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This manual is prepared to provide the customer and the maintenance
personnel with complete information and instructions on the mainte-
nance of the Model HD20H 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 tractor, 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 maintenance operations.

All information and photographs shown throughout this manual are
of the “Standard” Model HD20H Tractor. B
Sections | through XIX of this manual contain a detailed description 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 on these parts.

General Maintenance Instructions are given in Section XXI, and Fits

and Tolerances in Section XXIl.

Trouble Shooting Information given in Section XXIII will aid in deter-
mining the cause of operating irregularities and tells what may be
done to correct them.

To assure the best results and to 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 Serv-
ice Department for all work other than routine care and adjustment.

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 fo render satisfactory service. -
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SECTION ;.I—DESCRIPTION AND SPECIFICATIONS

Topic Title

General Description . ..

General Specifications

Specifications of Lubricants
Specifications of Fuel Oil
Fuel Storage .........

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

Tractor and Engine Serial Nuﬁnbgré;,.

1. GENERAL DESCRIPTION

The description given herein and the information

contained in this manual pertains fo the Model
" HD20H Tractor (Standard Model).

The Model HD20H Tractor is a 41,000 pound, track-

type tractor powered with a 6 cylinder, 2 cycle
“DIESEL” Engine. Power from the engine is trans-.
mitted through a single plate, over-center type

engine clutch into the Torque Converter which au-

‘tomatically multiplies the engine torque to meet

the varying load requirements and fransmits the
power through a universal joint drive shaft assem-
bly to the transmission.

From the transmission, the power is transmitted to
the bevel gear and from the bevel gear to two
multiple disc steering clutches (one on each side of
the bevel gear cross shaft), thence through the
steering clutches to the final drives and to the track

sprockets.

The 1rans_rﬁission provides 2 forward speeds rang-
ing from 3 M.P.H. in low gear to 7 M.P.H. in high

‘gear and a reverse speed of 5.5 M.P.H. under full
- governed engine speed of 1700 R.P.M.

Hydraulic steering clutch controls, mechanical self
energizing brakes, adjustable and wide operator’s
seat, and unobstructed vision of the front of both
tracks assure easy operation of the tractor.

The tractor is equipped with hydraulic steering con-
trols; 24 inch track shoes; a hinged radiator gudrd;
a full width crankcase guard, a front pull hook,
truck wheel guards; track idler guards; sprocket
guards; front bumper; electric starting and light-
ing equipment; and positive seal truck wheels, track
idlers, and track support rollers.
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Fig. 1 — Model HD20H Tractor




Fig. 2 — Sectionalized View of HD20H Tractor
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2. GENERAL SPECIFICATIONS

GENERAL SPECIFICATIONS:

Overall Length ... .. . e e e e e e 15 ft. 10% in.
Overall Height (without stacks) ....... ... . i i i i et i e i 7 ft. 10-5/16 in.
Overall Width .............. e et et e e e et e 9 f. 1% in..
Turning RadiUs ... .o i i i et et e e 10 ft. 2% in. -
Ground Clearance .. ...ttt i e e e e e e e 16% in.
Drawbar Height (center line of jaw) ... .. .o i e s e 19% in.
Lateral Drawbar Movement .. ... ... ..ottt e et tn e asaetaarseasiasaneneanenneans 44 in.
Shipping Weight (Qpproximate) ... ... ...ttt i i it i it e 41,000 lbs.
Length of Track on Ground (center of Drive Sprocket to center of Track idler)........................ 8 ft. 10% in.
Width of Standard Track Shoes ..............:. S S 24 in.
Maximum Width Track Shoes .. ..o v it i it it e et ettt an et ae it ianans 34 in.
Maximum Width Track Shoes Available . ... ... . v i i e i et ittt i anens 28 in.
Ground Contact Area (standard shoes) ....... vt e e e e et 5118 sq. in.
Number of Track Shoes per Track .................. SN e e et e 37
Ground Pressure per Sq. In. (standard shoes) . .. .. P 8.1 Ib.
Tread Width (center-to-center of tracks). . ........................ e i 84 in.

TRACTOR SPEEDS:

GEAR RANGE 4 o AVAILABLE SPEED
low ... il N 0 to 3.0 M.P.H.
High ... .... . i Y 0 to 7.0 M.P.H.
Reverse ........ e e e e et e e 0 to 5.5 M.P.H.
ENGINE:
Make ... .. v e e e General Motors Diesel
YR ottt e e e e e e Two Cycle
Number of Cylinders ... ... .. i i et e e i e e e i 6
BOre ....ciiiiiiiiiiiiaas e e e 5 in.
SHOKE L e e e e e e e i 5.6 in.
Piston Displacement - . ... . i i e e e e e e s 660 cu. in.
Engine Speed (governed at full load) ......... .. ... i, et 1700 R.P.M.
Maximum Net Torque . ... ..ot e e i et e 679 ft. Ibs. @ 800 R.P.M.
T oY 2 T 1= 4T e ..Forced Feed
Fuel Used ... .. i i i i i e i e e No. 1 or No. 2 Diesel Fuel
Fuel Supplied by .. ... i i 80 cu. mm. Unit Injectors

TORQUE CONVERTER:

MK e e e e e et Twin Disc
Y = = ....Three Stage
Torque Ratio Increase .......... ... ..., PP 4.5 to 1
Fluid Used ... ... i i it e i PR Diesel Fuel
Fluid Supplied ....... ... i Directly from Engine Fuel Return Manifold Under Pressure

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

Cooling System .........cciiiriiirneiiiiiiiiin., R O 15 Gals.
Crankcase and Filters . ... oottt ittt et ittt e tat e ananans e 72 Gals.
TranSMISSION CaSE . . ti e ittt ittt eeieeeneneaoaeeasnsnnnsasesssssssonssnaionsuensosasscenns .9% Gals
Final Drives (each) .................... R P 7%z Gals
Fuel Tank and Converter System ....................... Y 130 Gals
Useable Fuel Tank COpacity ... .eueeiueroireuiintreeeeeeeasssoeisaaasnsaseesstoansananoncnss 120 Gals
Track Release Housing (each) . ... ..ottt i i ittt e 5% Gals
Air Cleaner (each) ... .o i i ittt e e i, (approximate) 12 Gals.
Hydraulic Steering System . ... ...ttt i i e e 2% Gals

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

7




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 viscosity:

Atmospheric

Temperature Viscosity

Above 32°F. Use SAE 30
0°F. to 32°F. Use SAE 20W -
0° F. and below Use SAE 10W

Manufacturers of lubricants recoghize 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 results obtained
from their products.

" The outstanding lubricating requirements for ef-

ficient operation of the engine are: The maintain-
ing of piston rings in a clean, free condition; ab-
sence of hard carbon and “varnish” deposits on or
within engine parts; the prevention of bearing cor-
rosion; and the promotion of general cleanliness
within the engine..

Proper operation and maintenance of the engine is
necessary to obtain the desired results from the lu-
bricating oil. Operating and maintenance factors
can be effectively controlled by the engine user.

B. Transmission and Final Drive
Lubricant

Lubricate these assemblies with any good grade
of engine oil purchased from a reputable oil com-
pany. Use oils with the following viscosity:

Atmospheric

Temperature Viscosity

Above 32°F, Use SAE 50

32° F. and below Use SAE 30

C. 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 Company.

The type of grease used for lubricating these as-
semblies was selected because of its good pumpa-
bility and cold temperature characteristics and
because of its having a minimum effect on the rub-
ber seal boots. It is also an extremely stable grease
and will not deteriorate excessively with long use.

A revised list of tested greases is issued every six
months and greases which have been approved by
the Allis-Chalmers Manufacturing Company during
each period are added to the list. Ask your near-
est “Allis-Chalmers” authorized Dealer for the lai-
est list.

D. Hydraulic Steering System

Use an engine oil of the same viscosity as is used
in the engine. “DIESEL"” engine oil may be used
provided it does not foam. The viscosity of the oil
is to be determined by the prevailing temperature.
When operating in extremely low temperature,
when SAE 10W oil is too heavy to function prop-
erly, the oil may be thinned by the addition of kero-
sene or fuel oil. Contact your local ““Allis-Chalmers”
Dealer for further information.

E. Track Release Housing Lubricant

Lubricate with SAE Engine oil

F. Pressure Gun Lubricant

Use a ball and roller bearing lubricant with a mini-
mum melting point of 300° F. This lubricant should
be in a viscosity range so as to assure easy han-
dling in the pressure gun at prevailing air tem-
perature. The ball and roller bearing lubricant must
be waterproof.

i
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4. SPECIFICATIONS OF FUEL

Use No. 1 “DIESEL” Fuel purchased from a rep-
utable oil company. In warm weather, No. 2 “DIE-
SEL” Fuel may be used. This fuel must be within the
classification limits as established by the American
Society for Testing Material, Tentative Diesel Fuel
Oil Specifications (ASTM — D975).

For longer engine life and better performance,
fuel requirements must comply with four basic qual-
ifications:

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 engine fuels are com-
pletely distilled, they leave the refinery in clean
condition. Transport and subsquent storage ac-
count for the addition of most foreign matter found

in the fuel. |

Of the chemical contamination, the most objection-
able are free sulphur and gum, which, even in rel-
atively small quantities are largely responsible for. -
harmful internal engine deposits. The fuel must
also be 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 the lighter types of fuel in the No. 2-D grade
of the ASTM D-975 “DIESEL” Fuel Oil Specifica-
tions are satisfactory. The 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. However,
prolonged use of fuel combining low ignition qual-
ity (less than 45 Cetane Number) with high boiling
temperature (more than 675° F. end point) should
be avoided, particularly in cold weather.

CAUTION: The sulphur content of “DIESEL" Fuel
should be as low as possible. For normal tempera-
ture conditions, the fuel should contain less than
0.5% sulphur. For cold weather operation, fuel
with less than 0.3% 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 con-
taminate the fuel. Contaminated fuel will clog the
filters and eventually damage the fuel pump and
injectors.

A portable storage tank provides the best method
for storing fuel on the job: In a tank, the sediment

- and water can easily be drained and the fuel can

be pumped into the tractor fuel tank with a mini-

‘mum of handling. Consult your local “Allis-Chal-
-mers” Dealer for details about this type of storage
, tank. Since condensation will occur in the tank it is

very important that a sediment sump be provided in
the bottom of the storage tank where the water

“and ‘settlings can be drained daily.

',Fbel should be allowed to settle at least 48 hours
~in the storage container before it is put in the fuel
“tank of the tractor. It is advisable to. use a pump

and draw the fuel from the tank or barrel rather
than to drain it from the bottom. of the container

by means of a faucet or through the bung hole.

Where conditions are such that drums must be used
to supply fuel, it is advisable to have enough drums
to allow sufficient time for the fuel to settle. The
fuel should be used only to within about three
inches from the bottom. The fuel thus left in a
number of drums can be collected into one drum
and used after the usual time allowed for settling.
In this manner, the sediment and foreign matter

~will:be disposed of and no fuel will be wasted.

Whenever drums are used for storage, they should
be covered or placed under shelter to prevent the
fuel from:becoming contaminated by water which
will enter through the filter ‘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 in the morning.
This will reduce the water content, as a full tank is
less subject to condensation. The fuel tank is pro-
vided with a drain elbow and drain cock. Sediment
will settle into this elbow and can be drained.

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

t

On all parts orders and in all correspondence rela-
tive to the tractor, it is necessary that both the trac-
tor and the engine serial numbers be given. This
will properly identify the particular machine and
will assure obtaining the correct replacement parts

The tractor serial number is stamped in the rear

face of the steering clutch housing near the upper
right corner and is also stamped on a small serial
number plate attached to the cowl.

The engine serial number is stamped in the upper
left rear corner of the cylinder block near the gov-
ernor.
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SECTION II—ENGINE FUEL SYSTEM

Topic Title

Description of System . ..
Checking Fuel Supply System ........
Fuel Tank and Drain Elbow
Fuel Filters ............
Fuel Pump ............
Fuel Injectors ..........
Injector Copper Tubes . ..
Fuel Manifold .........

...........

Topic No.

........... 1
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1. DESCRIPTION -OF SYSTEM

The engine fuel system consists of the fuel fan
first stage fuel filter, fuel pump, second stage fuel
filter, injectors, fuel lines, fuel pre‘ssure gage, and
return line filter. The fuel is drawn from the bot-
tom 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, through the mlef fuel ‘manifold on top
of cylinder head, and into the |n|ecfors As the fuel
enters. each injector, it passes through a small
porous 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 filter and enters the return fuel

mquold.

From the return fuel manifold, the fuel passes
through the torque converter. The fuel then circu-
lates through a cooling radiator (for the torque
converter), and is returned to the fuel tank. A filter
and restrictor assembly, connected in the fuel re-
turn line and located on the lower left side of the
radiator, filters the returning fuel and maintains
pressure of 35 to 55 pounds within the system.

The continuous circulation of fuel through the in-
jectors helps to cool them and also eliminates the
possibility of air pockets in the converter and en-
gine fuel supply system.

FILTER ASSY, RESTRICTOR

¥ | -———
”J L TORQUE CONVERTER
’ OIL RADIATOR o

INJECTORS

FUEL PRESSURE
" GAUGE

—_—

FUEL FILTERS

“ FUEL PUMP

TORQUE CONVERTER

“Fig. 1 — Schematic Fuel Flow Diagram
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2. CHECKING FUEL SUPPLY SYSTEM

A. General

Under normal conditions, with the engine running
at full throttle, 35 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 o loss
of power are indications of insufficient fuel supply
to the injectors. To determine the cause for the
above conditions check for the following:

a. Air being drawn |mo system on suction side
of pump.

b. Clogged fuel filter elements and fuel lines.
c. Clogged injector fuel filters.
d. Inoperative fuel pump.

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

B. Check for Admission of Air Into System
and for Clogged Filter Elements and
Fuel Lines

To check for air being admitted into system, follow
the same procedure as used in checking the flow of
fuel through the system. If air is entering the fuel
system, foam or bubbles will be observed in the
fuel that emerges from the fuel return line. Correct
this condition by tightening any loose fuel lines and
filter connections between the fuel pump and the

fuel tank. Start the engine and test for smooth op-

eration and full flow of fuel.

If fhé fuel lines or filters are clogged, remove the
fuel lines, clean both filter chells and install new
eléments. Also remove and clean fhe fuel return line
filter, located in the fuel return line at the left side
of ‘the radiator. Blow out the lines while’ they are
dlsconnected This should ellmma’re the difficulty.

13

Check for full flow of fuel after the engme is again
started.

C. Check for Clogged Injector Filters

If engine still runs “ragged” with suitable fuel re-
turn, the injector filters for one or more of the
cylinders may be partially clogged. Locate the in-
jector which is not functioning properly.

Flg. 2 ’ Locafmg Faulry In,ector =

Run the engine at idling speed ‘and cut out each
injector in turn by holding the injector follower
down using an injector “cut-out” tool, as shown in
Fig. 2. A decrease in engine speed with the follow-
er held down will indicate that the injector for that
cylinder- is functioning properly. CAUTION: Do not
allow “cut-out” tool to slip off follower ‘as damage
to valve assemblies can easily result. If the engine’
speed does not decrease-with thé follower held
down, the injector is inoperative and should be
removed for inspection. Before removing the in-
jector, determine whether or not the faulty injector
is obtaining sufficient fuel. Stop the engine and re-
move the fuel feed line that connects the injector
to the return fuel mamfold Hold a finger over the
injector fuel outlet and crank the engine with the
starter. If fuel gushes from ‘the  in’ ectonf while
the starter is cranking the engine, an ample fuel
supply is indicated. . = .
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D. Check for Inoperative Pump

Assuming that there is a sufficient supply of fuel in
the fuel tank, and that fuel is reaching the fuel
pump, loosen the air vent screw in the top of the
second stage fuel filter. With the engine running,
the fuel should gush from the opening in the filter;
if it does not, the fuel pump will be considered in-
operative and must be removed for repair or re-
placement.

E. Excessively High Pressure

A relisf 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 cause determined for its stick-
ing. The second stage fuel filter, the fuel return line
filter and restrictor assembly (located on the lower
left side of the radiator), and all the fuel lines
should be inspected for clogged passages.

Continved operation with excessively high pressure
(over 60 pounds), may result in damage to the fuel
system.

3. FUEL TANK AND DRAIN ELBOW

A. Description

The fuel tank, located at the rear of the tractor, has
a capacity of approximately 130 gallons.

The drain elbow on the bottom of the fuel tank
provides a means of flushing the tank and also acts
as a sediment sump. Open the drain cock in this
elbow 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 operdtion in
freezing weather; close the drain cock when clean
fuel runs .out. Drain the tank, when an accumula-
tion of rust and scale is evident, by removing the
plug in the end of the drain elbow, fhen flush the
tank thoroughly.

B. Maintenance

If a large accumulation of rust or scale in the tank

becomes apparent, remove the drain elbow and
the fuel lines from the bottom of the tank and flush
the tank with clean fuel or clean the tank.with live
steam. This will prevent frequent clogging of the

- fuel filters and will eliminate possible trouble in

the fuel system,

C. Removal

1. Remove the seat cushions. Remove the arm
cushions from the top of edch battery box,
then remove the bolt attaching each battery
box to the fuel tank.

2. Remove the capscrews attaching the battery
cable supporting clips to the fuel tank.

3. Close the fuel shut-off valve at the bottom
of the tank and disconnect the fuel supply
line and the fuel return line from the tank.

4. Remove the bolts attaching the tank to the
rear fenders,

5. Place a suitable chain or rope around the
tank and remove the tank from the tractor.
Protect all openings of the fuel tank and the
disconnected lines against the entrance of
foreign material.

D. Installation

The fuel tank may be installed by direct reversal
of the removal procedure (refer to C above).

Fig. 3 —Fuel Tank and Drain Elbow
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4. FUEL FILTERS

A. Description of First and Second .
Stage Fuel Filters

Two fuel filters, each containing replaceable filter
elements, are mounted on a bracket attached to
the front left side of the engine. The filter nearest
the front end of the engine is the first stage filter;
the rear filter is the second stage filter.

As the filter elements are very similar in appear-
ance, they are made in different lengths; the first
stage filter element is 9 inches long, and the sec-
ond stage filter element is 8 inches long. Dirt and
sediment in the fuel is collected by these elements

before the fuel enters the injectors. A drain cock

is provided at the bottom of each filter for draining
of sediment. C -

B. Service of First and Second Stage
Fuel Filters '

Loosen the air vent screw and the filter drain cock
of each fuel filter daily, before the start of the day’s
operation in warm weather or shortly after the end
of the day’s operation in freezing weather, and
allow water or sediment to drain. Tighten the vent
screws and drain cocks when clean fuel runs out.
Discard the old elements and install new ones when
fuel pressure is below 35 pounds when the engine
is running at full throttle, or when the filters become

clogged. Clogged filters are usually indicated by

Sl e

Fig. 4 —Fuel Filter Lbcd;lon e
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irregular engine performance. Remove and dis-
card the old elements and install new ones after
every 500-hours of operation, or more often if con-
ditions warrant. : ‘

C. Replacement of First Stage Fuel
Filter Element '

1. Close the fuel tank shut-off valve and loosen
the air vent screw in the top of the filter
head. Open the drain cock and allow fuel to
drain from the filter. :

2. Clean all dirt from around the filter shell
and the filter head thoroughly.

3. Loosen the hex nut in the filter head until
the nut is free of the centerbolt, then sep-
arate the shell from the head. Remove the
element centering guide from the top of the
element.

4. Discard the filter element and the shell gas-
ket, then thoroughly wash and cleadn the in-
side of the shell and the centerbolt.

5. Install the new filter element from the re-
“placement kit and push it down firmly so
that the up-turned edge of the seat plate, at-
tached to the bottom of the centerbolt of the
shell assembly, is firmly impressed into the
bottom of the filter element. Place element
centering guide in position .on top of the
element.

SHELL

DRAIN

RETAINING FILTER
HEAD CENTERING
cocK

NUT

VENT SCREW
GASKET

FILTER Gi';%é
ELEMENT

VENT SCREW

RETAINING
NUT GASKET

Fig. 5 —First Stage Fuel Filter Details

6. Place the new shell gasket (furnished with
the filter element replacement kit), in the lip
of the shell and press the shell assembly,
complete with the element, element center-




ing guide, and gasket, into position against
the filter head. Engage the threads of the
hex nut with the centerbolt and tighten se-
curely.

7. Close the filter drain cock and remove the
air vent screw. Open the fuel tank shut-off
valve. When fuel runs out of the air vent, in-
stall the vent screw and tighten securely.

8. Check for leaks between the filter shell and
the head, and at the fittings. Correcf any
leaks found.

D. Replacement of Second Stage Fuel
Filter Element

1. Close the fuel tank shut-off valve and loosen
the air vent screw in the top of the filter
head. Open the drain cock and allow fuel to
drain from the filter.

2. Clean all dirt from around the filter shell and
the filter head thoroughly.

3. Loosen the hex nut in the filter head until
the nut is free of the centerbolt, then sep-
arate the shell from the head.

4. Discard the filter element, top gasket, seat
plate gasket, and washer. Remove and save
the centering guide, spring, and seat plate.
Thoroughly wash and clean the inside of the

-shell and the filter components.

5. Install the spring and washer on the center-
_ bolt, pushing them down firmly until seated.
Install the new seat plate gasket (furnished
with the filter element replacement kit), and
push it down over the centerbolt until it
touches the washer. Be sure that the smaller
side of this gasket is toward the top of the
filter. Place the seat plate on the centerbolt
and push it down uniil the gasket and the
washer are up inside the recess in the seat
plate. Install the centering guide on the top
of the centerbolt.

6. Install the new filter element from the re-
placement kit and push' it down firmly so that
the upturned -edge of the seat plate, at-
‘tached to the bottom of the‘centerbolt of the
shell assembly, is firmly impressed into the
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bottom of the filter element.

7. Place the new shell gasket in the lip of the
shell and press the shell assembly up in posi-
tion against the filter head. Engage the
threads of the hex nut with the centerbolt
‘and tighten securely.

8. Close the filter drain cock and loosen the
filter air vent screw. Open the fuel tank shut-
off valve.

9. Start the engine and operate it at about %
throttle until fuel runs out around the loosen-
ed vent screw, Tighten the vent screw se-
curely.

10. Check for leaks between the filter shell and’

head, and at fittings. Correct any leaks
found.

IMPORTANT: Keep parts clean when chang-
ing the fuel filter element.

E. Heavy Duty Fuel Filter

On tractors equipped with Heavy Duty Fil-
ters, service as follows: Remove the drain
plug in the bottom of the filter housing, be-
fore 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. Replace the drain plug
when clean fuel runs out. Remove and dis-
card the old element and install a-new .one

after every 300 to 500 hours of operation :
or when the fuel pressure drops below 35

‘pounds per square inch.

L Fig. 6 —Second Stage Fuel Filter Details ___|
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F. Réplacement of Heavy Duty Fuel
Filter Element

1. Close the fuel shut-off valve at boitom of fuel
tank. :

2. Remove drain plug from bottom of filter
housing and allow fuel to drain from filter.
Then, remove lid capscrews and lift lid from
housing.

3. Unscrew T-handle hold-down assembly from
center tube and remove element from filter
housing by lifting with pull-out bail.

