubricate the track sprocket shaft bearings cement or sealing compound. Make certain
and insert the track sprocket shaft into the the oil holes in the track sprocket retaining
bore in the housing and the gear. Push the nut are not obstructed with the gasket cement
track sprocket shaft in so that the inner or sealing compound, then install the nut.
bearing is in position in the inner bearing Tighten the sprocket retaining nut fo a torque
cup. Install the track sprocket shaft interme- of 3500 to 4000 lbs. fi. This may be occom-
diate bearing cage, with the seal assembly plished by using the reduction of the trans-
oftached, and the seal dirt guard in place mission and final drive when tightening. With
on the housing, using the correct amount of the opposite steering clutch lever held in the
bearing adjustment shims as determined disengaged position, proceed as follows:
previously in “TRACK SPROCKET SHAFT
BEARING ADJUSTMENT.” Tighten the cap- a. Remove the floor plate.
screws fo secure the infermediate bearing
cage to the housing. b, When tightening the left sprocket re-

taining nut, place o wrench on the

3. Position the sprocket shaft gear on the shoft retaining nut and place a block of wood
so that the gear retaining locks may be in- between the wrench handle and the top
stalled, Install the gear retaining locks, cap- of the truck frame to held the wrench in
screws, and capscrew tocks. Tighten the cap- position. When tightening the right
screws and secure with the capscrew locks. sprocket retaining nul, place a wrench
Install the final drive compuartment rear cover en the retaining nut and place o block
gasket, cover, and fighten the aftaching of weod en the floor {in buck of tractor)
COpSCrews. so that the wrench handle may rest on

the block.

4, Lubricate the mating surfoces of the oil seal
rings of the inner seul assembly, then instoll c. Shift the transmission into “LOW* gear.
the track sprocket (with the sedl ring in Make certain the engine clutch operat-

INTERMEDIATE BEARING CAGE CAPSCREW
TRACK SPROCKET CAPSCREW LOCK
SPROCKET RETAIMING GEAR RETAINING LOCK
dl INMER SEAL RING INTERMEDIATE BEARING Cup
INNER SEAL
BGOT TRACK SPROCKET SHAFT
.
SPROCKET SHAFT GEAR e
CAPSCREW BEARING COVER
PACKING
GASKET i?gﬁg@%ﬁ INTERMEDIATE BEARING e
BEARING CAGE
CAPSCREW ASSEMBLY BEARING ADJUSTMENT SHIMS SETSCREW

SPROCKET RETAINING
MUY LOCK

SEAL GUARD

Fig. 18- Trock Sprocket Shoft Detoils

INNER BEARING
CAGE
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ing lever is in the disengoged position.

tise o 24-inch pipe wrench, chain
wrench, or o suitoble bar to turn the
drive shaft universal joint assembly. Use
a spring scale attached to the end of the
wrench handle, turn the universal joint
counter-clockwise {viewed from seat) to
tighten the right sprocket retaining nut.
Turn the universal joint clockwise (viewed
from seat) to tighten the left sprocket
retaining nut. Turn the universal joint
until o pull of 17 to 19 pounds is indi-
cated on the spring scale attached to the
end of the 24-inch pipe wrench as shown
in Fig. 19. This will impose a torque of
3500 to 4000 lbs. ft. on the sprocket
retaining nut. NOTE: During this tighfen-
ing procedure, sirike the sprocket, as
near to the hub as possible, with a sledge
hammer fo make certain the sprocket is
properly seated on the shaft,

The fellowing is the approximate pounds
pull required on the spring scale when
using various length wrenches or bars
to turn the universal joint to tighten the
sprocket retaining nut.

Wrench-Feet* Bounds-Pull

] 34-38
1% 25-28
2 1719

*NOTE: Distance from center of universal
joint to point on wrench to which spring

o
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- Fig. 19 —Turning Drive Shaft Universol Joint
Assembly to Tighten Track Sprocket Retaining Nut

scale is attached,

e. Install the sprocket retaining nut lock
and the lock attaching capscrews.

f. Install the floor plate.



BEARIMG ADJUSTMEMT SHIMS
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G. Installation of Sprocket Shaft
QOuthoard Bearing

1. With the outer seal assembly and the out-
board bearing in place in the ocutboard
bearing cage, install the bearing cage on
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CAGE SPACING SHIMS

Fig. 20— Sprocket Shaft Outboard Bearing and
Outer Seal Detuils
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SPROCKFET RETAINING NUT

the track sprocket shaft using special tools
similar to the ones shown in Fig. 21, NOTE:
The bearing installing sleeve shown in Fig, 21
is machined from o piece of steel tubing to
the following dimensions: I.D. 2-1/16", O.D.
214", length 214", Press the outboard bearing
cage ond bearing assembly onto the sprocket
shaft to a position allowing .050" fo 060"
clearance between the two (2) outer oil seal
rings. IMPORTANT: Do not aflow the two (2)
seal rings to contact, as this will cause ¢ drag
between the seal rings, thus o folse reading
will be obfained when checking the adjust-
ment of the outboard bearing.

Lubricate the outboard bearing with clean
oil. Install the outboard bearing cover, using
the original amount of bearing adjustment
shims.

The autboard bearing must be adjusted for