4. Clean the filter housing thoroughly and re-
place drain plug.

5. Install a new “DIESELPAK” element and top
gasket in the filter housing. To assure leak-
proof sealing, examine the seats on each end
of the filter elements to see that they are in
good condition and clean.

6. Replace the T-handle hold-down assembly
and tighten firmly. Fill the filter housing with
clean fuel.

7. Replace the lid on the filter housing and
tighten the lid capscrews evenly and se-
" curely. :

8. Fill the fuel tank so that there will be suffi-
cient fuel in the tank to fill the filter by grav-
ity, then open the fuel shut-off valve at the
fuel tank and remove the vent plug from the
top of the filter housing. Allow the filter to
fill by gravity. Install the vent plug when
fuel emerges from the vent plug opening.

9. Start the engine and check for leaks at the
filter lid, vent plug, and drain plug.

CAUTION: Use only “DIESELPAK” element
in the Heavy Duty Filter.

G. Description of Fuel Return Line Filter
and Restrictor Assembly

The fuel return line filter and restrictor assembly,

located on the lower left side of the radiator, con-
sists of a filter body, restrictor plug, filter screen,
and gasket. lis function is to filter the fuel leaving
the engine, through the fuel return line, and to
maintain an even pressure in the fuel system by the
virtue of the restrictor plug. ‘

Tractors prior to serial number 4793 are equipped

- with restrictor plugs having a .073” opening. Ef-

fective with tractor serial number 4793, the size
of the opening in the plug was decreased to .058"-

. .062"”. This change increased the pressure in the
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fuel system. When servicing filter and restrictor as-
semblies on tractors prior to serial number 4793,
always install the new restrictor plug having the
smaller opening (.058"-.062). :

H. Service of Fuel Return Line Filter
and Restrictor Assembly

The fuel return line fil'er and restrictor assembly
should be removed, disassembled, and cleaned
each time the first and second stage fuel filters are
serviced (after every 500-hours of operation, or
more often if conditions warrant). Clogging of the
filter and restrictor assembly will be indicated by
excessively high fuel pressure, air in the system
causing “sluggishness” of the torque converter, and
uneven running of the engine.

1. Remove the two fuel lines from each end of
the filter assembly and the capscrew attach-
ing the filter supporting clip to the radiator
shell. Remove the filter assembly and the sup-
porting clip from the shell.

2. Clamp the filter body in a bench vise and
remove the filter screen. ’

3. Using o screwdriver, remove the restrictor
plug. Clean the screen ihoroughly in clean
fuel or solvent.and blow out with compressed
air. Make certain that the hole in the re-
strictor plug is open. CAUTION: Do not en-
large this hole. ‘

4. Reassemble and install the filter assembly
by a direct reversal of the removal proce-
‘dure..




5. FUEL PUMP

A. Description

The engine may be equipped with either a
“BARNES” or a “GENERAL MOTORS” fuel pump.
The fuel pump is aitached to the engine front cover,
as shown in Fig. 7, and is driven from the front end
of the water pump shaft. The pump driving shaft
rotates in a countér-clockwise direction, viewed
from the flywheel end of the engine.

~ The “BARNES” fuel pump is a constant flow, gear

type pump having a delivery capacity of approxi-
mately 35 gallons per hour at 1000 engine R.P.M.
with a pump discharge pressure of 40 pounds per
square inch. )

Two steel gears revolve inside the pump housing
to create a vacuum in the intake chamber, thus
drawing fuel from the fuel tank. The fuel is car-
ried around the pump gears in the spaces between
the teeth and is forced out the pump outlet port
under pressure. The pump driving gear is mounted
on a free-floating type drive shaft and is attached
to the shaft by a shear pin. The driven gear is sup-
ported in the bore of the pump housing by its sup-
porting journals which are an integral part of
the driven gear.

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 inlet side when the outlet pressure exceeds
47 to 60 P.S.l. This valve normally does not open
since its purpose is fo relieve excessive pres-
sure in case clogging occurs in the fuel lines or
filters.

Two pump shaft oil seals are used inside the stator
at the inner end of the pump. The sealing edge of
one seal faces the pump gears and retains the fuel
within the pump; the sealing edge of the other seal
faces the water pump driving gear and prevents
engine lubricating oil from entering the pump. The
seals are located approximately 1/16” apart. Two
(2) drain holes, located between the two seals, vent
to the atmosphere.

The “GENERAL MOTORS" fuel pump is a positive
displacement, gear type pump having a delivery

capacity of approximately 80 gallons per hour at
1660 engine R.P.M. with a pump discharge pres-
sure of 40 pounds per square inch.

Two pump gears, affixed to the driven and drive
shafts; revolve inside the pump housing to create
a vacuum in the intake chamber, thus drawing fuel
from the fuel tank. The fuel is carried around the
pump gears in the spaces between the teeth and is
forced out the pump outlet port under pressure.

A spring loaded relief valve, located on the inlet
side of the pump (left side of pump viewed from
pump cover end), is provided to by-pass fuel back

- to the inlet side when the outlet pressure exceeds

42 P.S.l. This valve normally does not open since
its purpose is fo relisve excessive pressure in case
clogging occurs in the fuel lines or filters. A small
hole in the pump body allows fuel back of the re-
lief valve to return to the gear compartment, other-
wise, this fuel might become trapped behind the
valve and prevent the valve from opening.

Two pump shaft oil seals are used inside the pump
body. The sealing edge of one seal faces the pump
gears and retains the fuel within the pump; the
sealing edge of the other seal faces the water
pump driving gear and prevents engine lubricating
oil from entering the pump. The seals are located
approximately 1/16” apart. Two (2) drain holes,

‘located between the two seals, vent to the atmos-
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phere.

. Fig. 7—Fuel Pump Location
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B. Service

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

C. Removal of Fuel Pump

1. Disconnect the fuel lines from the pump.

2. Remove the three (3) capscrews attaching
the fuel pump to the engine front cover. Re-
move the fuel pump and drive coupling as a
unit, withdrawing the pump straight forward
from the engine front cover.

3. Rotate the pump shaft by hand to see if the
internal parts of the pump rotate freely. If
binding or sticking is evident, disassembly
and inspection of the pump will be nec-
essary.

D. Disassembly of “GENERAL MOTORS"
Fuel Pump

LOCKWASHER

SCREW GASKET
SP

DRIVEN RING

GEAR

DRIVEN RELIEF VALVE

BODY
INNER OIL SEAL

____Fig 8 —Fuel Pump Sectionalized View

- (General Motors)

The relief valve assembly may be removed from
the pump body without disassembly of the other
parts of the pump, by removing the relief valve
plug and jarring the valve parts from the body.

When removing the relief valve assembly, note the
position of each part so that the parts may be re-
assembled in their same relative position.

If the relief valve only is to be inspected, no further
disassembly is necessary. If the entire pump is to
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be dismantled, proceed as follows:

1. Remove the cover attaching bolts and install
capscrews %" x 20 x 3” long, so that the
heads of the capscrews extend out %" from
the pump cover.

2. Holding the pump assembly in hand, tap on
the heads of the capscrews with a soft ham-
mer, separating the body and the cover.
CAUTION: DO NOT PRY BODY AND COV-
ER APART. .

3. Withdraw the drive shaft, drive gear, and
gear retaining ball as an assembly from the
pump body. Use care when withdrawing the
drive shaft so as not to damage the pump-
drive shaft oil seals.

4. Remove the drive gear from the drive shaft
' being careful not to lose the gear retaining

ball.

5. Remove the driven gear, driven shaft, and
gear retaining ball as an assembly from the

pump body.

6. Remove the driven gear from the driven shaft
being careful not to lose the gear retaining

ball.

7. If it is necessary to remove the drive shaft
oil seals, a tool of the proper design may be
used to remove them.

E. Inspection of "GENERAL MOTORS"
Fuel Pump

1. Wash all the parts in clean fuel or solvent
and inspect them 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 that they do not form a perfect seal
around the shaft, either a fuel leak or lu-
bricating oil leak will result.

2. Inspect the gears. If the gears are slightly
scored, chipped, or worn on the involute
surfaces, they should be replaced. If the
pump is operated until an appreciable
amount of wear is noticeable, the delivery
capacity of the pump will be affected.




3. Install the two gears on their respective
shafts with the retaining balls in place. If ex-
cessive wear between these parts is found,
new parts must be installed.

4. Inspect the surfaces inside the fuel pump
body and the part of the cover contacted by
the gear faces. If these surfaces show ex-
cessive wedr or dre scored, the entire pump
must be replaced. The mating faces of the
pump body and the cover must be flat and fit
together tightly.

5. Check the pump relief valve. If the valve
does not form a tight seal on its seat in the
pump body, lap the valve seat using fine valve
lapping compound. A piece of wood about
‘the size of o pencil makes a good holder for
hand lapping. CAUTION: Use only a small
amount of compound so that only the seat
of the valve and in the pump body will be
affected. The ideal seat is a ring about 1/64"
to 1/32" wide in the pump body. Thorough-
ly wash all the lapping compound and for-
eign material off the valve and out of the
pump body when the lapping process is com-
pleted.

PLUG

GASKET
DRIVE GEAR SPRING \

RETAINING BALLs CUIDE PIN

RELIEF VALVE

DRIVEN GEAR
DRIVEN SHAFT

INNER OIL SEAL
OUTER OIL SEAL

|__Fig. 9 —Fuel Pump Details (General Mofors)_J

'F. Assembly of “GENERAL MOTORS”’
Fuel Pump

1. Install the drive shaft inner oil seal in the
pump body, with the sealing edge of the seal
pointing toward the gears. Install the seal
so that it is down tight in the counterbore
of the pump body.

2. Install the drive shaft outer oil seal in the
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purhp body, with the sealing edge of the seal
pointing toward the mounting flange end
of the pump. '

Install the retaining ball into the indentation
in the drive shaft, then place the drive gear
over the drive end of the shaft and position
it over the retaining ball. Lubricate the drive

" shaft and the oil seals and install the drive

shaft (with gear in place) in the pump body.
Push the drive shaft through the seals being
exceptionally careful not to crimp or damage
the sealing edges. Use an oil seal pilot tool
on the drive end of the shaft if a tool is avail-

able.

Install the retaining ball into the indentation

in the driven shaft, then place the driven gear
on the shaft and over the retaining ball. With

the slot in the driven gear for the retaining
ball facing the pump cover, install the driven
shaft (with gear in place) in the pump body.
Lubricate the gears with clean engine oil.

Coat the machined attaching surfaces of
the pump body and the pump cover with «
commercial non-hardening sealing com-
pound. CAUTION: Do not get any sealing
compound inside the pump. Place the pump
cover in position on the pump body with the
two dowels entering their respective holes.
The cover can be installed in only one posi-
tion over the two shafts. Push the parts to-
gether and install the attaching screws and
lockwashers. Tighten the atfaching screws
securely.

. Turn the pump drive shaft by hand and test

it for bind. The shaft should turn smoothly,
with a slight drag, but should not bind or
have tight spots.

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

Install the fuel pump on the engine by direct
reversal of the removal procedure, making
certain that the gasket used between the
pump and the engine front cover is in good
condition.
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G. Disassembly of “BARNES" Fuel Pump

The relief valve assembly may be removed from
the pump stator, without disassembly of the other
parts of the pump, by removing the relief valve
plug and jarring the valve parts from the body.

When removing the relief valve assembly, note the
position of each part so that the parts may be reas-
sembled in their same relative position.

If the relief valve only is to be inspected, no further
disassembly is necessary. If the pump is to be dis-
mantled proceed as follows:

1.

Remove the screws attaching the pump hous-
ing to the stator and install capscrews 4" x
20 x 3" long, so that the heads of the cap-
screws extend out about %" from the pump
housing.

Holding the pump assembly in the hand, tap
the heads of the capscrews with a soft ham-

mer, separating the stator and housing.
CAUTION: DO NOT PRY STATOR AND
HOUSING APART. '

Remove the pump driven gear.

Remove the pump shaft and drive gear from
the stator carefully, so as not to damage the
pump shaft seals. ‘

Remove the dowels from the pump housing
if necessary.

If it is necessary to remove the shaft seals, a
tool of the proper design may be used to re-
move them. ‘

H. Inspection of “BARNES" Pump Parts

1.

Wash all the parts in clean fuel or solvent
and inspect them carefully. The shaft seals,
once removed from the pump, should be re-
placed. If the sealing edges of the seals are
damaged in any way, so that they do not
form a perfect seal around the shaft, either
a fuel leak or lubricating oil leak will result.

Inspect the gears. If the gears are slightly

worn on the involute surfaces, they should be
replaced. If the pump is operated until an

2]

INNER SEAL

OUTER SEAL

| ____ Fig. 10 —Fuel Pump Details "‘Barnes”
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appreciable amount of wear is noticeable,
the delivery capacity of the pump will be
affected.

3. Inspect the drive gear on the pump shaft.

The shear pin holding the drive gear to the
pump shaft must be tight. Replace parts if
necessary.

4. Check the fit of the gears in the bores of

the stator and housing. If the-stator and
housing are worn or scored, causing loose-
ness, the entire pump must be replaced.

5. Inspect the surfaces inside the stator and

housing contacted by the gear faces. If the
surfaces show excessive wear or are scored,
the entire pump must be replaced.

6. When the pump is overhauled, it is recom-
mended that the relief valve and spring be
replaced. Replacement of these parts may
prevent difficulties in pump operation in the
future.

I. ‘Assembly of "BARNES" Fuel Pump

1. Install the pump shaft inner oil seal in the
stator with the sealing edge of the seal point-
ing toward the pump housing.

2. Install the pump shaft outer oil seal in the
stator with the sealing edge of the seal point-
ing foward the ‘mounting flange end of
pump. A :

3. Lubricate the pump shaft and seals and in-

stall the. pump shaft (with drive gear-in




place) in the stator. Push the shaft through
the seals being exceptionally careful not to
damage the seals. Use an oil seal pilot tool
on the drive end of the shaft if a tool is avail-
able.

4, Install the driven gear in place in the hous-
ing. Lubricate the gears with light engine oil.

5. Coat the machined attaching surfaces of the

v stator and the pump housing with a commer-
cial non-hardening sealing compound. CAU-
TION: Do not get any sealing compound
inside the pump. Place the pump housing in
position on the stator, turn the pump shaft

to mesh the gear teeth, and push the parts

together. Install the attaching screws and
tighten securely.

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

7. lInstall the relief valve parts, making certain
that the parts are installed properly in their
" respective places.

8. Install the fuel pump on the engine by a di-
rect reversal of the removal procedure, mak-
ing certain that the gasket used between the
pump and the engine front cover is in good
condition.

6. FUEL INJECTORS

A. Description

A fuel injector is provided for each cylinder. Each
fuel injector (80 cu. mm.) combines in a single unit
all of the parts necessary to meter, atomize and
inject the required amount of fuel into the combus-
tion chamber of the cylinder. The fuel is injected
under high pressure at the end of each compres-
sion stroke and mixes with the charge of air that
has been delivered to the cylinder by the blower.
Since there is an injector for each cylinder, a com-
plete 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 into the combustion chambers. A
clamp holds each injector in place in a water-
cooled copper tube which passes through the cyl-
inder head. The tapered lower end of the injector
. seats in the copper tube forming a tight seal to
withstand the high pressure inside the combustion
chamber.

B. Operation

“The cross section of the unit injector (80 cu. mm.),
illustrated in Fig. 12, shows the various fuel injector
parts. Fuel is supplied to the injector under pres-
sure and enters the drop-forged steel body of the
injector at the top through the filter cap. After
passing through the porous metal filter in the inlet
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passage, the fuel fills the annular supply chamber
between the bushing and the spill deflector. The
plunger operates up and down in this bushing, the
bore of which is connected to the fuel supply in
the annular chamber by two funnel-shaped ports.

ROCKER COVER

NJECTOR FUEL LINE

FUEL MANIFOLD

P CONTROL TUBE

] | _RACK CONTROL
LEVER :

ROCKER SHAFT
INJECTOR ROCKER ARM

VALVE ROCKER ARM

INJECTOR CLAMP—IE
PUSH ROD—
CAM FOLLOWER
SPRING

INJECTOR ASSEMBLY
SEAL RING
COPPER TUBE
YLINDER HEAD

o Y
CYLINDER BLOCK BLOWER ROTOR

BLOWER HOUSING

Fig. 11 —Fuel Injector Mounting

The motion of the injector rocker arm is transmitted
to the plunger by the follower which bears against

the plunger spring. In addition to this reciprocat- -
_ing motion, the plunger can be rotated in opera-

tion, around its axis, by the gear which is in mesh
with the 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
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rotation of the plunger.

As the plunger moves downward, the fuel in the
high-pressure cylinder or bushing, is first displaced
through the poris 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 plunger into the
recess between the upper helix and the lower helix
from which it can still flow back into the supply
chamber until the upper helix closes the upper port.
The rotation of the plunger, by changing the posi-
tion of the helix, retards or advances the closing of
the ports and the beginning and end of the injec-
tion period, af the same time -controlling the
amount of fuel which remains under the plunger for
injection into the cylinder.

On the upward movement of the plunger, the high-

“pressure cylinder in the injector is again filled

with fuel through the ports. The constant circulation-
of fuel through the injectors renews the fuel supply
in the chamber, helps to maintain even operating
temperatures of the injectors, and effectively re-
moves all traces of air which might otherwise ac-
cumulate in the system and interfere with the
accurate metering of the fuel. The fuel injector out-
let opening, which returns the excess fuel supplied
by the fuel pump, is adjacent to the inlet opening,
and is protected against dirt or other foreign mat-
ter by a porous metal filter, exactly like the one on
the inlet side. '

Two (2) injector valves, shown in Fig. 12, are used
to obtain a “popping” (break-away) pressure of
1100 to 1400 P.S.L

FILTER CAP

FILTER SPRING

FILTER GASKET

FILTER

RACK

.

INJECTOR BODY
DOWEL

SEAL RING

GEAR RETAINER
VALVE NUT

UPPER PORT

SPILL DEFLECTOR

FOLLOWER

PLUNGER SPRING
STOP PIN SPRING

STOP PIN RETAINER

STOP PIN

BODY RING

GEAR

PLUNGER

UPPER VALVE

BUSHING
VALVE STOP
LOWER PORT

CHECK VALVE

LOWER VALVE

FILTER SPRING
FILTER GASKET
FILTER

INJECTOR BODY

TIMING MARKS RACK

GEAR

BUSHING GUIDE PIiN

UPPER VALVE SEAT

VALVE CAGE

—LOWER VALVE SEAT

VALVE SPRING

VALVE STOP

Fig. 12 —Fuel Injector Assembly
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A check valve, located between the upper and
lower injector valves, prevents air leakage from the

- combustion chamber info the fuel system in case
either injector valve is accidentally held open by
a small particle of dirt, thus allowing the injector
to continue to operate until the particle works
through the valve.

C. Injector Service

Because of the important part the injector plays in
the operation of the engine, the necessity for prop-

er care and cleanliness of these units cannot be .

over-emphasized. The instructions below must be
carefully followed in connection with injector
service.

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

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

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

4. Whenever an injector has been removed and

- reinstalled, or a 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.

D. Injector Removal

1. Remove the engine hood, clean off the rocker
~cover, and remove the cover-from the cylin-

der head.

2. Disconnect and remove the two fuel lines
from the injector. Install shipping caps on the
fuel fittings to prevent dirt from entering the
injector and fuel system.
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INJECTOR CLAMP

| ROCKER ARM
REMOVING TOOL ASSEMBLY

ba

INJECTOR

Fig. 13;Removig njector from Engine
3. If necessary, turn the engine with the starter
until the push rod ends (upper ends) of the
injector and valve rocker arms are in line,
horizontally. Turn the rocker arm bracket
bolts out of the cylinder head and swing the
rocker arm assembly away from injector and
valves. If it is necessary to remove the front
or rear rocker arm brackets, disconnect the
oil feed lines from the brackets. CAUTION:
Push rods may be bent if upper ends are not
aligned when swinging the assembly away
from injector valves.

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

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.

E. Injector Disassembly

Before starting to dismantle an injector, it is neces-
sary to have an exiremely clean work bench on
which to work and to store the parts. Cleanliness
for the injector and its parts is emphasized because
practically all injector service troubles are directly
due fo dirt, or other foreign material entering the
injectors. Use clean paper on the work bench, and,
after the injector has been disassembled, place the
loose parts in a pan of clean fuel as protection
against dirt and corrosion. Leave the parts in the
clean fuel until needed for reassembly.
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When more than one injector is dismantled, it
is necessary to keep the parts of each injector sep-
arate. The plungers must always be fitted with the
same bushings from which they were removed. It
is advisable to keep the parts of the spray tip as-
sembly, the springs, stops, spray tip valves and
seats, as a unit, so that the “pop” pressure and cali-
bration built into the injector will remain essentially
the same as when it was first tested and assembled.

NOTE: The spray tip, valves, and valve seats may
be removed, cleaned, and replaced without disas-
sembling the entire injector by performing steps 4
through 6 in the following disassembly procedure.

Before removing the spray tip, test the injector for
free movement of the plunger by pressing down on
the plunger follower with the popping fixture han-
dle. Also turn the injector from side to side to see
if the control rack moves back and forth by its own
weight. If binding of the plunger or control rack is
evident by these fests, complete 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.

Disassemble as follows, placing all parts in a pan
of clean fuel as they are removed:

1. Clamp the injector in the holding fixture in
a vise, right side up, and lcosen (do not re-
move) the two filter caps. Make sure.the con-
trol rack is not bound or bent when clamped
in the fixture.

2. Compress the plunger spring with hand on
follower, press in on the stop pin using a
small punch, as shown in Fig. 14 then allow
the plunger spring to raise to its free length
position.

3. Remove the follower, plunger spring, stop
pin spring, stop pin retainer, and plunger as
an assembly from the injector body. If nec-
essary, spring the stop pin retainer back and
remove the stop pin and the stop pin spring.
Separate the follower, plunger spring, and
plunger.

4. Clamp the injector in the holding fixture with
the spray tip of the injector up, as shown in

INJECTOR POPPING TOOL

PLUNGER SPRING

STOP PIN

INJECTOR

INJECTOR BODY VISE

Fig. 14 — Removing Stop Pin
from Injector Follower

VALVE NUT

VALVE NUT WRENCH]
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Fig. 15 —Removing Injector Valve Nut ]

Fig. 15, and loosen the injector valve nut
using an injector valve nut wrench. After
loosening, remove valve nut by hand, then
raise the injector valve nut carefully so that
the valves and other small parts resting on
the end of the injector plunger bushing will
not be dislodged. If the injector has been in
use for some time, the spray tip will possibly
be removed with the valve nut. In this event,
drive the tip from the valve nut with an in-
jector tip remover tool similar to the one
shown in Fig. 16.

Carefully lift the spray tip (if tip was not
removed with the nut), lower valve stop, low-
er valve spring, lower valve, lower valve
seat, check valve, cage, upper valve stop,




INJECTOR TIP REMOVER TOOL.

INJECTOR TIP

INJECTOR VALVE NUT

—— Fig. 16 —Removing Injector Spray Tip __|

upper valve spring, upper valve, and upper
valve seat from the bushing.

6. Remove the plunger bushing from the in-
jector body. Jar the spill deflector from the
valve nut. -

7. Remove the injector from the holding fixture
and jar the gear retainer, gear, and body
ring from the injector body. Pull the rack
from injector body.

8. Again clemp the injector body in the hold-
ing fixture right side up, as shown in Fig. 17,
and remove the two filter caps using a
13/16", thin-wall, deep-socket wrench.

Removal of the filter caps and the filters is
not always necessary. If the filters are not
plugged, which may be determined by blow-
ing high pressure from an air hose down
through the tops of the filter caps past the
filters and out the openings in the injector
body, it may be well not to disturb the caps
or filters.
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In any event, if the filters are removed, each
one should be replaced in the cavity from
which it was removed. Do not switch the fil-
ters from the inlet to outlet openings when
replacing the filters. '

9. Remove the filter gaskets, filter springs, and
filters from the injector body.

INJECTOR BODY

THIN WALL SOCKET

Fig. 17 — Removing Injector Filter Caps ___!

F. Cleaning, Inspection, and
Reconditioning of Injector Parts

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

Many of the close-fitting parts in the injector are
carefully lapped, therefore, if any of the internal
working parts 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-
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ing them in clean fuel until the injector is reas-
sembled. '

1. Reaming Injector Spray Tip
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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, blow out the tip with com-
pressed air.

Clean the seven (7) spray tip orifices with -

the .007" wire and holder furnished with the
kit. Before using, remove any sharp burrs
from the wire by honing it on the small stone
included in the injector tool kit.

After the tip has been reamed and the holes
in the tip cleaned, blow out loose particles
with compressed, air. Then again ream the
tip, clean the holes, wash the tip with car-
bon tetrachloride, and blow out with com-
pressed air. Discard the spray tips if the di-
ameter of the holes exceeds .009".

Fig. 18 —Cleaning Injector Spray Tip

2. Valves and Seats

Thoroughly wash and inspect the upper
valve seat, upper valve, valve cage, upper
valve stop, check valve, lower valve seat,

g
in Injector Spray Tip

lower valve, lower valve stop, and spray fip
for smoothness (refer to Fig. 20 for identifica-
tion of parts). If these parts are chipped, pit-
ted, or otherwise damaged, they must be
replaced.

If the flat sealing surfaces of the spray tip,
lower valve seat, check valve, valve cage,
upper valve seat, and the lower end of the
plunger bushing show discoloration only they
may be lapped on a piece of plate glass or
on a lapping block. Use “C ARBORUNDUM
H-40" medium lapping cream or “NORTON
ALUNDUM 600" grain size or equivalent.

Spread the lapping cream on the block, then
grasp the part to be lapped firmly with the
thumb and the forefinger and lap, using a
“figure eight” motion. Always exercise care
to keep the part flat on the lapping block.

 After several strokes, thoroughly clean the

part with fuel, then dry and inspect the sur-
faces by holding it fo the light to observe
the differences of light reflection as an
indication of the flatness. If the surface is
perfectly flat, it will present a vniform ap-
pearance when held to the light and ro-

tated.

L___ Fig. 20— Sealing Surfaces of Injector Which May Require Lapping
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To obtain a flat mirror finish of the injector
parts, “finish lap” the parts on the lapping
block after the lapping block has been
cleaned with a bristle brush, rinsed in fuel
or kerosene, and dried with compressed air.

As frequent refacing of lapping blocks will
produce top quality work, it is advisable to
have two grooved blocks on’ hand and
“ maintain their surfaces flat and free from
worn or low spots. To remove these spots,
hand lap one block on another, using fine
grain lapping compound. Protect the blocks
when not in use against dust and damage

by enclosing them in a close fitting wooden

container.

. Pluhger and Bushing

Clean the injector plunger bushing by im-
mersing it in a container of carbon tetra-

chioride or fuel and working a brush through

the bushing. Blow it out with compressed air
and again wash it in clean carbon tetra-
chloride or fuel. For the final cleaning, wrap
toilet tissue around the injector bushing
cleaner tool, or similar rod, and rotate this
rod in and out through the bushing. The
plunger must work freely in the bushing.
Refer to “TESTING OF INJECTOR.”

Worn, scored, or scratched plungers and
bushings must be replaced. The plunger and
bushing are serviced in matched sets and
the two parts should always be used to-
gether.

. Injector Valve Nut

Clean the seat and the bore for the spray
tip with tool as shown in Fig. 21. The tool
does not cut but merely cleans the seat in the
nut and also removes carbon or other depos-
its from the bore at the lower end of the
valve nut for proper seating of the spray tip.
Clean the inside of the nut thoroughly with
one of the brushes provided in the injector
tool kit.

Injector Filters

Cleaning of the injector filters is not recom-
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Fig. 21 —Cleaning Seat for Spray Tip in __|
Injector Nut

mended. If the injector has not been in use

over an extended period and the filters are

removed, they can possibly be used again if

reinstalled in the same cavity from which

they were removed.

CAUTION: Do not switch the filter used on

the inlet side to the outlet side or vice versa. .

6. Control Rack and Gear

Inspect the teeth of both the rack and the
gear carefully. Remove any burrs or rough
spots from the rack or gear. Replace them
with new parts if they are worn or if they
bind in the injectors.

G. Injector Assembly

NOTE: 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 all
be clean. The cleaned injector parts should remain

in a pan of clean fuel until reassembly; then each

part should be taken from the pan and assembled
in the injector. Care must be taken when assem-
bling, to place the various parts in their proper
relative positions. The various illustrations accom-
panying the assembly of the injector should be
studied thoroughly.

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 fil-
ters that have been used, it is important
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that each be installed in the same cavity
from which it was removed. Even though
they may have been washed as thor-
oughly as possible and dried with com-
pressed air, particles of dirt may remain

in them that would be washed into the -

injector and cause damage if the filter
removed from the outlet side was in-

stalled in the inlet side. If they have been -

mixed, the outlet filter can usually. be
identified by its being darker in color on
the inner (bottom) side while the inlet
filter will be discolored most on the outer

side.

IMPORTANT: The filters have a shallow
cavity or dimple in the center; install
these filters with the “dimpled” end

down.

INJECTOR BODY

FILTER OPENINGS

FILTERS

GASKETS

FILTER SPRINGS

FILTER CAPS

L Fig. 22— Injector Filters, Springs, and Caps __

b. With the injector installed in the cylinder
head, the filter nearest the rear of the
cylinder head is the inlet filter and the
filter nearest the front of the cylinder
head is the outlet filter. With this in mind,
place the inlet and the outlet filters in
their correct positions in the injector
body, place a filter spring above each
filter, and install a filter gasket in posi-
tion on each filter cap. Lubricate the
threads of the filter caps and tighten the
filter caps in place in the injector body.
Whenever a filter cap is removed, a new
filter .gasket should be installed when
reassembled.

2. Install Control Rack and Gear

Refer to Fig. 23 and note that two of the
teeth of the injector rack have a punch mark,
and that one tooth of the gear is similarly
marked. When the rack and gear are as-
sembled, the marked tooth of the gear en-
gages between the two marked teeth on the
rack. This relation of the rack and gear
MUST be maintained for proper timing of
the injector.
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VALVE NUT =

SEAL RING——>c=>

SPILL DEFLECTOR

BUSHING

GEAR RETAINER

RACK

INJECTOR BODY

@/ SPRAY TIP

@«——VALVE STOP

B~——VALVE SPRING

d<~—— LOWER VALVE

<«—LOWER VALVE
@ SEAT

B~——— CHECK VALVE

| @j‘——VALVE CAGE

G«——VALVE STOP

B~———VALVE SPRING

— UPPER VALVE

| Méw~———UPPER VALVE
SEAT

TIMING MARKS

Fig. 23 — Injector Rack, Gear,
and Spray Tip Details

. Hold the injector body, bottom end up,

and install the rack through the hole in
the body so that the two marked teeth
can be seen when looking from the bot-
tom, into the bore for the gear.

The injector rack can be placed in the
injector body in only one position and
have the marked teeth show in the open-
ing for the gear. Holding the rack in
position so the marked teeth can be
seen, drop the gear into the body of the



“injector so that the punch mark on the
gear is between the two punch marks on
the injector rack.

Slide the gear retainer down on top
of the gear and the plunger bushing
down on the retainer, with the locating
pin in the bushing guided into the slot
in the injector body.

Clamp the injector body in the holding
fixture in a vise, with the bottom end of
the injector up, taking care not to bind
or bend the rack in the injector body.
Drop the sp||| deflector over the bushing

then slip a new rubber seal ring over the

bushing and against the shoulder of the
injector body.

3. Assemble Spray Tip and Valves

Refer to Figs. 23 and 24 for assembly of the
following parts:

a.

Place the upper valve seat flat on a clean
piece of paper. Holding a valve spring
with fingers, place the upper valve in
one end of the valve spring, and place a
valve stop in the opposite end of the
spring. Insert these three pieces into po-
sition in the valve cage, installing the end
with the valve stop first. Place the valve
cage (with valve stop, spring, and upper
valve) in position on the upper valve
seat,

Place the check valve in position over
the center opening in the valve cage and
place the recessed face of the lower
valve seat down over the check valve
and on the valve cage.

Holding the other valve spring with fin-
gers, place the lower valve in one end of
the valve spring, and place the other 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 lower valve) in
position on the lower valve seat.
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d. With the injector body still supported in
the holding fixture, carefully set the
stacked-up assembly of the spray tip and
valve parts down on the end of the
plunger bushing.

e. Place the hollow end of the injector tip
holding tool, or a length of small copper
tubing, down through the opening in
the small end of the injector valve nut.
Holding the valve nut and the holding
tool or tubing, in one hand, and holding
the valves and the spray tip assembly
in place on the plunger bushing with the
other hand, lower the valve nut down
over the spray tip.

f. With the valves and the.spray tip held
in position with the holding tool, screw
the valve nut on the injector body, mak-
ing certain that the valve assembly has
not shifted. Do not force the nut, even
by hand, while screwing it on the body.
It can be turned down to within 1/16"
of the shoulder on the body of the in-
jector with the thumb and finger, if the
valve assembly is lined up properly. If
the shoulder inside the nut strikes the
edge of the valve and the nut does not
screw on easily, shift the valve slightly by
turning the spray tip. If the nut and valve
can not be brought into line in this man-
ner, the nut will have to be removed and
the valves again centrally located on
the end of the bushing. Tighten the nut
firmly with the injector valve nut wrench.

4. Install Plunger and Follower
Assembly

Invert the injector in the holding fixture so
that the injector is right side up.

a. Refer to Fig. 25 and place the plunger
spring down over the follower neck of
the injector body. Insert the head of the
plunger into the slot at the bottom of the
follower.

- b. Notice the position of the flat in the in-
jector gear in the injector body and turn
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SPRAY TIP

VALVE CAGE VALVE SEAT — LOWER

VALVE SEAT — UPPER: INJECTOR BUSHING

INJECTOR BODY. HOLDING FIXTURE

|__ Fig. 24 — Assembly of Spray Tip and Valves __|

the plunger so that the flat of the plunger
will register with the flat in the injector
gear when the plunger is inserted down
through the gear.

FOLLOWER

INJECTOR PLUNGER

PLUNGER SPRING

CONTROL RACK
INJECTOR BODY

INJECTOR VALVE NUT

|_Fig..25 — Injector Plunger and Follower Details.

c. With the flat of the plunger in line with
the flat in the gear, turn the follower so
that the stop pin at the side of the follow-

~er aligns with the slot in the injector
body, and insert the plunger and follow-
er down into the plunger spring and in-
jector body. When the stop pin strikes
the top of the injector body, press in on
the stop pin and at the same time press
down on the follower to compress the
spring until the stop pin “pops” out into
position in the slot of the injector body.

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

H. Testing Injector

After an injector has been repaired or overhauled,
it should be tested before it is installed in an en-
gine or put aside for future use. When in doubt
about the proper functioning of an injector, a test
will usually indicate the difficulties quickly. Two
tests are recommended on the injector: (1) “Pop-
ping” test; (2) pressure test. The “popping” test
consists of operating the plunger to see that all
parts are functioning properly and to open the
check valve suddenly, which will usually remove
any small foreign particles in the fuel or on the
injector parts that might prevent proper operation.
This test is made as follows:

1. Clamp the injector in the holding fixture and
vise and screw the bolt of the “popping”
tool into the tapped hole in the fixture. Tight-
en the lock nut. Using an oil can, introduce’
clean fuel into one of the injector openings
in the filter caps until the injector is com-
pletely full and fuel flows from the other
opening. Place a glass beaker in position

~under the injector spray tip so that fuel
ejected from the tip hits the inside of the
beaker. CAUTION: Always use a beaker
and keep the hands away from the spray tip
when “popping” an injector as the finely
atomized fuel from the spray tip is ejected
with such force that it will penetrate the skin
and may cause blood poisoning.

Push the injector rack all the way in to the




full open position, and work the injector
plunger up and down several times with the
“popping” handle. Observe if the fuel is be-
ing discharged from all seven (7) holes in the
spray tip. Keeping the injector filled with
fuel from the oil can, press the handle down
against the plunger follower with quick mo-
tions. It may require a few minutes of op-
eration before the injector will “come in”
and a “chirp” will be heard.

" BEAKER

INJECTOR POPPING TOOL

INJECTOR( {

Fig. 26 — "“Popping’’ the Injector

“
FUEL QUTLET VALVE
B\ FUEL OUTLET TUBE
- FUEL SUPPLY TUBE

GAGE
FUEL INLET VALVE

TESTING FIXTURE

Fig. 27 — Pressure Checking Injector

2. The injector pressure test requires the use
of a test fixture, similar to that shown in Fig.
27. Place the injector in’the test fixture with
the dowel on the underside of the injector
body located in the hole of the fixture. Swing

the fuel line connecting bar over the injector
filter caps and tighten the wing nut. Set the
glass beaker in position under the injector
spray tip. The hydraulic gage of the test fix-
ture registers the pressure required to spray
fuel from the spray tip. Check this “popping”
pressure by working the pump handle up
aond down with smooth even strokes, at the
same time watching the pressure gage and
noting at what pressure the injector valves
open. This pressure may vary from 1100 to
1400 P.S.I.

Check for leaks around the injector valve
‘nut seal ring, control rack, spray tip, and
fuel connections by working the hydraulic
pump handle until the pressure is just below
the popping pressure. If a slight amount of
fuel dribbles from the spray tip, pop the in-
jector several times sharply with the popping
handle. This will usually clear the injector
of any small foreign particles that may be
preventing the spray tip valves from seat-
ing properly. If a dribble can not be stopped
in this manner, remove the valve nut and
clean the valve parts- as outlined under
“VALVES AND SEATS.”

Fuel leaking through the hole for the control
rack is usually an indication that fuel is leak-
ing past the plunger. In this case a new
plunger and bushing must be installed in the
injector.

Check the pressure drop in the injector by
pumping the hydraulic handle and popping
the injector sharply, then close the valve be-
tween the pump and the pressure gage and
note the pressure drop on the gage. A drop
not to exceed 600 pounds (from 1000 to 400)
in 50 seconds on a new injector, or the same
drop in 35 seconds on a 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, recheck the injector.

I. Injector Installation

1. With the hood removed, and the rocker cov-
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er removed from the cylinder head, inspect
the injector copper tube in the cylinder head
to be sure that no dirt, grit, or oil is present
to prevent the injector from making a tight
seal in the copper tube. Insert the injector
in the copper tube in the cylinder head,
aligning the dowel on bottom of the in-
jector body with the dowel hole in the cyl-
inder head. As the injector is lowered into the
copper tube, engage the control rack with
the control rack lever.

2. Place the injector clamp on the stud, with
the forked end of the clamp resting on the
injector body and the opposite end on the
clamp support. Drop the special washer over
the stud, with the rounded side of washer
down, and secure the clamp with the nut,
tightening the nut to 30 to 35 foot pounds
torque.

3. Swing the rocker arm assembly back over
info position on the injector and the valves
and secure the assembly with the attaching
capscrews. Connect the oil feed line to the
front rocker arm bracket for the No. 1 cylin-
der and to the rear rocker arm bracket for
the No. 6 cylinder, when installing the rocker
arm assemblies for these cylinders.

4. The injector must now be timed and equal-
ized. Refer to “INJECTOR TIMING” and “IN-
JECTOR EQUALIZING.” Remove the ship-
ping caps from the fuel fittings on the injec-
tors and on the fuel manifold and install the
two injector fuel lines. Check the valve rocker
arms (refer to “VALVE ADJUSTMENT” in
Section IX). Start the engine and inspect the
connections to be sure that there are no fuel
leaks from the injector fuel lines.

5. Install the rocker cover and the engine hood.

J. Injector Timing

Timing of each injector consists of properly locat-
ing the top of the plunger follower in relation to
the injector body.

The engine is equipped with 80 cu. mm. injectors
which require that the top of the follower be set

2.425 inches above the injector body so that the
fuel will be injected into the cylinders at the proper
time. This is done with the injector installed in the
engine.

1. Remove the engine hood and the rocker
cover.

2. Make certain that the engine shut-off con-
trols are in the “OFF” position. Rotate the en-
gine with the starter until the two valve
rocker arms for the same cylinder are down
and the valves are fully opened; the injector
for that cylinder will then be in the proper .

" position for timing.

3. Place a timing gage in the hole in the injector
body; be sure that the shoulder on the bot-
tom end of the gage rests on the injector
body and 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 in-:
jector follower. ' -

4. Loosen the injector push rod lock nut and
turn the push rod into the push rod clevis to
raise the follower or out of the push rod
clevis to lower the follower, until the proper
timing is obtained. When the injector is prop-
erly timed, the bottom (flat part) of the gage
head will just pass over the top of the injector -
follower. The timing gage must be held per-
pendicular to the top surface of injector body
while performing this adjustment.

| _Fig. 28 — ln,eor Timing




5. Tighten the lock nut and recheck to be sure
timing was not changed by tightening the
lock nut. Replace rocker cover and engine

hood.

K. Injector Equalizing

Equalizing of the injectors consists of adjusting the
injector rack control 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 injector racks are moved all 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.

- Fig. 29 —Equalizing n,écfofs

1. Remove the engine hood and the rocker
cover. Check the valve lash which should be
009" with the engine at normal operating
temperature, also see that the injectors are
properly timed (refer to “VALVE ADJUST-
MENT” in Section IX and “INJECTOR TIM-
ING” in this section).

2. Make certain that the governor linkage is
~ properly adjusted (refer to “GOVERNOR
AND ENGINE CONTROLS” in Section VI).

3. Make certain that all the control rack levers
dre engaged with the injector control racks.

4. Loosen the lock nut on the governor buffer
spring adjusting screw and turn the screw
out until the outer end is approximately %"
from the governor housing:

5. Loosen the inner and outer adjusting screws
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9.

10.

on all the injector rack control levers ap-
proximately 3 turns. Make certain that all the
levers are free on the injector control tube
and that the control tube rotates freely in
the bearings at the ends of the tube.

Pull the engine throttle lever all the way
back (wide open).

Disconnect the governor fuel shut-off con-
trol rod from the governor fuel shut-off lever,
located above the governor cover.

The injector rack control lever for the No.
6 cylinder (cylinder nearest flywheel) must
be adjusted first in order fo establish the
proper relationship between the governor
and the injector rack control tube. Turn down
the inner adjusting screw on the No. 6 in-
jector rack control lever until the screw starts
to contact the flat on the control tube as-
sembly.

Move the governor fuel shut-off lever to-
wards the “run” position (fowards radiator).
Do not force the lever past the point at which
resistance fo movement increases, but hold
it at this point, pressing lightly towards the
“run” position.

Back off the inner adjusting screw on the
No. 6 rack control lever until the fuel shut-
off lever moves and just bottoms at the end
of its forward movement or in the “run”
position. Turn down the outer adjusting screw
until it is just snug, but do not tighten. Tight-
en the inner adjusting screw, then tighten the
outer adjusting screw. CAUTION: Tighten the

adjusting screws moderately, do not force.

The setting of the No. 6 injector rack control
lever should now be correct. Check the ad-
justment as follows:

If the governor fuel shut-off lever is free to
travel to the extreme “off” and “run” posi-
tions without encountering any set-up in
resistance, the rack control lever for the No.
6 injector is properly adjusted.

After the No. 6 injector rack control lever has
been set correctly, do not change its adjust-
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ment when adjusting the remaining injector
rack control levers.

11. Connect the governor fuel shut-off control
rod to the governor fuel shut-off lever, then
push the engine shut-off control rod in as
far as it will go (run position) and adjust the

- remaining injector rack control levers.

12. Adjust the No. 5 injector rack control lever
by turning down the inner adjusting screw
while holding a .0015” or .002” thick feeler
gage between the lower end of the injector
rack control lever and the injector body.
Turn down on the inner adjusting screw until
a slight drag on the feeler gage is noted,
then tighten the outer and the inner adjust-

ing screws alternately as necessary to main-
tain the slight drag on the feeler gage.

13. Adjust the injector rack control levers for
the remaining cylinders in the same manner
as described in step No. 12.

14. Adjust the governor buffer spring adjusting
screw as explained in “GOVERNOR AD-
JUSTMENT.” '

15. Do not attempt to obtain a smooth running

. engine by changing the control rack adjust-

ment individually without regard to this
method of equalizing.

16. Install the rocker cover and the engine hood.

7. INJECTOR COPPER TUBES

A. Description

As will be seen by referring to Fig. 11, the bore
in the cylinder head for each injector is directly
through the ‘water jacket of the head. To prevent
the cooling water from contacting the injector, a
copper tube, shaped to receive the injector, is in-
stalled in the injector bore in the cylinder head.
This tube is sealed at the top with a neoprene pack-
ing ring and is spun into a flare on the lower side
of the cylinder head to form water-tight joints
at the top and bottom. The coolant in the cylinder
head flows around this copper tube and helps to
cool the injector.

B. Copper Tube Removal

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

1. Remove the cylinder head from the engine
as described in “CYLINDER HEAD REMOV-
AL" in Section IX.

2. Remove the rocker arm shafts and brackets

as an assembly, also remove the exhaust
valves. Refer to “EXHAUST VALVES AND

OPERATING MECHANISM" in Section IX.

3. Remove the injector from the cylinder (refer
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) BEVEL SEAT GAGE
COPPER TUBE
SPRAY TIP REAMER

DRILL 19/64" \

i
il

COPPER TUBE

COPPER TUBE  TEAMER

BEVEL SEAT REAMER

N

COPPER TUBE SWAGE

/@mm

COPPER TUBE REMOVER ROD
COPPER TUBE INSERTING TOOL
COPPER TUBE INSERTING GUIDE BUSHING
“ALLEN” WRENCH
GAGE FOR SPRAY TIP REAMER

|__ Fig. 30 — Injector Copper Tube Remover Tools _
to “INJECTOR REMOVAL” in this section).

4. Support the cylinder head on wooden blocks
-with the bottom of the cylinder head facing
upward. Then, using a 19/64 inch drill, re-
move the flare from the copper tube at the
injector tip end of tube as shown in Fig. 31.

5. Turn a 1% inch NPT tap into the top end of
the copper tube. Then, working through the
previously drilled hole at bottom of tube,
drive on the tap using a 9/32 inch rod. Tap

)




DRILL 19/64"

COPPER TUBE

Fig. 31 — Drilling Flared End of Injector ‘

Copper Tube

COPPER: TUBE

PIPE TAP 1%4"

|__ Fig. 32— Removing Injector Copper Tube __

rod lightly until copper tube is forced from
cylinder head as shown in Fig. 32.

C. Copper Tube Installation

1. Clean the hole in the lower side of the cyl-
inder head and remove all remnants of the
old seal ring from the counterbore in the top
of the cylinder-head.

2. Install the new seal ring in the counterbore
of the cylinder head and force the new in-
jector copper tube through the seal ring into

COPPER T

INJECTOR -COPPER TUBE

COPPER TUBE INSERTING GUIDE BUSHING
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| Fig. 33 — Installing Injector Copper Tube in__|
Cylinder Head — Operation 1

the bore in the cylinder head as shown in
Fig. 33.

3. Place the tube inserting tool into the cop-
per tube, with the pilot of the tool entering
the guide bushing at the lower side of the
cylinder head. Drive the copper tube down
tightly against the seal ring until it contacts
the bevel seat in the cylinder head as shown
in Fig. 33.

4. Hold the copper tube inserting tool and the
copper tube in position by installing the in-
jector hold-down clamp around the inserting
tool and securing it in position with the nut
and special washer. Using the swage, as
shown in Fig. 34, upset the lower end of the
copper tube into the counterbore at the bot-
tom of the cylinder head to .020 inch below
the bottom of the head. Refer to Fig. 34.

5. Use the injector copper tube reamer, as

. shown in Fig. 35, to clean the inside diameter

of the copper tube for the body of the in-
jector valve nut. Insert the pilot of the reamer
through the injector tip opening and ream
the copper tube body to a minimum depth
of 1.620 inches from top of cylinder head.
CAUTION: Do not exceed the specified
reaming depth of 1.620 inches by more than
1/16 inch. If the hole in the tube is reamed
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too deep, the injector valve nut will ride on
the shoulder inside the copper tube.

|

[

i | INJECTOR COPPER TUBE

COPPER TUBE SWAGE

INJECTOR CLAMP

| Fig. 34 — Upsetting ln,ecfo:' Copper 1ub—___
Operation 2 ‘

After the reamer is once set on the tool shank
to produce a reamed depth of 1.620 inches,
(with the tapered end of the shank resting
on the taper inside the copper tube), it can
be left in that position. It will not be neces-
sary to gage the depth of the cut when ream-
ing the rest of the injector copper tubes.

INJECTOR

COPPER TUBE REAMER

L Fig. 35— Reaming Copper Tube for Injector __
Vaive Nut Body — Operation 3
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6.

Ream the bevel seat for the injector valve
nut with the bevel seat reamer as shown in
Fig. 36. Insert the reaming tool inside of the
tube, and, using a tap handle, turn the ream-
er slowly while exerting down pressure on
the tool. When the pilot of the tool comes
flush with the bottom of the cylinder head,
the seat is reamed. sufficiently. NOTE: To
assure a proper depth reaming operation,
the pilot of the reamer should extend .436
to .432 inches out from the end of the ream-
er. This distance should be checked before
the reaming operation is started.

7.

k Fig. 36 — Reaming Bevel Seat in Copper |

S

COPPER TUBE BEVEL SEAT RE

Tube — Operation 4

The bevel seat depth may be checked with
the depth gage as shown in Fig. 37 after
each reaming operation to be sure that the
bevel seat is the proper depth.

Ream the copper tube for the injector spray
tip with the spray tip reamer as shown in
Fig. 38. When the taper of the reamer meets
the flat surface at the bottom of the copper
tube, the reaming operation has been com-
pleted. The smallest diameter of the spray
tip hole should then measure .175 to .185
inches. This measurement can be checked
with the injector spray tip hole gage.




STRAIGHT EDGE

BEVEL SEAT

NJECTOR COPPER TUBE

|__ Fig. 37 -Chec.:l;ni Depfh of Bevel Seat in __]
Copper Tube — Operation 5

8. FUEL

A. Description

Fuel is supplied to the injectors by the fuel pump
through the lower tube of the fuel manifold, which
is mounted on top of the cylinder head and is con-
nected to the injectors by short steel injector fuel
lines. The upper tube of the fuel manifold returns
the surplus fuel from the injectors through tubing to
the torque converter, then to the torque converter
fluid cooling radiator and back to the fuel tank.
Pressure is maintained in the fuel system by a re-
strictor located in the fuel return line filter assembly.

B. Service

No service is required on the fuel manifold other

‘than keeping all tube connectors tight and a peri-

odic inspection to make certain that there is no fuel
leakage. If any leakage is noted, it must be cor-
rected immediately. When the manifold is removed
for any reason, the fuel passages must be thor-
oughly cleaned before it is reinstalled.

C. Removal of Manifold

Refer to Fig. 40 for relative location of parts. The

_g;% Fig. 38—Redming ln'iecfor'Copper Tube for
Sprdy Tip — Operation 6

NOTE: Consult your local “Allis-Chalmers"”

Dealer for the availability of the tools shown

above.

MANIFOLD

INJECTOR

ALVE . ROCKER ARM

INJECTOR V.
FUEL OUTLET TUBE ROCKER ARMS
INJECTOR INJECTOR )
FUEL INLET TUBE

FUEL MANIFOLD
OUTLET TUBE

FUEL MANIFOLD ASSEMBLY

INJECTOR CONTROL TUBE

VERNOR CONTROL LINK

| EFig. 39 — Right Side of Cylinder Head Assembly_

manifold may be removed without removing the
cylinder head from the engine.

1. Remove the engine hood.

2. Clean off the rocker cover and remove it
from engine.

3. Remove all the iniedor fuel lines. Cover the
injector fuel inlet and outlet openings with

T
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of manifold) and the fuel outlet tube (at rear
of manifold) from the manifold.

5. Remove the two (2) bolts from the clamps
used to brace the manifold to the valve rock-
GOVERNOR
v i . A CONTROL LINK er arm bracket bolts.

FUEL MANIFOLD - o .
INLET TUBE - 6. Remove the two (2) capscrews attaching each

manifold bracket to the cylinder head and
remove the manifold.

D. Installation of Manifold

Be sure that the fuel passages in the manifold are

’ thoroughly clean and install the manifold by re-
L Fig. 40 —Fuel Manifold and Connecting Parts | \¢/ing the sequence of operations for its removal.

shipping caps to prevent the entrance of dirt Before reinstalling the rocker cbver, start the en-
while the lines are removed. gine and check for fuel leakage. Correct any leaks.

_ that are evident and install the rocker cover and
4. Disconnect the fuel inlet tube (at the front  the engine hood.
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SECTION HI—ENGINE AIR INTAKE SYSTEM

Topic Title

Descriptionof System ...............
Air Pre-Cleaners ..................
Air Cleaners .....................
Air Inlet Housing and Shut-Off Valves. .
Blower .......ccoviii,

Blower Drive Assembly

Air Box and Cylinder Liner Air Ports. ..
Cold Weather Engine Primer .........

Topic No.

..........
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‘1. DESCRIPTION OF SYSTEM

The engine air intake system includes two (2) air
pre-cleaners, two (2) air cleaners, two (2) air shut-
off valves, air box, and blower. The blower supplies
the fresh air needed for combustion of fuel in the
cylinders and for the scavenging or removal of
burned gases from the cylinders. The air, drawn
from the atmosphere by the blower, passes through
the air pre-cleaners and air cleaners before it en-
ters the blower. Dust, always present in the air, is
thus filtered from the air before it is delivered to
the engine. If the air were delivered to the engine
uncleaned, the dust particles would cause rapid
wear on pistons, cylinder liners, and other parts.

The air is discharged from the blower into a hollow
section of the cylinder block surrounding the cyl-
inders, called the air box. The air passes into the
cylinders from the air box through holes (air ports)
in the cylinder liners as the ports are uncovered
by the downward travel of the pistons. While these
ports are uncovered by the pistons, fresh air rushes
through the cylinders to scavenge the éxhaust
gases and leave the cylinders filled with 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 air compressed within the combustion

chambers on the upstroke of the pistons. In cold

weather, the “drag’”’ caused by the cold oil between
the pistons and cylinder walls, and in the bear-
ings, reduces the cranking speed of the engine. A
large part of the heat generated by compression
of the air is then absorbed by the pistons and cyl-
inder walls. This loss of heat and the reduced
cranking speed may result in the temperature of
the air in the cylinders being too low to ignite the
fuel. A cold Weather Engine Primer is provided as
an aid for starting the engine in cold weather.
The primer is used to inject starting fluid (ethyl
ether) into the blower air inlet housing. The start-
ing fluid is then picked up by the engine blower
and is blown info the cylinders. Since the starting
fluid is highly combustible, it is easily ignited by
the heat of compression in the cylinders.

Four (4) air box drain tubes are provided for drain-
age of fuel that might leak into the air box and
would otherwise be drawn into the cylinders with
the air.

2. AIR PRE-CLEANERS

A. Description and Purpose

Each pre-cleaner, Fig. 1, is of the centrifugal type
and consists of a body and shell (dirt bowl). Fins in
the body are set at the proper angle to impart a
swirling motion to the incoming air causing the dirt
in the air to be thrown to the outside of the shell
and deposited therein. All large particles of dirt, as
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well as leaves and other like material, are thus re-
moved from the air before it enters the air cleaners.
The level of the dirt collected in each shell is visi-
ble through an inspection glass.

B. Air Pre-Cleaner Service

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

1. Unscrew the wing nut and remove the cap
from the shell.

2. Lift the shell from the pre-cleaner body.
Clean the dirt out of 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. Wipe the dust from the cap gasket and reas-
semble the pre-cleaner. Replace the gasket
if it is not in good condition. Tighten the
wing nut with the fingers. DO NOT USE A
WRENCH.

3. AIR

A. Description

Each air cleaner consists of a cylindrical body
packed to a prescribed density with rust-proof
metallic matting and has an oil cup suspended on
the lower end of the body. This cup is filled to a
specified level with engine lubricating oil. A tube
extends down through the center of the cleaner
body and into the oil. An air pre-cleaner is mount-
ed on the upper end of the tube. After passing
through the pre-cleaner, the air enters the air
cleaner, passes down through the tube and into
the oil in the cup. As the air is drawn through the
cleaner, a portion of the oil in the cup is whipped
up into the maiting in the main body of the air
cleaner. Dust still remaining in the air is collected
by the matting as the air passes through it. The oil
dripping back info the cup, carries the dust with it,
depositing it in the cup. Thus, only clean air enters
the blower for delivery to the cylinders.

~B. Air Cleaner Service

At periodic intervals, depending on operating con-
ditions, each oil cup must be removed, cleaned, re-
filled with new oil, and the air cleaner pipe in each
air cleaner swabbed out. Dirt mixed with the oil

PRE-CLEANER BODY

Fig. 1 — Air Pre-Cleaners

CLEANERS
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will collect inside the pipes, and if not removed,
will in time restrict the flow of air, resulting in an
insufficient supply of air to the engine. A broken
hose, loose hose clamp, damaged blower gasket
or leak of any kind, that allows air to enter the
cylinders without first passing through the air
cleaners, will defeat the purpose of the air clean-
ers. Therefore, extreme care must be taken to pre-
vent legks. Periodic inspection of the above parts
and of the air cleaner bodies for dents, cracks,
loosened solder connections, etc., should be made
frequently. If any of the above mentioned condi-
tions are found they MUST be corrected imme-
diately.

Remove the oil cups daily (more often if operating
in extremely dusty conditions) to check the oil
level in each cup and to determine the condition
of the oil. Empty and wash the cups whenever the
oil becomes discolored, indicating a quantity of
dirt has collected, then refill with clean oil. Keep
the cups filled to the “FULL” mark on the air baffle
in each cup. DO NOT OVERFILL.

Use SAE 30 engine oil when temperature is above
32° F., SAE 20W when temperature is 0°F. to 32°
F., and SAE 10W when temperature is 0°F. and




below. NOTE: Some “DIESEL" lubricating oils may
foam when used in the air cleaner. Do not use an
oil that foams as it reduces air cleaner efficiency
and in some cases allows the oil fo be pulled over
into the engine,' causing serious damage.

To Service Each Cleaner, refer to Figs. 2 and 3.

1. Remove the oil cup from the bottom of the
~air cleaner body. Remove the air baffle,
then empty the oil from the oil cup.

2. Wash the air baffle and cup with clean fuel
or solvent. Swab out the air cleaner inlet
pipe in the center of the air cleaner body.

Fig. 2 — Air Cleaner

3. Install the air baffle in the cup and fill to the
“FULL” mark on the air baffle with clean oil.
Install the cup on the bottom of the air clean-
er body. See that the gasket above the cup
makes a tight seal; replace the gasket if it
is not in good condition.

4. Once or twice a yéqr remove the air cleaners
from the mounting brackets. Remove the oil
cups and immerse each air cleaner in a tub
of clean fuel or non-combustible cleaning
solvent and rinse the dirt from the filter
mat in the body. Allow the air cleaners to dry
thoroughly: before reinstalling. '

5. Tractors bearing Serial Numbers 4543 and
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AIR INLET PIPE

|“® Fig. 3—Swabbing Air Cleaner Inlet Pipe ™|

“above are equipped with air cleaners which
have two removable filter mats in the lower
part of the air cleaner body. These mats may
be removed periodically for cleaning. If
the mats become badly clogged with fuzz,
leaves, and etc. which can not be removed
by washing, the mats may be replaced. The
upper part of the air cleaner body contains
a non-replaceable filter mat.

C. Air Cleaner Removal

Removal of air cleaners used on tractors prior fo
Serial Number 4543 may be performed as follows:

1. Remove the air pre-cleaners from the top
of the air cleaner pipes and remove the en-
gine hood.

2. loosen the top hose clamps on the air inlet
~ tube and slide the clamps and hose down
on the tube.

3. Support the air cleaners, loosen the lower
mounting band capscrews as much as possi-
ble and remove the capscrews from the up-
per mounting bands. ’

4. Raise the air cleaners out of the mounting
~ band brackets and remove the cleaners from
the engine. :
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Removal of air cleaners used on tractors bearing
Serial Number 4543 and above may be performed
as follows:

1. Remove the air pre-cleaners from the top
of the air cleaner pipes and remove the en-
gine hood. '

2. Loosen the tops hose clamps on the air inlet
tube and slide the clamps and hose down on
the tube.

3. Remove the upper and lower air cleaner
mounting bands. v '

4. Raise the air cleaners out of the mounting
band brackets and remove the cleaners from
the engine. '

D. Air Cleaner Installations v

’

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

Flg 4 — Air Cleaner Mounting Prior fo Tractor?
: Serial No. 4543

Fig. 5— Air Cleaner Mounting Tractor Serial™_
No. 4543 and Above

4. AIR INLET HOUSING AND SHUT-OFF VALVES

A. Description

The air inlet housing, located on the blower hous-
ing, contains the engine air shut-off valve assem-
blies. The valves are of the butterfly type, and are
manually controlled by the engine shut-off rod.
When the engine shut-off rod is pushed in, the
valves are opened and air can pass through the
inlet housing to the blower. When the engine shut-
off rod is pulled back, the valves close against the
séaﬁng surfaces in the. inlet housing and the air
supply 1o the engine is shut off. These valves also
act as emergency engine shut-off devices. If for
some reason fuel collects in the air box, speeding
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up of the engine will cause this fuel to be drawn

from the air box into the cylinders, and the engine

speed will be increased beyond its maximum gov-

erned speed because of this added supply of fuel.
The governor has no control over the engine in

such instances. However, the engine can be stop-

ped by manually closing the air valves, which shuts

off the supply of air necessary for combustion of

fuel. vy ' R

B. Removal, Disassembly, and
Inspection

1. Disconnect the engine primer copper tube




from the primer elbow assembly, located
on the top of the blower air inlet housing.
Remove the bolt attaching the engine primer
copper tube clip to the blower air inlet
housing.

Loosen ‘the two (2) hose clamps attaching
each air cleaner tube to the air cleaner

tube elbows and slide the hoses up on the

air cleaner tubes.

3.

AIR CLEANER TUBE

. AIR CLEANER TUBE

(REAR) (FRONT)

| Fig. 6 — Air Inlet Housing and Air Cleaner __|

Tube Elbows

Remove the cotter pin and the yoke pin at-
taching the air shut-off rear rod to the en-
gine air shut-off lever.

Remove the capscrews attaching the air
inlet-housing to the blower housing and re-
move the air inlet housing with the air clean-
er tube elbows attached. Remove the com-
bination intake housing gasket and blower
screen. IMPORTANT: Cover the inlet open-
ing of the blower after removing the inlet
housing.

Remove the front air shut-off valve lever
spring. Remove the bolts attaching the air
shut-off valve levers to their respective shafis
and remove the levers from the shafts, leav-
ing them connected to the front shut-off rod.

Remove the bolts attaching each air cleaner
tube elbow to the air inlet housing and re-
move the tube elbows and gaskets.

Remove each of the air shut-off valves as
follows:
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a. Remove the locking wire from the screws
which attach the shut-off valve to the slot-
ted shaft. Remove the screws and the
shut-off valve.

b. Withdraw the air shut-off valve shaft
and remove the shut-off valve shaft seal
from the tube elbow.

8. Clean and inspect the paris for wear. The
shafts must be straight and not excessively
worn or the valves will not seat properly in
the tube elbows. The expansion plugs in the
outer side of the tube elbows must fit tight

_in their bores to prevent air being drawn
past them. Always install new shaft seals
in the tube elbows when assembling.

C. Assembly and Installation

1. Install an expansion plug in position in the
bore in the outer side of each tube elbow.
Install a shut-off shaft seal in position in the
bore on the inner side of each tube elbow.

2. Lubricate the ends of each air shut-off valve
shaft and install a shaft in each tube elbow,
with the slotted end of the shaft toward the
engine.

3. Insert an air shut-off valve in the slot of
each shaft and secure in position with drilled
head screws and lockwires. Install the air
shut-off valve and stop lever on the front
air shut-off valve shaft, with the stop lug of
the lever facing toward the rear of the trac-
tor. Install the other lever on the shaft of the
rear air shut-off valve. Secure the levers to
the shafts with capscrews, lockwashers, and
nuts.

4. Examine the air inlet elbow gaskets to make
certain they are in good condition; replace
them if necessary. Coat each side of the gas-
kets with gasket cement or sealing com-
pound, then, using a gasket between the
mating parts, attach the air inlet elbows to
the air inlet housing with the capscrews, nuts,
and lockwashers removed at disassembly.

5. Perform the balance of the installation pro-

-
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cedure by a direct reversal of the removal
procedure.

6. Adjust the éngine control linkage as ex-

plained in “ENGINE SHUT-OFF CONTROL
ADJUSTMENT,” Section VI.

7. Install the engine hood and air pre-cleaners.

5. BLOWER

A. Description

The blower supplies the aid needed for combustion
and for sweeping the cylinders clear of exhaust
gases. lts operation is similar to that of a gear-type
oil pump. Two hollow rotors, each with three lobes,
revolve with very close clearance in a housing bolt-
ed to the side of the engine. To provide continuous
and uniform displacement of air, the rofor lobes
are made in a twisted or helical form.

Air entering the blower air inlet from the air clean-
ers is picked up by the lobes and carried to the dis-
charge side of the blower. The continuous dis-
charge of fresh air from the blower creates an air
pressure of about five pounds per square inch in
the air chamber of the cylinder block when the
engine is operating at its maximum speed. As the
piston uncovers the intake ports of the cylinder
(which begins at 48 degrees of crankshaft rotation
before bottom dead center), the air sweeps through
into the cylinder. The angle of the ports in the
cylinder liners imparts a swirling motion to the in-
take air as it enters the cylinder.

Fig. 7 — Blower Location

Two timing gears on the drive ends of the rotor
shafts space the rotor lobes with a slight clearance. -
Thus, because the rotors do not touch each other
at any time, they require no lubrication. Lip type

45

seals prevent air leakage at the ends of the lobes
and also prevents the oil used for lubricating the
timing gears and the rotor shaft bearings from
entering the inside of the blower. The upper rotor
is driven at 2.71 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 engine torque fluctuations to the
blower. The coupling is formed by a cam, driven
by two bundles of leaf springs contacting four semi-
cylindrical supports. Each rotor is supported on the
doweled end plates of the blower housing by a
roller bearing at the front end, and a two-row,
pre-loaded, radial and thrust ball bearing at the
redr, or gedr end.

An external oil line, connected to the engine oil
galley, provides lubricant to the front blower bear-
ings. The rear blower bearings and gears are lu-
bricated by oil draining from the blower drive sup-
port, through the blower drive shaft cover and
into blower end cover. Surplus oil passes from a
hole in the end of the blower to the oil pan,
through drilled holes in the cylinder block.

B. Service and Inspection

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 taken when the
blower is serviced in the field.

As pointed out in the foregoing description, the
blower rotors revolve with a slight clearance be-
tween the two lobes and also between the lobes
and the blower housing. Bearings are used at each
end of the rotor shafts to support the rotors. The
blower rotors are “timed” by the two gears at the
rear end of the rofor shafts. This timing or spacing
must be correct, otherwise the required clearance
between the rotor lobes will not be maintained.




Normal gear wear causes a decrease of rotor-to-
rotor clearance on one side of the rotor lobes.
When this occurs, clearance between the op-
posite sides of the rotor lobes is increased
correspondingly. While: rotor lobe clearance,

When inspecting the blower with the blower in

“position on the engine, the blower air inlet hous-

due to gear wear, may be corrected by ad- -

justment, the gear backlash cannot be corrected.
Therefore, when the gears have worn to the point
where the backlash exceeds .004”, the gears must
be changed. 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 every 1,000 engine
hours, especially if the tractor has been operating
under extremely dusty conditions. If this practice
is followed, minor irregularities can usually be
detected and corrected before more serious dif-
ficulties develop.

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

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

2. Worn oil seals, permitting lubricating oil to
be drawn into the rotor compartment.

3. Worn blower drive coupling, causing a rat-
tling noise inside the blower.

4. Loose rotor shafts; worn gear teeth, or dam-
aged bearings, causing contact between the
rotor lobes, rotors and end plates, and be-
tween the rotors and housing.

5. Out of time, due to timing gear wear. When

this occurs, the rotor lobes may not have suf-

ficient clearance at one side and too much
clearance on the opposite side.

A blower may be inspected for any of these condi-
tions without being removed from the engine. How-
ever, if inspection reveals that the blower has been
damaged or worn sufficiently to impair its effi-
ciency, then it must be removed from the engine
and either overhauled or replaced.

ing must be removed. 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
damage to the blower may result, if anything is
allowed to come into contact with the blower ro-
tors 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

~ chips drawn through the blower will cause
deep scratches in the rotors and the housing
and raise up burrs around such abrasions. If
such burrs cause interference between the
rotors, or between the rotors and the hous-
ing, the blower should be removed from
the engine and the parts dressed down with
a “fine cut” file or hone to eliminate inter-
ference. The rotors must be changed if they
are badly scored. v

2. LEAKY OIL SEALS. Leaky seals are usually
indicated by the presence of oil on the
blower rotors or on the inside of the housing.
Oil on the rotors can also be a result of pull-
over from the air cleaners; 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 into the rotor com-
partment and observe the end plates
for a thin film of il which will radiate
away from a leaky oil seal. CAUTION:
Do not attempt this inspection when dust
is blowing as there will be no air cleaner
protection when the air inlet housing is
removed from the blower. '

3. WORN BLOWER DRIVE.

a. Operate the engine at approximately
300 R.P.M. by manual control of the in-
jector control tube. A worn blower drive
coupling will cause o loose, rattling
sound within the blower.
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b. Stop the engine. Grasp the top rotor
firmly and attempt to rotate it. The rotors
should move from %" to %", measured
at the lobe crown, and when released
should return with a springing action.
When released, the rotors should move
back at least 14", The coupling must be in-
spected if the rotors cannot be moved
as above, or if the rotors move freely,
without a springy feel, or if they can be
rattled. If the inspection shows the drive
coupling to be worn, it may be removed
for replacing by removing the blower
drive cover and drive shaft, then remov-
ing the blower drive assembly.

4. LOOSE ROTOR SHAFTS OR WORN BEAR-

INGS. This condition will cause rubbing and
scoring between the crowns of the rotor
lobes and the mating rofor roots, between
the rotors and the end plates, or between
the rotors and the housing. Usually a com-
bination of these conditions exists.

A loose rotor shaft usually causes contact
between the rotors and the end plates. Worn
bearings will cause contact between the
mating rotor- lobes at some point, or may
allow the rotor assemblies to contact the
blower housing. This condition will usually
show up on the end of the rotors at which
the bearing has failed.

Excessive backlash in the blower timing
gears usually results in the rotor lobes con-
tacting throughout their entire length.

To correct any of the above conditions, the
blower must be removed from the 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 be
not only misleading, but unnecessary.

C. Blower Removal

Remove the right front fendér and loosen
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the hose clamps on the lower ends of the
front and rear air cleaner tubes. Slide the
hoses up on the tubes.

Remove the yoke pins, which attach the air
shut-off valve levers to the yokes on the ends
of the air shut-off control rods, and move

control rods into a position to provide*

clearance for removal of the blower.

Remove the front blower bearing oil tube
from the engine block and blower. Remove
the primer line from the air inlet housing.
Bend the primer line sufficiently to permit

removal of the blower. CAUTION: Do not

crimp the primer line.

Loosen the hose clamp on blower end of
blower drive shaft cover and slide the seal
and hose clamp onto the drive shaft cover.

If the blower is to be removed for disassem-
bly, the air inlet housing may be removed
from the blower before the blower is re-
moved from the cylinder block. If the blower
is not to be disassembled, remove the cap-
screws attaching the blower to the cylinder

- block. Raise the blower slightly and move

it toward the front of the tractor until the
drive shaft is free of the driving hub. Leave
the drive shaft in the cam coupling located
inside the timing gear housing. Remove the
blower from the engine.

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 to loosen them from the blower
housing, then pull the end plates from the
dowels at the top and bottom of the bolt
flange. Do not pry between the covers and
the end plates as the gasket surfaces may
thus be damaged.

Remove the three (3) capscrews attaching
the blower rofor driving hub plate assembly
to the upper rotor driving gear and remove
the hub, plates, and the three (3) driving
hub plate spacers. '




3. Remove the capscrews- and washers at the
center of the blower rotor timing gears and
remove the coupling disc and the gear re-
taining washer.

PULLER STUDS

PULLER PLATES

ANCHOR BOLTS

BEARING AND:SEAL REMOVER

ROTOR SHAFT BEARING
AND INSTALLING TQOL

INSTALLING TOOL

PRESSURE PLATE

ROTOR SHAFTS OIL SEAL
INSTALLING TOOLS

Fig. 8 —Special Blower Tools |

4, Pull the rotor timing gears. NOTE: Due to the

helical” angle of the gear teeth these two

~ gears must be pulled from the shafts at the

same time, using the special puller studs and
plates as shown in Fig. 9.

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

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

c. Place a cloth between the two gears to
prevent them from turning, then alter-
nately turn the two puller studs clock-
wise until the gears are withdrawn from
the rotor shafts. In most cases, shims
will be found on each rotor shaft, behind
the gears. Wire these shims to the re-
spective gears so they may be installed
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PULLER PULLER
STUDS  PLATES

Fig. 9 —Pulling Rotor Timing Gears ____|

in the correct positions when the blower
s reassembled.

5. Remove the capscrews from each bearing
retainer and remove the retainers from the
end plates.

6. Remove the end plates and rotors from the
blower housing. The end plates and ro-
tors may be removed from the housing by
pushing the rotor shafts from the bearings
in the rear end plate, then withdrawing the
rotors, still assembled in the front end plate,
from the housing.

a. Remove the two countersunk fillister
head screws from the front end plate,
and loosen the screws in the rear end
plate about three turns.

b. Using the same puller studs and puller
plates used to pull the gears, install three
anchor bolts in the three equally spaced
holes of each plate as shown in Fig. 10,
and screw the anchor bolts into the holes
from which the bearing retainer cap-
screws were removed so that the faces of
the puller plates are parallel with the
face of the blower.

c. Turn the two puller studs uniformly clock-
wise until the rotor shafts are free from
the bearings in the rear end plate.

d. Remove the puller plates from the rear
end plates, then remove the two fillister
head retaining screws, and pull the plate
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from position by hand. Withdraw the ro-
tors and front end plate assembly from
the blower housing, then assemble the
puller plates on the front end plate and
press the rotor shafts out of this plate in
the same manner as the shafts were
pressed out of the bearings in the rear
end plate. If the rotors are scored and
can not be removed from the housing
with the front end plate attached, assem-
ble the puller plates on the front end
plate and pull the end plate from the
rotor shafts before withdrawing the ro-
tors from the housing.

PULLER STUD

PULLER STUD

|__Fig. 10— Removing End Plates and Rotors __|

BEARING AND OIL SEAL
REMOVER TOOL

BLOWER END PLATE

N
OlL SEALS

__ Fig. 11 —Removing Rotor Shaft Bearings

7. Remove the bearings from the blower end
plates by using the bearing remover tool
as shown in Fig. 11. Insert the tool through
the oil seal, from the inner face of the blow-
er end plate, so that the pilot of the fool
enters the bore in the inner race of the bear-
ing and the shoulder of the tool rests against
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the bearing inner race. Support the end
plate on wooden blocks about two inches
high and drive the bearing out of the end
plate. Follow the same procedure for all four
bearings.

8. Remove the oil seals from the blower end
plates. The seals may be removed from the
end plates, at the same time that the bear-
ings are removed, by continuing to drive
down on the bearing removing tools until the
collar of the tool contacts the seal and drives
it out of the plate.

E. Inspection of Blower Parts

After the blower has been disassembled, wash all
parts in clean solvent and dry them with com-
pressed air.

1. Wash the bearings by rotating them in a

pan of clean solvent or fuel until they are
free from grease and oil. Blow the dirt and
fuel from the bearings with compressed air,
while rotating the bearings by hand. Do not
spin the bearings with air pressure. Repeat
the cleaning operation until all foreign sub-
stance has been removed. After cleaning
thoroughly, lubricate the bearings with clean
engine oil and rotate them by hand to in-
spect for rough spots or roughness. The dou-
ble-row bearings are pre-loaded and have
no end play; in fact, a new double-row bear-
ing will seem to have considerable resistance
to motion when revolved by hand. If the
balls or races are discolored instead of hav-
ing brightly polished surfaces, they have
probably run hot at some time and are unfit
for further service. Discard any bearings that
are worn or have tight or rough spots. Bear-
ings which show heat discoloration must also
be replaced.

2. The inspection for the condition of oil seals
in the end plates, with the engine running,
was described previously in “Leaky Oil
Seals.” If the leather of the seal is scored
or damaged so that a tight seal on the rotor
shafts cannot be obtained, or if the leather
has become charred and hardened, new
seals must be installed.
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Fig. 12 —Blower Details in Relative Position _

the gears installed. Install new gears if the
backlash between the gears exceeds .004”

3. 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 flat against the ends of the housing.

Inspect the blower rotor lobes for smooth-
ness and the bearing surfaces for wear or
burrs. The serrations in the ends of the 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 dressed smooth with a “fine
cut” file or emery paper and used unless the
ends of the rotors are 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 Clear-
ance Chart, Fig. 19).

As stated inthe' preceding paragraph and
shown in Fig. 19, the rotors must revolve in-
side of the blower housing with a specified
clearance between the housing and the rotor
lobes.

‘Check the blower Qears for wear and gen-
eral condition. The wear on the gears can be
checked only with the blower assembled and
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F. Assembly of Blower

After the blower has been inspected and the worn
or damaged parts replaced, assemblz the blower
by reversing the disassembly procedure and use
the special tools illustrated, as follows:

1.

INSTALL OIL SEALS IN END PLATES. Lubri-
cate the seals with engine oil and install
them in the end plates, with the flat face of
the seals flush with the inner face of the
end plates and with the sealing edges of the
leathers pointing away from the inner faces
of the plates. Install each of the four seals
as follows: '

a. Clamp the end plate between soft jaws
of a vise. Use one of the puller plates, the
puller stud used in disassembling the
blower, and the slotted pressure plate to
push the seals into place. Back the puller
stud out of the puller plate as far as pos-
sible and insert the stud through the hole

in the end plate from the inner side so

that the puller plate rests against the fin-
ished side of the end plate.
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b. Place the oil seal in position to enter
the plate, and place the slotted pressure
plate over the puller stud and against
the seal. Turn the stud clockwise to force
the seal into position in the end plate.

BLOWER END PLATE
OUTER FACE

PULLER PLATE

.

PRESSURE PLATE

VISE

PULLER STUD
Fig. 13 — Installing Oil Seal in _
Blower End Plate

OIL HOLES LEADING
TO BLOWER
TIMING GEARS

BLOWER END
Y, PLATE COVER

OIL HOLES LEADING FROM BLOWER
TIMING GEARS TO CRANKCASE

Fig. 14 —Blower End Plate with
Seals Installed

2. INSTALL BLOWER FRONT END PLATE. Both
end plates are identical and may be installed
on either end of the blower housing. The top
of each end plate is semi-circular and is
marked “TOP,” on the outer ribbed side. The
top of the blower housing can be identified
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by the flange across the entire length of

housing which provides a rest on top of the -

cylinder block. IMPORTANT: In the following
instructions, the left-hand end of the blower
housing, when viewed from the cylinder
block side, will be considered the front end.
With the above identification in mind, attach
the end plate to the front-end of the blower
housing as follows: )

a. Start the end plate dowels into the dowel
holes of the blower housing. Tap the
dowels and the end plate lightly with a
soft hammer to fif the end plate to the
housing. As there are no gaskets used
between the end plates and the housing,
the mating surfaces must be perfectly flat
and smooth. S

b. Fasten the end plate securély to the
housing with the two fillister head screws,
using no lockwashers. When the end
plates are properly installed, the dowels
will project 3" beyond the outer face of
the end plate. ‘

3. INSTALL ROTORS IN HOUSING. Note that
the lobes on one of the blower rotors and
the teeth on one of the blower gears form
a right-hand helix and the lobes on the other
rotor and the teeth on the other gear form
a left-hand helix. The rotor having the right-
hand helix must be used with the gear hav-

ing right-hand helical teeth and these parts

must be installed in the upper part of the
blower housing. The left hand rotor and
gear must be installed in the bottom part of

UPPER ROTOR

OMITTED UPPER GEAR
SERRATIONS

LOWER ROTOR

LOWER GEAR

| _Fig. 15— Upper and Lower Rotors and Gears




. 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 drive (splined) end of each

rotor shaft and from the hub of each gear..

These serrations are omiited for the purpose
- of timing the rotors and gears when assem-
bling the blower.

a. Place the blower housing on a bench,
with the top flanged 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 ser-
ration on the drive end of each rotor
shaft is facing up, as shown in Fig. 15,
then insert both rotors into the housing.
Use an oil seal installing tool on the
short end of each rotor shaft to expand
the oil seals in the front end plate and to
guide the ends of the shafts into the end
plate.

c. Remove the oil seal installing tools after:

the rotors have been installed.

TOP OF BLOWER HOUSING

OIL SEAL INSTALLING TOOLS

END PLATE

L_. . Fig. 16 ~—Installing Rotors in Housing —__

. and End Plate

4. INSTALL REAR END PLATE. With the rotors
installed in the housing and the -omitted
serration of each shaft facing the top of the
blower housing as explained previously in
step 3, install an oil seal installing tool over
the end of each rotor shaft, then install the
rear end plate in the same manner as the
front end plate. Fasten the end plate to the
housing with two fillister head screws, using
no lockwashers. The dowels in the end plate
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must project 3" beyond the outer face of
the plate. Remove the oil seal installing tools
from the shafts.

5. INSTALL ROTOR SHAFT BEARINGS. The
roller bearings must be installed on the
front (non-serrated) ends of the blower rotor
shafts and the double-row ball bearings on
‘the rear (serrated) ends of the shafts. The
bearing number is stamped on one side of
the race of each bearing. When assembled,
these numbers should face the outer face of
the end plates.

ROTOR SHAFT

BALL BEARING

BEARING INSTALLING TOOL

Fig. 17 —Installing Rotor Shaft Bearings __ |

a. Start each bearing into the end plate
and tap the bearings into place with the
bearing installing tool as shown in Fig.
17. After the bearings have been in-
stalled, check the rotor-to-housing and

the rotor-to-end plate clearances as de-
scribed under “BLOWER TIMING.”

b. Install the bearing retainers with three

(3) capscrews and lockwashers, as shown
in Fig. 12.

6. INSTALL TIMING GEARS ON ROTOR
SHAFTS.

If a used blower is being reassembled with
the original parts, shims were probably used
behind one or both blower timing gears.
These shims, removed when the blower was
disassembled, must be placed on the respec-
tive rotor shaft from which they were re-
moved. If new gears or rotors are being in-
stalled, install the new parts without shims,
and use shims later if necessary, when timing
the rotors. NOTE: The timing gears are
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matched, and when replacement is necessary
they must be replaced as a set.

a. Be sure that the omitted serrations on the
ends of the rotor shafts both point to-
ward the top of the blower housing. The
gear that 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 shafts with engine
oil, then install the gears.

" FUEL PUMP
COUPLING DISC

GEAR
RETAINING
WASHER

CLOTH

L_. Fig. 18 —Pressing Blower Timing Gears on __|
Rotor Shafts

b. With the original shims installed on the
rotor shafts, start both gears on the
shafts, with the omitted serrations on the
shafts and in the hubs of the gears in
line. An “O"” mark or punch mark is in-
dented into the ends of the shafts, at the
omitted serrations, to aid in aligning the
gears on the shafts.

c. Using the retaining washer on the upper
gear retaining capscrew and the cou-
pling disc on the lower gear retaining
capscrew, draw the gears tight against
the shoulders of the rotor shafts by
means of these capscrews. Place a cloth
between the two gears to prevent their
turning. CAUTION: Both gears must be
pressed on evenly and at the same time.
Do not pull the gears up tight if the rotors
come in contact with one another before
the gears are pressed all the way on.

d. After timing the rotors as explained in
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step 7, install the special lockwashers
under the heads of the two capscrews.
Bend two ears of each lockwasher into
the notches in the retaining washer and
the coupling disc, then bend two other
ears against the heads of the capscrews.
The retaining washer on the upper cap-
screw and the lugs of the lockwasher en-
gage slots in the gear hubs. Draw the re-
tainer capscrews reasonably tight but
not tight enough to bend the coupling
“disc, '

7. TIME BLOWER ROTORS. The rotors must be
timed at this stage of assembly. As stated be-
fore, the rotors when properly positioned in

- the housing will revolve with a slight clear-
ance between the lobes. This clearance may
be changed by moving one of the blower
gears in or out on the rotor shaft. This po-
sitioning of the rotors is called “blower tim-
ing” and is accomplished by adding or re-
moving shims between the gear hub and
the bearing located behind the gear. The
shims used to make this adjustment are

.002”, .003", .005", and .010" thick.

When the upper gear is moved out, the
upper rotor will rotate a slight distance in a
counter-clockwise direction when viewed
from the gear end. When the lower gear is
moved out, the lower rotor will rotate clock-
wise when viewed from the gear end. The
clearance between the rotor lobes must be
taken between two of the lobes at each end
and at the mid-section, while revolving the
rotors with the upper rotor turning in a
counter-clockwise direction (viewed from
gear end). Always determine the point of
minimum clearance by using feeler ribbons
14" wide. For measuring clearances of more
than .005,” use laminated feeler ribbons
made up of .002”, .003"”, or .005" thickness.
These feeler ribbons will bend around the
lobes more easily than a single thick one and
a more accurate measurement will be ob-
tained.
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Fig. 19 —Diagram of Blower Clearances .

Turn the rotors by turning the upper gear in
a counter-clockwise direction until the end
of a lobe of each rotor points straight down
at the gear end of the blower, as shown in
Fig. 20. Insert a feeler ribbon through the
opening in the cylinder block side (outlet
side) of the housing and down between the
lobes at this point (“CC,” Fig. 19). Turn the
rotors and take measurements at the mid-sec-
tion and at the opposite end of the lobe. Re-
cord the minimum clearance obtained. Meas-
ure the clearance between the second and the
third pairs of lobes in the same manner. Let
us assume that the minimum clearance ob-
tained from all these measurements was
.010”. Referring to the chart Fig. 19, we find
that the clearance is specified as .002" to
.006". Therefore, the clearance is excessive
and must be decreased to within the speci-
fied range. This can be accomplished by
adding shims behind the lower gear or re-
moving shims from behind the upper gear.
A .003" adjusting shim in back of the blower
gear will affect the rotor clearance approxi-
mately .001”. The clearance must again be
checked after the addition of shims, to make

~certain that the clearance obtained is cor-

rect, and additional shims installed or re-
moved 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 gears must be

I U U
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removed and installed together each time
for the addition or removal of shims.

After the clearance between the lobes has
been measured through the cylinder block
side (outlet side) of the blower and found to
be between .002” and .006”, measure the
clearance (“C” Fig. 19) between the oppo-
site sides of the lobes, through the inlet side
of the housing in the same manner (Fig. 22).
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Fig. 22 — Measuring Clearance Betweeh.___a
Rotor Lobes from Inlet Side

The specified minimum clearance is .016".
When it is impossible to obtain a minimum
clearance of .016” between the lobes when
checked from the inlet side, and the clear-
ance at the outlet side has been adjusted to
the minimum of .002”, it must be assumed
that the rotors are damaged, making it nec-
essary to install a new set of rotors.

The clearance between the ends of the rotors
and the end plates (“A” and “B,” Fig. 19)
and between the rotor lobes and the housing
must also be checked. Measure the rotor-to-
end plate clearance at the ends of each lobe,
taking twelve measurements in all. As speci-
fied on the chart in Fig. 19, there must be a
minimum clearance of .007” at “A” and
.014" at /B.” Measure these clearances by in-
serting feeler ribbons between the ends of
the rotors and the end plate as shown in
Fig. 23. Next, insert feeler ribbons between
the rotor lobes and the sides of the housing,
from both the inlet and outlet sides of the
blower. A minimum running clearance of
.004” is required between the rotor lobes

and the inside of the housing when measur-
ing from the outlet side, and a minimum
clearance of .016" is required on the inlet
side. These clearances can be obtained if
the work is done carefully when assembling
the blower.

HOUSING

FEELER RIBBON

L _ Fig. 23—Me§suring End Clearance Between _
Rotors and End Plates

8. After the rotors have been properly timed
and the gears have been tightened securely
in place, install the rotor driving hub and
plate assembly (flexible type) on the upper
gear as follows:

a. Refer to Fig. 12 and position the driving
hub on the driving hub plates and install
the three (3) attaching capscrews with
plain washers and lockwashers. Tighten
the capscrews securely. '

b. Refer to Fig. 12 and install the driving
hub and plate assembly on the upper
gear using the three (3) spacers between
the plates and the gear. Install three (3)
capscrews, plain washers, and lockwash-
ers and tighten the capscrews securely.

9. If the old gaskets on the end plate covers
are unsatisfactory in any way, cement a new
gasket to each cover and install the covers
on the blower end plates. Install the attach-
ing capscrews and lockwashers.

G. Blower Installation

1. Cement a new blower gasket to the cylinder
block, then place the blower assembly in




position on the cylinder block, entering the
blower drive shaft into the splines of the
blower driving hub. Rotate the blower lobes
by hand until the splines of the drive shaft
can be felt entering the splines in the driving
‘hub of the blower.

2. Properly locate the blower on the cylinder
block and install the attaching capscrews.
NOTE: Be sure that the face of the blower
and the attaching surface of the cylinder
block are clean before installing the blower.

3. Insert two (2) %" capscrews into the two
upper corner holes of the air inlet housing
and place the blower screen on these cap-
screws, then place the air inlet housing as-
sembly in position on the blower and install
the six (6) attaching capscrews.

4. Position the two blower drive cover seals
and hose clamps and tighten the clamps on
the blower drive cover securely.

5. Connect the blower front bearing oil tube to
its fittings in the cylinder block and blower
cover plate, being careful not to damage the
threads on the tube assembly.

6. Connect the primer line to the primer elbow
assembly and clip the primer line in position.

7. Connect the air shut-off control rods to the
air shut-off valve levers with yoke pins and
secure the yoke pins with cotter pins.

8. Slide the air cleaner tube hoses into position
on the tubes and elbows and clamp securely
with the hose clamps. CAUTION: To elimi-
nate the possibility of air entering the blower
at these two points, check your work care-
fully fo see that the hoses are in good condi-
tion and securely installed to form an air
tight seal.

9. Install the right front fender.

6. BLOWER DRIVE ASSEMBLY

A. Description

The blower drive assembly consists of a splined
shaft and flexible coupling, mounted in a hub in
the flywheel housing, and driven by a gear in
mesh with the engine timing gears. The drive is
cushioned by two banks of springs which dampen
engine torque fluctuations to the blower. The
splined drive shaft engages in the driving hub at-
tached to the upper blower rotor gear. The drive
gear turns in a bushing in the driving hub support.

B. Removal of Blower Drive Assembly

Check the end clearance between the drive gear
hub bushing and the thrust washer, before the
blower drive is removed from the engine. Refer
to Fig. 24. '

A clearance of .004"” to .009” is specified at this
point. When this clearance exceeds .012, the sup-
port and bushing assembly must be replaced. Re-
move the blower drive as follows:

1. Loosen the nuts at each end of the oil
pipe leading from the cylinder block to the
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blower drive gear support. The oil pipe will
be freed from the connectors when the sup-
port assembly is withdrawn from the fly-
wheel housing.

2. Remove the flywheel housing star cover, then
remove the blower drive shaft snap ring and
pull the blower drive shaft. Remove the blow-
er drive shaft cover and the two capscrews

R Gk e
| Fig. g End Clearance of Blower
- Drive Assembly
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from the blower drive support assembly. -

3. Tap the support loose from the timing gear
housing and withdraw the drive assembly.

C. Blower Drive Disassembly

1. Remove the capscrews that attach the drive
coupling retainer, coupling support, and the
blower drive gear to the drive gear hub and
remove the coupling support and retainer
from the drive gear hub.

2. Clamp the support assembly in a vise.
Straighten the lock and remove the nut, lock-
washer, thrust washer, and steel lock ball
from the front end of the drive gear hub.

~ Withdraw the hub and the drive gear from
the support assembly.

3. Press the drive gear from the gear hub. If
the support assembly is to be changed, re-
move the oil tube elbow from the support
assembly. -

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

D. Inspection of Blower Drive Parts

Inspect the bores and the thrust faces of the bush-
ings inside the blower drive support assembly. If

‘the bushings show any score marks that would of-

fect the bearing efficiency, a new support and
bushing assembly must be installed. These bushings
are lined bored, therefore, in case of a bushing
failure the entire support assembly must be re-
placed. Check the inside diameter of the bushings

for wear and roundness, and the outside diameter

of the drive gear hub, at the bearing surfaces (jour-
nals), for wear. The proper clearance between the
bushings and the hub is .002” to .0035"” and must
not exceed .007”. f measurements show that the
bushings or hub are worn to exceed .007”, install
a new support and bushing assembly, or drive gear

hub, or both.
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Inspect the serrations on the blower drive shaft and
if they are worn so that excessive backlash is felt
between the drive shaft and the coupling cam or
between the shaft and the drive coupling, a new
shaft must be installed.

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

Be sure that the oil holes in the support assembly
are open and that the oil cavities are free from dirt.

E. Assembly of Blower Drive

1. Install the drive gear in position on the drive
gear hub. Clamp the support assembly in a
vise. Coat the outer side of the drive gear
hub and the bushings in the support assem-
bly, with an engine oil and insert the hub
into the support assembly, from the rear.

2. Hold the drive gear hub in position in the
support assembly and place the steel lock
ball in the hole in the front end of the hub.
Place the thrust washer on the hub over the
ball, with the large diameter of the washer
facing the thrust face of the bushing in the
support. '

3. Prevent the hub from turning by inserting
bolts in two of the holes in the hub-and hold-
ing the bolts with a bar. Install a new lock-
washer on the front end of the hub, next to
the thrust washer, then install and tighten
the lock nut. Check the end clearance be-
tweeen the bushing and the thrust washer,
this clearance must be between .004” and
.009.” Bend the ears of the lockwasher over
the flat sides of the nut to prevent the nut
from becoming loose.

4. If the coupling springs and the cam were
removed from the coupling support, a small
“C" clamp may be used when assembling.
Lubricate the spring leaves with engine oil
and divide them into two (2) banks of 21
leaves each. Place two (2) of the half-round
spring seats in position in the coupling sup-
port, then place one (1) bank of springs in
position in the coupling support and on the
seats. Hold the cam in position on the springs,
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then using a 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 springs may be in-
stalled. Install the other two (2) half-round
spring seats in position and install the other
bank of spring leaves. Remove the “C”
clamp.

Place the flexible coupling assembly in po-

sition on the drive gear hub so that the lobes .

SUPPORT ASSEMBLY DRIVE SHAFT COVER

HOSE CLAMP

DRIVE SHAFT
LOCK WASHER

THRUST WASHER
TUBE ASSEMBLY

BLOWER

of the coupling cam are located over the
5/32" oil groove slots in the face of the
drive gear hub. Make certain that the snap
“ring groove in the bore of the coupling cam
is positioned to the rear when installed.

6. Place the coupling retainer against the cou-
pling support, with its center flange facing
away from the coupling support. Install the
attaching capscrews and lockwashers.

F. Installation of Blower Drive

1. Cement a gasket to the rear side of the sup-
port assembly flange. Place the oil tube, ex-
tending to the blower drive, in position
against the connections in the cylinder block
and the support assembly, as the blower
drive assembly is incerted into the timing
gear housing. The blower drive gear must
mesh with the idler gear as the blower drive
is pushed into the timing gear housing. At-
tach the support, using four (4) %" NF x
6%" bolts and two (2) %" NC x 1%" cap-
screws. CAUTION: Make certain that the two
(2) short capscrews are of the proper length,
as longer capscrews will strike the idler gear.
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2. Install the blower drive shaft cover and the
blower drive shaft. Install the blower drive
shaft snap ring in position in the coupling

cam. Install the flywheel housing star cover
and connect the cylinder block to support
assembly oil tube.

7. AIR BOX AND CYLINDER LINER AIR PORTS

A. Air Box and Drain Tubes

The upper part of the cylinder block is hollow and
is called the air box. The cylinder liners extend
through this hollow part and down into the lower
part of the block. Air ports in the cylinder liners
register with openings in the air box. Air injected
into the air box by the blower passes through the
air box and into the cylinders, through the air
ports in the liners, as the ports in the liners are
uncovered by the pistons.

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. Four (4) air box drain tubes, located two on
the right and left sides at the front and rear of
the cylinder block, are provided for drainage. It
is important that these drain tubes be kept open at
all times.

If the tubes are open and functioning properly, a -

stream of air can be felt emerging from the end of
the tubes when the engine is running. If the tubes
become clogged, push a wire through the tubes or
remove them and clean the openings.

B. Cylinder Liner Air Ports

The engine is equipped with cylinder liners having
a row of 15 holes, 11/16" in diameter, drilled in
the circumference of each liner. These holes, or
ports, must be kept open to permit free passage of
air into the cylinders for combustion of fuel. Inspec-
tion for the condition of the air ports should be
made at frequent intervals (at least every 500
hours), as hard carbon or sludge will build up in
the ports and restrict the port openings. Remove
the inspection covers from the left side of the cyl-
inder block to inspect the ports.

If inspection reveals the port openings reduced by
30% or more- due to clogging, cleaning of the
ports is necessary. The cylinder head must be re-
moved to clean the ports properly and to remove
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the carbon or sludge scraped from the ports during
the cleaning operation. Proceed as follows to clean
the ports:

1.. Remove the cylinder head assembly. Refer to
“CYLINDER HEAD REMOVAL,” Section IX.

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

3. Using a bolt, or a square stick of wood,
sharpened to a tapered point, clean all ports
from the inside of the liner.

4. After all the holes 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 ports with fine emery paper to
be sure no burrs or nicks are left on the inside
of the liner. Again clean the cylinder with
compressed air, before turning the engine to
work on another cylinder.

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

Fig. 27 — Cylinder Liner Air Ports




air box. Remove the air box inspection cov-
ers, the blower assembly and the air box
drain tubes and fittings, while cleaning the
air box.

6. Be sure that the openings in the air box
drain tubes and the fittings are clean before
reinstalling the tubes.

NOTE: With the cylinder liners removed from the
engine, the ports may be cleaned by soaking the
liners in a hot caustic solution of soda or lye long
enough to loosen carbon deposits. Final cleaning
may then be accomplished by brushing away the
loosened deposits.

8. COLD WEATHER ENGINE PRIMER

A. Purpose

In warm weather, sufficient heat is generated by
the compression of the air within the cylinders to
ignite the fuel and start the engine within a 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 the compression of the air is
then absorbed by the cold pistons and cylinder
walls. This loss of heat and the reduced cranking
speed may result in the temperature of the air in
the cylinders being too low to ignite the fuel. A
starting aid must then be used in starting the en-
gine.

B. Description

The cold weather engine primer consists of a dis-
penser assembly, which holds and punctures a cap-
sule containing ethyl ether fluid, a primer pump to
force the fluid through a small nozzle into the air
inlet housing on the engine blower, a primer elbow
assembly, and the necessary lines to complete the
system. The dispenser and primer pump are lo-
cated on the cowl (to the right of the instrument
panel). The vaporized starting fluid . is forced
through the primer elbow assembly and into the air
inlet housing, where it is picked up by the engine
blower and is blown into the cylinders. Since the
fluid is highly combustible, it is easily ignited by
the heat of compression in the cylinders. The en-
gine will start quickly at low ambient temperatures
with the aid of the primer, if the starter will crank
the engine even at a very low cranking speed. The
starting fluid capsules, available in 7 c.c. and 17
c.c. sizes, can be obtained from “Allis-Chalmers”
Dealers. Refer to “Operators Manual” for full in-
structions on the use of the Cold Weather Engine
Primer.

C. Cold Weather Engine Primer
Trouble Shooting

If the engine is cranked with the throtile wide open
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. '

1. Primer Elbow Assembly Clogged

This condition will usually be indicated by
excessive resistance on the primer pump. A
partially clogged primer elbow assembly
will prevent the delivery of sufficient starting
fluid to the air inlet system. To clean the
primer elbow assembly, remove the assem-
bly from the air inlet housing and remove the
small nozzle from the primer elbow assem-
bly. Remove and clean the nozzle swirl pin
and open the hole in the end of the nozzle,
if clogged. CAUTION: Do not enlarge the
hole in the end of the nozzle. After cleaning,

i . i ;
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assemble the primer elbow assembly and in-
stall it in the air inlet housing.

Inoperative Primer Pump

Failure of the primer pump to function prop-
erly may be due to worn or damaged piston
rings, a clogged dispenser filter strainer,
clogged fluid lines, or “frozen” or worn check
valve balls.

The piston rings on the piston are made of a
special rubber composition and must be
replaced by duplicate parts if worn or
damaged.

To replace the piston rings, remove the
knurled nut (under knob) from the pump
barrel and withdraw the piston assembly
from the barrel. Remove the piston rings
from the grooves of the piston assembly
and install new rings. Lubricate the rings and
piston with light engine oil and install the
piston assembly in the pump barrel. Do not
“roll” the rings in position in the grooves of
the piston assembly.

Ball Check Valves

The two spring loaded ball check valves,
located on 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 siroke, drawing fluid
from the dispenser), the ball check valve
at the inlet port opens, allowing the fluid fo
be drawn from the dispenser. When the
pump piston is pushed in (delivery stroke,
supplying fluid to the primer elbow assem- -
bly), the ball check valve at the outlet port
opens, allowing the pump to force the fluid
to the primer elbow assembly.

Worn or “frozen” ball check valves, 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 its components thoroughly and re-
assemble, using new parts where necessary.
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4. Clogged Dispenser Sfrainef Screen

The strainer screen is bolted to the strainer
plug, which is screwed into the bottom of the
dispenser body.

If the gelatine capsules are not removed soon
after puncturing, the gelatine will melt and
will plug the strainer screen in the bottom of
the dispenser body.

To clean the dispenser strainer, unscrew the

strainer plug from the dispenser body and
wash the strainer and plug in hot water.
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The strainer screen may be removed for re-
placement if necessary by removing the
strainer retaining screw from the strainer

plug.

- The dispenser body may be washed without

removing it from the cowl by removing the
upper chamber, the connector, and the
strainer plug.

* Reassemble the dispenser assembly by a di-
rect reversal of the disassembly procedure.
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SECTION IV—ENGINE COOLING SYSTEM

Topic Title
Description of System
General Maintenance

Topic No.

Filling and Draining of System........

2

3

Cleaning of Cooling System 4
........................ 5
' 6

7

8

9

Radiator

Water Pump

Water Manifold and Thermostats

.........

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

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

Fan, Fan Belts, and Fan Belt Adjustment

1. DESCRIPTION OF SYSTEM

The engine cooling system consists of the water
pump, radiator, thermostats, cooling fan, and the
water passages in the cylinder block and cylinder
head. The oil cooler, while basically a component
of the lubricating system, also ‘acts as an engine
cooling agent.

A double acting valve is provided in the radiator
cap for relieving pressure due to expansion (from
heating of the coolant), and allows atmospheric
pressure to enter the radiator when contraction
occurs (due to cooling of the coolant).

The water pump draws the water from the bottom

2, GENERAL

Keep the cooling system filled with clean water,
free from lime or alkali. The use of water contain-
ing lime will result in lime deposits in the cylinder
head and cylinder block, causing hot spots in the
engine and eventually restricting the water pas-
sages. Alkali in the water will cause a corrosive
action detrimental to the engine.

In freezing weather, use an ethylene glycol anti-
freeze solution in the system to protect it against
damage from freezing. This type of anti-freeze has
a much higher boiling point than water. After any
addition of water or ethylene glycol to the cooling
system, test the solution after the added quantity
has become thoroughly mixed to be sure that it
will withstand the prevailing or anticipated tem-
peratures. A mixture of 60% ethylene glycol and
40% water will provide maximum protection; the
use of more than 60% ethylene glycol in the solu-

of the radiator and circulates it through the oil
cooler housing and the water passages in the en-
gine. It then passes from the cylinder head of the
engine, through the thermostats and the upper ra-
diator hose, to the upper part of radiator. The
water is cooled as it passes from the top to the
bottom of the radiator by air circulated through
the radiator core by the cooling fan.

The thermostats, located in the housing on the
front end of the water outlet manifold, operate au-
tomatically to maintain a normal operating tem-
perature of 160° fo 185° F.

MAINTENANCE
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tion will raise the freezing point and provide less
protection against freezing.

Keep the radiator air passages free of leaves, trash,
and other debris that will restrict the flow of air
through the radiator.

As this is a pressure cooling system it is necessary
to keep the radiator cap screwed on tight. All leaks
in the cooling system must be corrected as soon as
they are evident and the fan belts must be kept in
proper adjustment. The most efficient engine op-
eration is obtained with the operating temperature
held within a range of 160° to 185° F. Operating
the engine at temperatures below this range will
result in incomplete combustion of fuel, higher fuel
consumption with less power, and will cause harm-
ful gummy deposits within the engine.




Maintaining the correct engine temperature de-
pends mostly on the proper functioning of the
thermostats. If the engine femperature remains
consistently below normal, the fhermoé’rats should
be removed and inspected. If the thermostats are
corroded and stuck, or if they leak, install new
thermostats. ' '

When operating in cold weather, if the thermo-
stats prove inadequate to maintain the specified
operating temperatures, provide suitable covers for
the radiator and for the sides of the engine com-
partment.

3. FILLING AND DRAINING OF SYSTEM

A. Filling Coolying_ Sysi'.enAlv

The engine is equipped with a water by-pass tube
extending from the thermostat housing (on front
of water manifold) to the water pump. Its purpose
is to allow coolant to pass from the outlet water
manifold directly to the water pump and into the
engine block and head, by-passing the radiator.
This occurs when the engine is first started and
until normal operating temperature is obtained.
When the engine has reached normal operating
temperature, the thermostats will open and allow
the coolant to circulate through the radiator.

The air in the cooling system is vented to the at-
mosphere through a vent cock at the top of the ther-
mostat housing. A drain cock, located on the right
side of the thermostat housing, is provided for
draining the housing. Refer to Fig. 12.

Fill the cooling system through the radiator, after
first closing the drain cocks on the ends of the drain
tubes leading from the oil cooler housing and the
radiator outlet tube. Refer. to Fig. 1.

IMPORTANT: Open the vent cock in the top of the
thermostat housing while filling the system to per-
mit the air, trapped in the engine by the closed
thermostats, to escape. Close the vent cock when

_,Fi. 1 —Cooling System Drains—Bottom View_|

coolant emerges from the vent cock and continue
filling the system.

B. Draining Cooling System

Remove the front cover plate from the bottom of
the crankcase guard. Open the drain cocks, located
on the ends of the drain tubes leading from the oil
cooler housing and lower radiator outlet tube,
and allow the system to drain. Also open the ther-
mostat housing vent and drain cocks.

4. CLEANING OF COOLING SYSTEM

Clear the cooling system at least twice a year,

usually at the beginning of cold weather before an’

anti-freeze solution is put in the system and again
after the anti-freeze solution is removed. Cleaning
at these intervals will reduce clogging and over-
heating and.will minimize the necessity of removing
the radiator for cleaning.

If hard water has been used, ‘fhe. neceséity for
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cleaning is greater, since lime deposits or scale will
form in the radiator, cylinder block, and cylinder
head. This lime deposit is detrimental to the engine
and the radiator core.

1. CLEANING MATERIALS. Sal Soda is a very
effective and safe solvent for removing lime,
scale, and other foreign deposits from the
cooling system. It should be used in the
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proportions indicated and according to
the directions printed on the container in
which it is purchased,

After the solvent has been in the cooling sys-
tem the prescribed length of time, the system
should be completely drained, and after the
engine has cooled sufficiently, thoroughly
flushed with clean water. Many other good
cleaning solvents for this purpose are avail-
able. They also must be used according to
the manufacturer’s directions. The use of
certain cleaning compounds requires the use
of “a neutralizer solution which is usually
packed and sold with the cleaning com-
pound and should be used as directed.

CAUTION: Never,lmix anti-freeze _com-
pounds, or inhibitors with any

cleaning, neutralizing, or ﬂushmg com-

solutions,

pounds.

2 FLUSHING. If the tubes in the radiator be-
come clogged, the obstructions causing the
clogging can usually be removed by reverse
flushing the radiator. When the clogging is
caused by leaves or other trash, this mate-
rial is usually deposited at the tops of the
tubes.

Disconnect the lower radiator hose and con-
nect a pressure water hose to the lower
radiator connection with a suitable adapter.
Then plug the upper radiator hose connec-
tion, remove the radiator cap, and force
water upward through the radiator. The

trash will then be loosened from the top of
the tubes and will be washed out through
the top of the radiator. CAUTION: Do not
use over 5 pounds pressure in fhts flushing
. operation, as excessive pressure may cause
the radiator tubes or tanks to rupture.

3. INSPECT FOR LEAKS AFTER CLEANING OR
" FLUSHING. After the cooling system has
been cleaned or flushed, and before new
coolant is poured into the sysfem a comple're
inspection should be made of the entire sys-
tem to detect and correct any 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 a
reliable rust inhibitor be added to the water
to keep the system free from rust. Use the
inhibitor as directed on the container.

4. CLEANING EXTERIOR OF RADIATOR. Clean-
ing the fins of the radiator can best be ac-
complished by means of an air blast carrying
a 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 gasoline,
fuel, or kerosene. The radiator grille should
be opened and the engine should be cov-
ered before performing this operation.
CAUTION: Provide adequate ventilation of
the working area during this operation to
avoid possible toxic effects of the cleaning

spray.

3. RADIATOR

A. Description

The radiator assembly consists of two (2) cores, one

for the engine coolant and the other for the torque
converter fluid. The two (2) cores are of the con-
ventional tubular type, bolted together and mount-
ed in a heavy (one-piece) radiator shell and shroud
assembly. The radiator cores are protected by a
heavy grille hinged to the front of the radiator
shell. A guard, attached to the rear of the radiator
shell, is provided to protect the fan. Vibration snub-
bers (rubber) are used in attaching the radiator
assembly to the shell to minimize shock and vibra-
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tion. A double acting valve is provided in the radia-
tor cap for relieving pressure due to expansion
(from heating of the coolant), and to allow atmos-
pheric pressure to enter when contraction occurs
(due to cooling of the coolant). A small hole is pro-
vided in the radiator cap, above the pressure valve,
for venting and overflowing.

B. Removal of Radiator

1. Drain the engine cooling system as outlined
in this section.
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L Fig. 3—Radiator Assembly —Rear View ___|

2. Remove the left front fender, the air pre-

cleaners, and the engine hood. Open the ra-
diator grille.

3. Remove the two (2) 3" x 1%" capscrews and
the one (1) 2" x 3%" capscrew from each of
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the two (2) radiator upper mountings and
remove the mountings from the radiator and
shell assembly. Remove the support ring from
the top of the radiator shell assembly. NOTE:
Tractors prior to Serial Number 3847 were
not equipped with this ring.

4. Remove the upper inlet and lower outlet
elbow from the radiator assembly.

5. Remove the five (5) %" x 2% capscrews
from the five (5) radiator bottom mountings
on the left side of the two (2) similar cap-
screws from the mountings on the wright side.

6. Remove the upper and lower headlight wir-
ing harness clips from the side of the radi-
ator core.

7. Disconnect the upper hose line from the fuel
return tube assembly, at the upper left sec-
tion of the torque converter cooling radiator,
and remove the two elbows from the ra-
diator. ‘ ’

8. Disconnect the two torque converter radiator
hoses from the metal tube assemblies and re-
move the 90° elbow from the hose nearest
the center of the engine. NOTE: This is neces-
sary to provide clearance for removal of the
radiator and radiator hose assemblies from
the radiator shell. ) ’

9. Using a suitable hook through the radiator

filler neck, raise the radiator assembly suf-
ficiently to free the snubbers in the lower
mounting from the bottom of the radiator,
ond remove the radiator from the shell.
NOTE: When the radiafor is moved from its
mounted position in the shell, the spacing
tubes used on the center bolts of the top ra-
diator mounts will fall from position. Replace
them in the mounts before the radiator is re-
installed.

C. Inspection and Repaii-

Clean the air passages in the core and test the
core for clogging and leaks. Clean the core if clog-

‘ging is evident and repair any leaks by soldering.

Straighten any bent cooling fins.

L
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D. Installation of Radiator

1. Place the radiator core in position in the shell
and start the two (2) top mounting center
capscrews into the threads of the radiator

Insert one of these assemblies into the right
rear mounting hole on the bottom of the
radiator shell assembly, pull the capscrew
down until the end of the capscrew is even
with the top of the vibration snubber cen-

.

—

|
.

core assembly, -using a lockwasher next to
the head of each bolt. Be sure that the spac-
ing tubes are in position between the front
of the top mounting assemblies and the rear
of the threaded boss of the radiator assem- . :
bly. NOTE: Do not tighten fhe capscrews at - 5. Push the capscrew through the upper snub-
this stage of installation. ber, align the capscrew with threads in the

tered on the capscrew, then install another
vibration snubber in the top of the snubber
mounting hole with the large diameter of the
snubber facing the radiator core.
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tapped block, and screw it into the tapped
SUPPORT RING » block approximately four (4) threads.

SUPPORT RING SHIM

oR : . P
UPPEgAN?(ISAJNT ASSEM. O/ CUSHION STRIP \ 6. Following the procedure as outlined in 4 and
P 5 above, insert a snubber assembly in the
" rear mounting hole on the left side of the
radiator shell.

SPACER 7. Install the remaining five (5) snubber assem-

blies in the other mounting holes at random.
Tighten the capscrews until the rubber parts
of the vibration snubbers are compressed to
the point where the spacing tubes bottom
and prevent further compression. ‘

8. Tighten the centerbolts in the top mountings
until the spacer tubes boﬂom and prevent
further hghfenmg

9. Install the support ring fo the top of the ra-
diator shell on tractors having Serial Num-
bers 3847 and above.

/ﬂ VIBRATION SNUBBERS
SPACING TUBE e

st WASHER

ﬁ/SNUBBER ASSEMBLIES 10. Install the upper (inlet) and lower (outlet)

g g x\ radiator hose connections to the radiator,
g g using new gaskets if necessary.

Fig. 4—Radiator Mounting Details 11. Install the 90° elbow on the hose nearest the

engine then connect both torque converter

2. Raise the radiator assembly as high as pos- :
y 9 P radiator hoses to the metal tube assemblies.

sible without imposing excessive strain on

i Its. '
the two (2) top mounting center bolts 12. Install and connect the fuel return filter as-

sembly, with the fuel return tube attached,
in position on the left side of the torque
converter radiator.

3. Place a lock washer, snubber washer, vi-
bration snubber, and a spacing tube on each
of the seven (7) bottom mounting capscrews.
The bottom vibration snubber is to be in-
stalled on the capscrew with the large di-
ameter of the snubber facing the head of
the capscrew.

13. Bolt the upper and lower headlight wiring
harness clips to the side of the radiator core.
Close and fasten the radiator grille.
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14. Close the drain cocks and fill the cooling
system as outlined in this section.

15. Start the engine and operate it at approxi-
' mately one-half throttle (with engine clutch

disengaged) until the torque converter ra-

- diator is filled, which will be indicated when
the fuel pressure gage registers 30 to 55
pounds. '

6. RADIATOR SHELL

A. Description

The rqdid’ror shell assembly is a heavy steel weld-
ment consisting of a shell and fan shroud. Brack-
ets and tapped blocks are incorporated in the de-
sign of the shell for attaching a radiator screen.
A heavy, bar type, hinged grille is attached to the
front of the shell for protection of the radiator.

B. Removal of Shell

NOTE: The radiator shell assembly may be re-
moved from the tractor without removing the ra-
diator core from the shell, or it may be removed
after the core has been removed. The following
instructions pertain to the removal of the shell and
core as a unit. Removal of the radiator shell assem-
bly with the radiator core removed from shell
is identical with the exceptions of operations 1, 2,
and 8 which will be eliminated from the procedure.

1. Drain the cooling system as outlined in this
section.

2. Remove the air pre-cleaners and the engine

hood.

3. Remove the hex nuts from the front ends of
the bracing rods used in bracing the cowl
and the radiator shell.

4. Disconnect the head light wiring harness at

the fuse plug, located at the right rear of the

~ radiator shell, and remove the clip from the
. top of the left shell mounting pad.

5. Remove the capscréws attaching each front
fender to the radiator shell and frame, then
remove the fenders.

6. Remove the %" x 2" capscrews from the rear

 of each radiator shell bracing rod. It is not
necessary to remove the bracing rod from
the shell assembly.
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7. Remove the mounting bolts used to attach the
bottom of the radiator shell to the main
frame.

8. Remove the four (4) capscrews which attach
the radiator inlet to the top of the radiator,
and the four (4) capscrews which attach
the radiator outlet elbow to the bottom of
the radiator.

9. Disconnect the torque converter inlet and
outlet hoses from the metal tube assemblies
and disconnect the fuel return tube assembly
at the left side of the radiator.

10. Remove the four (4) 3" x 1" capscrews at-
taching the fan guard to the radiator shell
and allow the guard to rest on the fan

pulley.

11. Using a suitable rope sling or chain, raise the
core and shell assembly to remove its weight
from the main frame, then move the assem-
bly forward being careful not to strike the
fan with the shroud part of the shell as-
sembly.

C. Installation of Shell

1. Place the radiator and shell assembly in
position on the main frame and secure the
mounting pads to the main frame with 34"
x 2%" capscrews and flat washers. Install the
capscrews used to secure the radiator shell
bracing rods to the main frame and tighten
the capscrews securely.

2. Attach the front fenders to the radiator shell
and to the main frame, using flat washers
and lockwashers under the capscrew heads
attaching the fenders to the main frame, and
flat washers, lockwashers, and hex nuts, in
the order named to attach the front fenders
to the radiator shell and to the rear fender
assembly. '
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3. Place a new gasket on the radiator inlet and
secure the radiator inlet-to the top of the
radiator with four (4) capscrews and lock-
washers. Place a new gasket on the radiator
outlet elbow and secure the outlet elbow to
the bottom of the radiator with four (4)
capscrews and lockwashers.

4. Connect the torque converter hoses and the
fuel return line. '

5. Attach the headlight wiring. harness clip to
the shell mounting pad, insert the fuse in the
fuse plug, and connect the two halves of the
fuse plug. ' o

6. Install the bracing rod nuts, engine hood,
ond air pre-cleaners.

7. Fill the radiator with coolant (refer to “FILL-
ING AND DRAINING OF SYSTEM” in this
section).

8. Start the engine and operate it at approxi-
mately one-half throttle (with engine clutch
disengaged) until the torque converter ra-
diator is filled, which will be indicated when

* the fuel pressure gage indicates 30 to 55
pounds. ' '

7. WATER PUMP

A. Description

A centrifugal type water pump is used for circulat-
ing the coolant through the engine and the radia-
tor. A bronze impeller is pressed on, and pinned to,
one end of the steel pump shaft, and a pump drive
gear, keyed in position, is bolted to the other end
of the shaft. The shaft is supported at the drive end
by o sealed single row combination radial and
thrust ball bearing secured in position in the pump
housing with a retaining ring. A single row sealed
bearing is used to support the center of the shaft.

Water is prevented from creeping along the shaft
at the impeller end, by means of a spring loaded
rubber seal, retained in the impeller by a steel
stamping.

NOTE: The water pumps used on HD20 Tractors
have had three different sealing arrangements. It
is suggested, when overhauling a pump, that the
latest type seal be used as outlined in “WATER
PUMP ASSEMBLY.”

B. Water Pump Lubrication

The water pump ball bearings are of the “shielded”
type and were filled with lubricant when assem-
bled, therefore, no further lubricationis necessary.

C. Service

The construction of the water pump is conducive
to long life with minimum attention, provided that
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only clean water is used in the cooling system and
care is taken to keep dirt and abrasive material
from being circulated through the cooling system.
Water containing alkali is very harmful to the
water pump as it causes corrosion of the water
pump seal. . '

D. Removal of Water Pump

1. Drain the cooling system as outlined in this
section.

2. Remove the left front fender, then remove
the oil cup from the bottom of the front air
cleaner. C :

3. Remove the water pump vent tube from the
top of the pump housing and the water by-
pass tube. '

4. Remove the four (4) hex nuts and lockwash-
ers attaching the water inlet elbow to the
pump body elbow. Loosen one- of the large
hose clamps on the water inlet elbow and
the two small hose clamps used between the
water by-pass tube eltow and the water
by-pass tube. Loosen the lower hose clamp
used between the water by-pass adapter
assembly and the by-pass tube. Turn the
tube and the water inlet elbow to provide
clearance for the removal of the water pump.

5. Remove the six (6) hex nuts and lockwashers
- attaching the water pump to the cylinder




DER BLOCK
FRONT COVER

Fig. 5—Water Pump Location

block front cover and remove the water
pump from the cover.

E. Water Pump Disassembly

1. _Remove the six (6) hex nuts and lockwashers
attaching the pump body elbow to the pump
body and remove the elbow and gasket from

the body.

2. Using a small punch, drive the 5" x 1” pin
out of the shaft and impeller assembly.

3. Remove the pump shaft gear retaining bolt,
lockwasher, coupling disc, and the pump
shaft gear from the pump shaft. Remove the
retaining ring used in retaining the front
bearing in the pump body assembly.

4. Place the pump in an arbor press, as shown
in Fig. 6, and press the shaft out of the im-
peller. The shaft, both bearings, and the
spacer will be removed from the pump hous-
ing as an assembly in this operation. If re-
placement of the carbon sealing washer or
the pump body steel insert washer is the
only repair necessary, no further disassem-
bly of the pump need be made as all seal
parts may now be removed.

IMPELLER

WATER PUMP BODY

Fig. 6 ;Pressing Water Pump Shaft
from Impeller

ARBOR

IMPELLER SHAFT,

Fig. 7 — Removing Bearings from
Impeller Shaft

5. W further disassembly of the impeller shaft is
necessary, the bearings may be removed

)
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from the impeller shaft as shown in Fig. 7.

F. Inspection and Repair

Repair of the water pump will consist of the re-
placement of any parts that are worn. If the carbon
seal washer or the steel insert washer (in the pump
body) are scored or rough, they must be replaced
as follows:

1. Turn the pump body so that the rear side of
the pump housing is down, insert a 78" di-
ameter shaft against the steel insert washer,

- and drive the insert washer from the pump
housing. -

2. Discard the complete seal assembly and in-
spect the four (4) impeller slots for wear at
the points of contact with the lugs of the old
carbon seal. If the wear in the impeller siots
does not exceed 1/16", the worn areas may
be filed smooth, removing the same amount
of material from each impeller slot. If the
slots are worn more than 1/16", the im-
peller must be replaced.

3. When re-conditioning o pump used on trac-
tors having engine serial numbers prior to
6B-2985, several modifications must be made
to the impellers as follows:

a. The four (4) seal drive slots in the im-
peller must be tapered as shown in Fig.
8. This will prevent the metal seal washer
from “hanging-up” in the seal drive slots,
as the seal lugs form notches in the seal
drive slots due to wear. Tapering the
slots permits the carbon seal washer to
remain pressed against the insert washer
at all times. ‘

~b. Drill four (4) 4" diameter holes in the
impeller as shown in Fig. 9. These holes
allow the coolant to circulate around the
seal assembly, thus providing better cool-
ing and lubrication for the seal. It also
provides for a flushing action to wash
away sludge or foreign material which
may tend to collect near the rear of the

" pump housing.

71

IMPELLER

4 HOLES—.125 DIA.

_ Fig. 9— Location of Holes in Impeller

4. Inspect the water pump shaft and remove
all rust and scale. This is necessary as the
shaft acts as a pilot for the new carbon seal
washer. ‘

G. Water Pump Assembly

Before starting to assemble the pump study Fig. 10,
which shows the relative location of all parts of
the pump, then assemble as fqllows:

1. Install a new type insert washer in the water
pump housing, using an arbor press. Use




GEAR RETAINING CAPSCREW
LOCKWASHER

PUMP SHAFT GEAR
SPACER

COUPLING DISC

BEARING RETAINING RING
PUMP SHAFT BEARING (FRONT)

PUMP SHAFT BEARING (REAR)

PUMP BODY ASSEMBLY

care to avoid damaging the sealing face of
the insert washer.

. If the ball bearings were removed from the

pump shaft, install the bearings and spacer
on the shaft, then install the shaft and bear-
ings into the bore of the pump housing by
pressing on the inner race of the outer bear-
ing. Install the bearing retaining ring.

Assemble the seal spring, seal clamping ring,
seal spring guide, seal, and seal washer in
‘the impeller hub and secure in position with
the seal retaining ring. Check the action of
the seal assembly in the impeller hub, by
pressing in on the seal washer with the
thumbs. The seal assembly should compress
approximately %" and when released, must
return freely to its position against the seal
retaining ring.

Start the impeller and seal assembly on to
the shaft so that the pin hole in the shaft is
midway between two adjacent blades of the
impeller. Support the drive gear end of the
pump shaft on the bed of an arbor press,
using a sleeve or tube with a bore of 13/16”
placed over the small hub of the impeller,
press the impeller on to the shaft so that
the distance from the hub face of the im-
peller to the face of the pump housing is
.654" to .658.”

: KEY\= PUMP SHAFT
b

| 'Fig. 10 —Water Pump Details

SEAL SPRING GUIDE
SEAL WASHER
INSERT WASHER

®
- - GECTD . NV
A IMPELLER
SEAL CLAMPING RING
SEAL (RUBBER)
SEAL RETAINING RING

SEAL RING (RUBBER)

GROOVED PIN
SEAL SPRING

5. Insert a.125” drill in the pin hole of the shaft
and drill through the hub of the impeller.
Install the %" x 1” pin in the hole until it pro-
trudes through the impeller hub.

6. Install the pump shaft gear key in the shaft,

‘ align the slot in the gear with the key, and

press the gear onto the shaft. NOTE: Support

the other end of the shaft when performing

this operation; do not use the bell of the
pump housing as a support.

7. Install the coupling disc, lockwasher, and re-
taining capscrew on the pump shaft. Tighten
the retaining capscrew to 50-60 ft. lbs.
torque and lock in position with the lock-
washer.

8. Place a new pump housing elbow gasket on
the studs of the pump housing then install the
pump body elbow on the studs, so that
the opening in the elbow will point down
when the pump is installed. Secure the elbow
to the pump with nuts and lockwashers.

9. Rotate the pump by hand to check for clear-
ance of the impeller.in the pump housing.

"10.. Remove the %" NPT pipe plug at the loca-
tion between the two pump shaft bearings,
from the pump body. Install a lubricating
fitting in the pipe plug hole and fill the bear-
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ing cavity with high temperature ball ‘and
roller bearing grease. CAUTION: Do not
force grease ouf of seals at ends of shaft.
Remove the lubricating fiiting and reinstall
the 18" pipe plug.

H. Installation of Pump

1. Install the pump assembly in the opening of
the cylinder block front cover, using a new
attaching gasket between the pump assem-
bly and the cover. Rotate the pump to mesh
the pump drive gear with the pump driving
gear. ‘

2. Secure the pump to the cylinder block front
cover with hex nuts and lockwashers, then
turn the water inlet elbow to align with the
pump body elbow and attach the two elbows
with the hose. Tighten the hose clamp se-
curely. '

3. Turn the water by-pass tube to align with
the by-pass tube elbow and connect with the
hose. Tighten the connecting hose clamps
securely.

4.

Install the water pump vent tube to the top of

8. WATER MANIFOLD

A. Description

Coolant leaving the cylinder head through the
openings directly over each exhaust port, enters
the water manifold attached to the cylinder head.
A gradually increasing area in the manifold from
the rear end terminates in a flange at the front of
the manifold where the thermostat housing is at-
tached.

Unrestricted water flow through the circulating sys-
tem is accomplished by the use of two thermostats,
positioned so that, when the thermostats are closed,
the flow of water from the engine water manifold
to the radiator inlet (upper hose) is shut off. The
flow of water is then directed from the manifold
to the water by-pass tube and then back to the
inlet side of the water pump.

Before the thermostats start to open (below water
temperature of approximately 165° F.), the water
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WATER PUMP ADAPTER COVER

PUMP BODY ELBOW

. ADAPTER ASSEMBLY
GASKET

PUMP BODY

WATER INLET ELBOW

WATER INLET ELBOW PLUG

LFig. 11 —Water Pump and Connecting Parts __

the pump housing and to the wafer.by-pdss
tube. -

5. Install the air cleaner oil cup in position on
the bottom of the front air cleaner and install
the left front fender.

6. Fill the cooling system as outlined in this
section.

AND THERMOSTATS

circulates through the engine circulating system
only. When the thermostats open (fully opened at
approximately 185° F.), the water circulates
through the radiator and the entire circulating
system.

B. Service

Replacement of the thermostats will be necessary
when the thermostats become corroded and stick
in the open or closed position, or when the ther-
mostats become inoperative for any other reason.

C. Thermostat Replacement

1. Drain the cooling system as outlined in this
section.

2. Disconnect the radiator inlet hose from the
water outlet elbow on front of water
manifold.
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Fig. 12 — Water Manifold Detdails

D; Water Manifold Replacement

1.

Remove the six (6) capscrews attaching the 3. Remove the thermo gage tube from the rear
elbow to the front of the water manifold, of the water manifold.. Remove the six (6)
then remove the elbow, gasket, thermostat capscrews attaching the outlet elbow to the
housing, and the thermostats. front of the manifold.
Clean the thermostat seats in the elbow. Ex- 4. Remove the nuts and lockwashers attaching
amine the gaskets, used between the elbow the manifold to the cylinder head and re-
and the housing and between the water move the manifold. Remove the manifold-to-
manifold and the housing, and replace if - cylinder head gaskets. Clean all traces of
necessary. the old gaskets from the cylinder head and
o the manifold.
Using gasket cement or sealing compound,
cement the gaskets in place. Place the ther- 5. Using gasket cement or sealing compound,
mostats in position in the thermostat housing cement a new gasket in position around each
(large end facing forward), then install the -~ opening in the cylinder head and place the
elbow. Install the attaching capscrews and manifold over the attaching studs. Install the
tighten securely. lockwashers and nuts on the studs and tight-
o en the nuts evenly, starting at the center of
Coat the inside of the elbow connecting hose the manifold and working towards each end.
with sealing compound and connect it to the :
elbow. 6. Install the outlet elbow and thermostats as
' described in“THERMOSTAT REPLACEMENT”
Fill the engine cooling system with coolant in this section. :

.as outlined in this section..

7. Install the thermo gage tube in the rear of
the manifold. Install the exhaust muffier using
new gaskets. Install the engine hood and the

Drain the cooling system ds outlined in this . .
. engine air pre-cleaners.
section.
. . . 8. Fill the engine cooling system with coolant
Remove the engine air pre-cleaners, engine

as outlined in this section.
hood, and the exhaust muffler.
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9. FAN, FAN BELTS, AND FAN BELT ADJUSTMENT

A. Description

The fan circulates air through the engine cooling
radiator and helps to cool the engine coolant as it
flows from the top to the bottom of the radiator
core. The fan assembly is mounted on a bracket

" which is bolted to the engine camshaft gear cover.

The fan is bolted to the fan pulley, which rotates
on two ball bearings and is driven by two (2)
V-belts from a pulley on the front end of the engine
crankshaft. A generator mounting bracket, bolted
to the right side of the engine block is provided
as a means for adjusting the fan belts.

B. Lubrication

The fan bearings and the generator drive bearings

" must be lubricated after each 200-hours of opera-

tion. A lubricating fitting is provided on top of the
fan mounting bracket and on top of the generator

e

| Fig. 13 —Fan Belt Adjustment?

drive housing for lubricating the bearings. Use only
a hand operating type grease gun when lubricat-
ing, to prevent damage to the oil seals from too
much pressure.

C. Fan Belt Adjustment

The belts are properly adjusted when the straight
(left) side of the belts can be pressed inward ap-
proximately 1% inches at.a point half-way between
the crankshaft and the fan pulleys.

75

To Adjust the Fan Belts

1. Loosen the two generator hinge bolts and
the adjusting arm capscrew.

2. Move the generator in or out until the cor-
rect tension of the belts is obtained.

3. Tighten the cqpsi:rew in the adjusting arm
and the two generator hinge -bolts.

D. Removal of Fan

1. Remove the engine pre-cleaners, engine
hood, fan guard, and the right front fender.’

2. Drain only enough of the engine coolant:

from the system so that the radiator inlet
may be disconnected and removed, then
disconnect and remove the radiator inlet
from the radiator.

3. Loosen the tension on the fan belts, remove
the three (3) capscrews attaching the fan
mounting bracket to. the engine camshaft
gear cover, and remove the two (2) fan belts
from the fan pulley. Remove the fan assem-
bly from the engine. '

E. Disassembly of Fan

1. Remove the capscrews attaching the fan to
the pulley hub and remove the fan and the
fan spacer.

2. Remove the nut and the fan mounting wash-
er from the rear end of the fan spindle
(shaft), then using a suitable puller, remove
the fan mounting bracket from the spindle.
Remove the “WOODRUFF” key from the
shaft.

3. Remove the snap ring from the fan pulley

and turn the seal washer retainer out of the
fan pulley. Remove the seal washer, retain-
ing washer, and retaining washer gasket.

4. Install the nut back on the rear end of the
fan spindle (shaft), place the assembly in a
vise by clamping the nut, then drive the pul-
ley off the fan spindle assembly.
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5. Remove the fan spindle nut from the front
end of the spindle, place the spindle assem-
bly in a press, and press the shaft out of the
bearings.

F. Inspection of Fan Parts

Wash all the parts in clean solvent or fuel and in-
spect them for wear or damage. Lubricate the
bearings with engine oil and rotate them by hand
to check them for binding or roughness. Replace
them if they do not roll easily or if they have tight
spofs. The bearings must fit snugly in the pulley
hub and on the fan spindle. Replace the spindle if
it is bent or worn, or if the threads are damaged
beyond repair. Discard the seal washer (cork seal)
in the retainer and install a new one when assem-
bling. Replace the fan'belts if they are frayed.
Make certain that the pulley grooves are smooth.

G. Assembly of Fan

Refer to Fig. 14 which shows the relative location.
of the fan parts.

1. Press the rear ball bearing into position on

the fan spindle. Place the bearing spacing

sleeve and the bearing spacing washer in

position on the spindle and line up the lu-
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FAN MOUNTING BRACKET

Fig. 14 —Fan Details

bricating hole in the spacing sleeve with the

hole in the spindle. Press the front ball bear-

ing into position on the spindle, making cer-
tain that it is pressed on tight against the
spacing washer. Install the fan spindle nut
on the front end of the spindle and tighten
it securely.

Start the spindle assembly into the back bore
of the pulley, then press or drive it into posi-
tion.

Place the rear bearing retaining washer gas-
ket and the retaining washer in position on
the spindle and install a new seal washer
(cork seal) in the seal washer retainer. Be-
fore installing the seal washer retainer in the
fan pulley, it is necessary to mark the loca-
tion of the hole (in the retainer) for the lock-
ing prong of the snap ring, as the hole is not
visible when the retainer is installed. Install
the retainer and tighten it snugly by using a
punch and hammer, but do not overtighten
as the seal washer (cork seal) might be
damaged. Install the snap ring around the
hub of the pulley with the prong of the snap
ring inserted through the hole in the hub
and into the hole in the retainer.
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Install the pulley cap in the front end of the
pulley hub if it was removed. Install the
"WOODRUFF” key in the rear end of the
spindle, then press the fan mounting bracket
intfo place on the spindle. Install the fan
mounting washer and. nut. Tlgh'ren the nut
securely.

Install the grease fitting in the top of the
fan mounting bracket if it was removed. Fill
the bearing compartment of the pulley with
lubricant through this fitting.

Place the fan spacer and the fan in position
on the pulley and install the attaching cap-
screws.

H. Installation of Fan

Hold the fan assembly in position on the en-
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gine, then place the fan belts and the gen-
erator driving belt in the grooves of the fan
pulley. Install the three (3) capscrews and -
lockwashers used to attach the fan mounting
bracket to the engine camshaft gear cover .
and tighten the capscrews securely.

. Adjust the fan belts as outlined in this section.

Coat the inside of the radiator inlet connec- -
tion hose with sealing compound, then install
the radlafor inlet. Tlgh'ren the hose clamps -
securely.

Install the _righ'r front fender, fan guard, en-
gine hood, and fhe engine air pre-cleaners.

F|Il the engine coolmg sys’rem wnh coolant -
as outlined in this section.




SECTION V—ENGINE LUBRICATING SYSTEM

Topic Title Topic No.
Description of System ............ . 1

Lubricating Oil Pump ..............
Qil Pressure Regulator ..............
Pump Driving Gear ................
Lubricating Oil Cooler ... ...........
Lubricating Oil Filters ..............

Crankcase Breather . . .

NO O h WN

1. DESCRIPTION OF SYSTEM

The engine lubrication system, shown schematical-

ly, consists of a gear driven oil pump, an oil cooler,

oil filters, a by-pass valve and a pressure regulator
valve.

The pump draws oil from the oil pan and delivers it
to the oil cooler. From the cooler, the oil enters the
longitudinal oil gallery in the cylinder block where
the oil supply divides, part of it going to the cam-
shaft end bearings and part to the main bearings
and the connecting rod bearings—via the hollow
crankshaft. Oil for the lubrication of the connecting
rod bearings, piston pins and bushings and for the
cooling of the piston heads is provided through the
drilled crankshaft. The oil for the lubrication of

the piston pin bushings and for cooling the under
side of the piston heads is conducted through the
drilled passages in each connecting rod.

An external oil line, leading from the oil gallery
at the left front side of the cylinder block to a two
(2) way elbow in the front rocker shaft bracket, and
the addition of an oil jumper tube connecting to
an elbow in the rear rocker shaft bracket provides
increased lubrication to the entire valve actuating
mechanism, including the cam followers.

The idler gear roller bearing in the rear timing
gear train and the blower drive support shaft and
bushing are lubricated by external oil lines, these

QERONT '~ ~y TOREAR
GEAR TRAIN TO UNDER SIDE OF PISTON HEADS ( GEAR TRAIN
DRAIN BACK TO PAN
CRANKSHAFT MAIN BEARING
OIL PASSAGE
J )
REGULATOR \ MAIN OIL }l
VALVE GALLERY
. oL olL.
COOLER  FILTERS
Atdddiduaacaddig
W
ll[m | NANERAN
1 BY-PASS
VALVE
L = )8 e J
SCAVENGING \*)p?qgssums
OlL PUMP 0IL PUMP
Fig. 1 — Schematic Lubrication Oil Diagram
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lines connect to an oil gallery at the right rear
side of the cylinder block. The front blower bear-
ings are lubricated by an oil line attached to the
oil gallery at the right side of the cylinder block
near the front. The rear blower bearings are lubri-
cated by oil draining from the blower drive sup-
port through the blower drive shaft cover info the
blower end cover.

The camshaft end bearings are pressure lubricated
through drilled passages in the cylinder block and
into a cavity in the center of the camshaft end
bearing. A hole leading from the cavity allows oil
pressure lubrication to the camshaft end bearings.
The oil then flows through the drilled camshaft for

pressure lubrication of the camshaft intermediate
bearings. '

The camshaft end bearings have a slot cut in the
raised section of the outer diameter of the bearing
cage. Oil, under pressure from the camshaft bear-
ing, is forced through the %4” milled slot and out
along the small grooves of each intermediate
bearing.

The ends of the small grooves act as nozzles, thus
spraying lubricating oil on the lobes of the cam-
shaft, creating a splash of oil which provides a bet-
ter and more efficient method of lubricating the

rollers and bushings of the cam follower assemblies. “

2. LUBRICATING OIL PUMP

A. Description

The lubricating oil pump consists of two sets of
pump gears enclosed in a pump body bolted to the
two rear main bearing caps and driven by a gear
on the rear end of the crankshaft.

Two drive gears are keyed to a drive shaft, which
is supported in the housing on two bronze bearings
with a driving gear keyed to the outer end of the
shaft. Two driven gears in mesh with the driving
gears are bushing mounted on a dead shaft
pressed into the pump body.

The oil pump draws the oil supply from the oil pan.
The discharge from the pump is into a pressure
regulator and relief valve casting. The regulator
valve maintains a nominal pressure of 50 psi in
the main oil passage. The by-pass valve opens and
allows oil to by-pass the oil cooler when the pres-
sure drop through the cooler exceeds 26 psi.

B. Oil Pump Removal

1. Remove the crankcase guard assembly.

2. Drain the oil from the oil pan. and remove. .. ... -

the upper and lower oil pans from the
engine.

3. Remove the two (2) oil screens to the inlet
pipes. Remove both inlet pipes from the
pump body.
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4. Remove the oil pump screen brackets from
the main bearing caps and remove the five
(5) capscrews used ‘in attaching the pressure
regulator casting to the cylinder block. Re-
move the assembly from the engine.

C. Disassembly of Qil Pump

1. Remove the oil pressure regulator from the
oil pump by removing the capscrews attach-
ing the regulator to the oil pipe.

2. Remove the four (4) capscrews attaching the
scavenging pump body to the oil pump body
and separate the two bodies.

3. Remove the scavenging pump drive gear
" and driven gear from the pump drive and
driven shafts, then remove the “WOOD-
RUFF” keys from the pump drive shaft. Slide
the pump body spacer off the shafts.

4. Remove the oil pump driven gear from the -
driven shaft. NOTE: If the driven shaft is
worn or scored, so that replacement is neces-
sary, press the shaft from the oil pump body
at this-time: If shaft replacement-is not neces- -
sary, the shaft need not be removed from

“the pump body.

5. Support the oil pump body on a bench vise,
and, using a suitable puller, pull the pump
driving gear from the drive gear shaft.
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Fig. 2—Oil Pump Detdils
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L___ Fig. 3 — Lubricating Oil Pump Mounting ___|

6. Remove the “WOODRUFF” key from the
driving end of the shaft, then push the drive
shaft and gear from the oil pump body.

7. Using a suitable arbor press and arbor, press
the drive gear from the drive shaft.

8. Support the pump body in a bench vise and
thread the bushing remover (tap) into one
of the bushings until sufficient threads are

DRIVEN GEAR SHAFT DRIVE  GEAR

DRIVE GEAR SHAFT

cut in the inside diameter of the bushing to
hold the bushing remover in position when
pressing on the remover to remove the bush-
ing from the pump housing.

9. Place the pump housing in position on an
arbor press, and press the bushing from the
pump housing. Repeat the above procedure
on the other pump housing bushing.

~————DRIVEN GEAR SHAFT

;&——QIL PUMP BODY
ASSEMBLY

g —BUSHING REMOVER. TOOL (TAP)

|__ Fig. 4—Remov. g Oil Pump Body Bushings __|

D. Cleaning and Inspection of Oil
Pump Parts

1. Wash the oil pump parts in clean solvent of
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fuel oil and thoroughly inspect them before »

reassembly of the pump is made.

The principal wearing parts of the oil pump
are the pump gears. If dirt or sludge have
been allowed to accumulate in the lubricat-
ing system, the oil pump gear wear may be
rather pronounced in a comparatively short
time. When the oil has been kept clean
and the oil filters have been properly serv-
iced, the wear on these parts will be very
slow. '

2. Inspect the pump gear teeth and the inside
of the pump body for wear and scoring. The
“gear teeth and the inside of the body must
be smooth, having no scratches, score marks,
or rough spots. When the gear teeth or the
inside of the body are scratched or scored,
they must be discarded and replaced with
new parts.

There must be a minimum of .002" radial
clearance between the gears and the pump
body and an end clearance of .002” be-
tween the gears and the pump body. Re-
place the affected parts when gears are
pitted and worn or when wear is apparent
on the pump body.

3. Inspect the pump shafts and the bushings in
the body and in the driven gears for exces-
sive wear or scoring. Replace if necessary.

E. Assembly of Oil Pump

1. If the bushings were removed from the pump
body, install new bushings as follows:

a. Start a bushing into the bore on the outer
end (driving gear end) of the pump
body o

b. With the opposite end of the pump body
resting on the bed of an arbor press,

insert the bushing installing tool in the

bushing and press the bushing in the
bore so that the driving gear end of the
bushing is flush with (or to .015” below)
the driving gear end of the pump body.

c. Press the other bushing in the opposite
bore of the pump body in the same man-
ner as in (b) above.
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DRIVEN GEAR SHAFT

__ Fig. 5—Replacing oil Pump Body Bushing ]
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. DRIVEN GEAR SHAFT

BUSHING

OIL PUMP BUSHING LINE REAMER

Fig. 6 — Line Reaming Bushings in
Oil Pump Body

d. The bushings in the scavenger.pump
body are not serviced separately and
when worn, the entire body assembly
must be replaced.

2. Support the pump housing in a bench vise
and line ream the bushings with the special
line reamer as shown in Fig. 6.

@

3. Lubricate the oil pump driven shaft (short




shaft) and start it into the bore of the oil
pump body if it was removed for replace-
ment.

4. Press the driven shaft into the bore so that
the end of the shaft extends 5.160” from the
finished surface of the pump gear cavity.

An easy way to obtain the proper stand-out
of the shaft is to machine a piece of tubing
having an L.D. of %" to a length of 5.160.”
Place the tubing over the shaft and against

- the finished surface inside the pump housing
then press the shaft into the housing until
the ram of the press contacts.the tubing.

5. Install a “WOODRUFF” key in the inner of
the three (3) keyways of the pump drive
shaft, lubricate the end of the shaft and start
the oil pump drive gear on the drive shaft,
aligning the key in the shaft with the keyway
in the gear. Press the shaft into the gear
until the end of the shaft having the single
keyway stands out 7.880” from the face of
the oil pump drive gear. Use a spacer made
of tubing to obtain the correct stand out of
7.880” as shown in Fig. 7. ‘

PRESS

OlL PUMP
DRIVE GEAR SHAFT

OIL PUMP
DRIVE GEAR SHAFT -t
LOCATING GAGE

DRIVE GEAR

ear Shaft -

up Drive "
Into Drive Gear

6. Lubricate and insert the drive shaft and gear
assembly in place in the pump housing, then
lubricate and install the driven gear in place
on the driven shaft. Rotate the drive shaft
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10.

11.

12.

13.

14.

to assure that the drive and driven gears ro-
tate freely.

Ref‘efring to Fig. 2 for the correct position
of parts, place the oil pump spacer over the
ends of the drive and driven gear shafts.

Insert two (2) “WOODRUFF” keys in the key-
ways provided in the drive shaft for the
scavenging pump drive gear, then tap the
scavenging pump drive gear on the shaft
(aligning the two (2) keys with the keyway
in the gear), until the gear contacts the
spacer.

Lubricate the bore of the scavenging pump
driven gear and place it on the driven shaft.
Again rotate the drive shaft to assure that
the gears revolve freely.

Place the scavenging pump body over the
gears and against the oil pump spacer, then
secure the scavenging pump body to the oil
pump body with four (4) bolts and lock-
washers.

Install the remaining “WOODRUFF” key in
the keyway of the pump drive shaft and lu-
bricate the end of the shaft, then start the oil
pump driving gear (large gear) on the shaft
with the hub of the gear facing toward the
pump body and the keyway of the gear
aligned with the key in the shaft.

Place a .009” feeler gage between the end
of the oil pump body and the driving gear
hub and press the gear on the shaft until a
slight drag is felt on the feeler gage when
the gage is moved for checking gear hub
to pump housing clearance. NOTE: Use a
%" L.D. hollow sleeve between the gear and
the ram of the press when pressing the gear
info position on the shaft.

Rotate the driving gear to assure that the
pump turns freely without binding.

Assemble the oil pressure regulator and inlet
pipe to the oil pump body using a new gas-
ket. Draw the attaching bolts finger tight
only at this time.
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15. Assemble the oil pump inlet pipe, the inlet
screen and the mounting brackets, then in-
stall them on the oil pump housing, using new
gaskets on the flanges of the inlet pipe.

16. Attach the scavenging pump outlet pipe to
the scavenging pump body using a new gas-
ket between the flange of the pipe and the
scavenger pump housing.

17. Attach the scavenging pump inlet pipe, the
screen, the cover and the mounting bracket
to the scavenging pump body using new
gaskets at the flanges of the inlet pipe. Tight-
en the bolts finger tight only at this time. The.
oil pressure regulator and scavenging pump
inlet pipe to the oil pump attaching bolts
are tightened after the oil pump mounting
bolts have been drawn tight.

F. Oil Pump Installation

1. The oil pump may be installed by reversing
the sequence of operations for removal.

- 2. If the combination regulator and ‘by-pass
valve assembly was removed with the pump,
attach the oil pump outlet pipe to the pump
body and regulator body, using a new gas-
ket at each outlet pipe attaching flange.

3. If only the pump was removed, and not the
valve assembly, place the pump on the four
mounting studs, using the same shims under
the pump mounting pads that were in this

~ position when the pump was removed.

4. Install the oil pump outlet pipe between the -
pump housing and the valve assembly, using
new gaskets at the attaching flanges of the

pipe.
5. Tighten the nuts on the pump mounting studs
securely. :

6. Install the oil pans by a direct reversal of
the removal procedure.

3. OIL PRESSURE REGULATOR

A. Description

Stabilized lubricating oil pressure is maintained
within the engine at all speeds, regardless of the
oil temperature by means of a regulator valve en-
cased in a housing which also accommodates the
oil by-pass valve. The regulator valve is introduced
into the main oil passage beyond the cooler so
that when the valve opens, the oil passing the valve
spills directly into the oil pan. The regulator valve

maintains a nominal pressure of 50 psi in the main

oil gallery.

Under ordinary conditions the oil from the pump
passes through the cooler, however, should the
cooler become clogged or partially clogged, so
that the pressure drop through the cooler exceeds
26 psi, the by-pass valve opens and allows the oil
to by-pass the cooler and flow directly to the main
oil gallery in the cylinder block.

The valve assemblies consist of hollow piston type

valves, compression springs, and plugs to retain
the valves and springs in the housing.
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B. Service of Pressure Regulator Valve

Under normal conditions, the valves should require
very little ‘attention. If the lubricating system has
been allowed to sludge up, the regulator valve or
the by-pass valve may not work freely, thereby re-
maining open or failing to open.

Whenever the lubricating oil pump is removed for
inspection or repairs, the valve assemblies should
also be removed, thoroughly cleaned and in-
spected. v

€. Disassembly and Inspection of
-Pressure Regulator Valve

1. Remove the crankcase guard assembly and
the engine oil pan.

2. Remove the plugs from the valve bodies and
remove the springs and valves from the

body.

3. Thoroughly clean the parts in clean solvent
or fuel oil and dry with compressed air, then




SPRING

PRESSURE REGULATING VALVE PLUG

Fig. 8 — Oil Pressure Regulator

~ Refer to Fig. 8 which shows the relative location of

inspect them before reassembly. All the pas-
sages must be open and the valves free from
score marks. Lubricate the valves with light
engine oil, then insert them into place in the
valve body; the valves must move freely in

the body.

D. Assembly and Installation of Pressure
Regulator Valve

all parts.

1. Lubricate the valves with light engine oil and
insert them into position in the valve body,
with opened end of valves towards the
threaded end of valve opening.

2. Insert the springs inside the valves, then in-
stall the plugs. Tighten the plugs securely.

3. Install the engine oil pan and the crankcase
guard assembly.

4. PUMP DRIVING GEAR

A. Description

The oil pump driving (crankshaft) gear, in mesh
with the pump driven gear, is bolted to the rear of
the crankshaft with six (6) 3" bolts. Whenever in-
spection or replacement of the pump driving (crank-
shaft) gear is necessary the removal of the flywheel

~and flywheel housing is required.

B. Removal of Oil Pump Driving
(Crankshaft) Gear

Check the backlash between the oil pump driving
gear and the driving (crankshaft) gear. The back-
lash is .003" to .004”. If the backlash between these
two gears exceeds 008” the gears should be re-
placed.

1. Remove the engine from the tractor. Refer 1o
"ENGINE REMOVAL” in Section IX, Topic 11.

2. Remove the engine oil pan, the flywheel and
the flywheel housing as outlined in Sec-

tion IX.

3. Remove the six (6) crankshaft gear retaining
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bolts, then screw two (2) of the gear retain-
ing bolts into the tapped puller holes in the
bolt circle of the crankshaft gear.

4. Turn the bolts alternately against the flange
of the crankshaft to pull the gear from the
crankshaft.

C. Inspection

Inspect the gear for rough and worn teeth and re-
place if necessary. Also examine the oil pump driv-
ing gear for worn or rough teeth and install a new
gear if necessary as outlined in this section.

D. Installation of Oil Pump Driving
(Crankshaft) Gear

1. Install the oil pump driving (crankshaft) gear
on the rear end of the crankshaft with the
face of the gear which has the timing mark
facing the flywheel. Push the gear on the
crankshaft until the gear is just ready to
mesh with the accessory drive gear.

2. Align the bolt holes in the gear with the cor-

}



p—
: I

=y |
. 1

]

P
i

i ~
?

responding tapped holes in the crankshaft
and insert two (2) long bolts through the
gear to hold the gear in position on the
crankshaft, then rotate the crankshaft until
the timing mark on the pump driving (crank-
shaft) gear aligns with the timing mark on
the accessory drive gear. Refer to Section
IX for engine timing procedures. ’

3. Install the flywheel and flywheel housing,
using a new rear oil seal in the flywheel
housing. Refer to Section IX.

4. Install the engine oil pan and the crankcase
guard assembly as outlined in Section IX.

5. LUBRICATING OIL COOLER

A. Description

A dual element oil cooler is bolted to the side of
the cylinder block with communicating oil passages
from the cylinder block to the two cooler elements.

Gaskets are used between the cooler housing
and the cylinder block at the oil passages to pre-
vent oil leaks between the two members. Gaskets
between the cooler housing and the element plate
and between the element plate dand the cover serve
the dual purpose of preventing leaks and conduct-
ing the oil to the two cooler elements simultaneous-
ly. The elements operate in parallel.

A water opening at the bottom of the cooler hous-
ing admits the coolant from the water pump; while

a similar opening at the top of the housing connects
with the cylinder block for exit of the coolant to the
block, after passing from bottom-to-top past the
cooler elements. '

B. Operation

Oil from the pump enters an opehing near the bot-.
tom of the cooler housing and is conducted to the
top of the housing through a cored passage. From-
the cored passage, oil is conducted to the top
opening in each cooler element. After passing
down through the elements the two cool streams of
oil again unite, then enter a cored passage near
the bottom of the cooler housing and flow to the oil
gallery in the cylinder block.

WATER INLET TUBE

HOUSING COVER GASKET

WATER INLET ELBOW

Fig. 9 — Oil Cooler Details
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leaks between the shells and filter heads,
and at fittings. Correct any leaks found.

F. Full Flow Type Filter Assembly
(effective on HD20-5434)

Effective with tractor Serial Number HD20-5434,
a dual element, full flow type, engine oil filter
qssembly was incorporated. The filter adapter is

bolted to the left side of the engine oil cooler hous-}

ing and serves as the oil cooler housing cover and
as the base for the oil filter element and filter shell
assemblies. An oil by-pass valve is located in a
machined oil inlet passage between the two ele-
ments in the filter base.

If the oil filter elements are not replaced at the
proper intervals, the elements will become clogged
and the oil filter by-pass valve will open, allowing
the oil to pass directly into the engine main oil
gallery without being filtered.

NOTE: When servicing the oil filter assembly, in-
spect for signs that oil has not been circulating
through the filters. This indicates that the elements
are clogged and that the oil filter by-pass valve is
stuck in the open position. When the oil filter by-
pass valve is in the open position, oil by-passes the
oil filters and flows directly into the engine main
oil gallery. If the above condition exists, remove
the filter by-pass valve, thoroughly clean, inspect,
and reinstall. New elements must also be installed

RETAINING FILTER CENTERING

FILTER GASKET
ELEMENT

Fig. 11 —Lubricating OQil Filter Details (By-Pass Type)
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DRAIN

at this time.

G. Service

When using the full flow type lubricating oil filter,
the engine crankcase oil should be changed after
each 150 hours of engine operation. The filter ele-
ments must be changed at each oil change. The
crankcase oil capacity of engines equipped with
the full flow type filters is 814 gallons.

H. To Change Each Filter Element

1. Remove the drain plug from the filter
adapter (filter base) to drain the filter
adapter.

2. Loosen the stud assembly (centerbolt) and
remove the shell assembly and the filter ele-
ment from the filter adapter.

3. Remove and discard the old filter element
and the shell gasket.

4. Thoroughly clean the inside of the filter shell
assembly and the filter adapter.

5. Install a new shell gasket in position in the
adapter and place a new element on the
stud assembly inside the filter shell.

6. Install the shell assembly and element in
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Fig. 12—Lubriéah’ng Oil Filter Details (Full Flow Type)

I. Heavy Duty Filter

On tractors equipped with Heavy Du’r)'l Filters, the
elements must be changed at each oil change. To
change the element, proceed as follows:

1.

position on the adapter and tighten the stud 4. Install a new “DIESELPAK” element and top

(centerbolt) securely. ‘ gasket in filter housing. To assure leak proof

: sealing, examine the seats on each end of
Start the engine and check for leaks at the the filter element to see that they are in good
shell assembly gaskets. NOTE: Keep all condition and clean.

parts clean when replacing elements.
5. Replace T-handle hold-down assembly and

tighten firmly.

6. Replace lid on filter housing and tighten the
lid capscrews evenly.

Remove the drain plug from the bottom of 7. Fill crankcase to proper level with prescribed
the filter housing and allow the oil to drain lubricating oil, then add 2 additional gallons
from the filter. Then, remove the lid cap- for the filter.

screws and lift lid from housing.
8. Run engine 5 minutes, stop and bring oil to

Unscrew the T-handle hold-down assembly proper level on bayonet gage.
from center tube and remove element from

filter housing by lifting with the pull-out bail. 9. Check for leaks around filter top and drain

plug.
Clean filter housing thoroughly and replace

drain plug. CAUTION: Use only "DIESELPAK” elements

in the Heavy Duty Filters.

89




control rod, then pull the shut-off control rod
to the “off” position (as far back as it will
go). Push the control rod forward 1/16",

then move the clamp on the rear control rod
so that it contacts the rod guide boss, welded

‘in cowl, and tighten the clamp securely. With
the clamp in this position, the clamp will pre-
vent the air valves from “bottoming” in the
housings when the control rod is pulled to its
"off” position, but will still permit the air
valves to close fully.

Engine Controls—Open Position

When the linkage is properly adjusted, the
stop on the rear of the front air valve lever
should contact the stop pin with the engine
shut-off control rod in the “run” position,
arid the clamp on the rear shut-off control
rod should contact the rod guide boss, weld-
ed in cowl, with the shut-off control rod in the
“oft” position.

To adjust the governor fuel shut-off control,
push the engine shut-off control rod into the
running position (all the way in), then re-
move the governor fuel shut-off rod from the
governor fuel shut-off lever. Hold the gov-
ernor fuel shut-off lever all the way forward,
as far as it will go, and check to see if the
screw in the end of the ball joint lines up
with the hole in the fuel shut-off lever. This
is necessary to make sure that the injectors
are being fully opened by the fuel shut-off
lever. If the screw in the ball joint does not
line up with the hole in the fuel shut-off
lever, loosen the capscrew clamping the lever
to the shaft and move the lever on the shaft
so that the ball joint screw will line up with
the hole when the lever is all the way for-
ward. Tighten the capscrew used to clamp
the lever to the shaft, then install the ball
joint screw in the lever and tighten the re-
taining nut.

2. GOVERNOR

A. Description

The variable speed governor, illustrated in Fig. 3,
is of the mechanical type with one set of weights
and one variable speed spring. The motion of the
governor weights, which is opposed by the com-
pression of the governor variable speed spring, is
transmitted to the injector racks by a system of
levers and links on which is imposed a manual
control.

The governor, which is mounted on the forward
face of the gear housing, is divided into four (4)
main subassemblies: the drive support and weight
assembly, the control and spring mechanism, the
spring housing and shaft assembly, and the cover.
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1.

Drive Support and Weight Assembly

The drive support and weight assembly con-
sists of a pair of weights supported on one
end of the horizontal shaft, a drive gear
keyed to the opposite end, and two ball
bearings between the weights and gear.
Both bearings are carried in a support which

“bolts to the governor control housing.

Control and Spring Mechanism

The control and spring mechanism consists

of those parts that transmit the motion pro-
duced by the governor weights to the in-
jector racks, which, in turn, control the
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amount of fuel injected into the engine cyl-
inders.

A vertical operating shaft, supported on
suitable bearings inside the housing, has an
operating lever at the upper end and an
operating fork at the lower end.

The motion of the governor weights, which is
opposed by a spring on which the tension
may be varied at will by the engine operator,
is transmitted to the vertical shaft through
the fork on the lower end of the shaft
and a riser on the horizontal weight shaft.
This motion is, in turn, transmitted to the in-
jector control tube and the injector racks by
means of the operating lever and the differ-
ential lever at the upper end of the ver-
tical shaft.

The governor variable speed spring is con-
tained within an outer retainer and an inner
retainer. The spring will accommodate en-
gine speeds from 1200 r.p.m. fo 1800 r.p.m.
by removing variable speed control shims
from the speed spring retainer and spring
retainer stops from between the two retain-
ers. The spring retainer stops form a stop
for the speed spring retainer and limit the
travel of the speed control lever, Fig. 4, and
the compression on the governor variable
speed spring.

3. Spring Housing and Shaft Assembly

The spring housing and shaft assembly serves
as a retainer and a means of changing the
tension on the governor varjable speed

spring.

The variable speed lever is keyed to the same
shaft as the speed control lever. Since the
spring housing is bolted to the control hous-
ing and the spring lever shaft is supported
in the former, by moving the speed control
lever, the tension on the governor variable
speed spring may be varied at will.

Cover Assembly .

The cover assembly serves the dual purpose
of closing the opening at the top of the con-

93

trol housing and carrying the throtile shaft
lever, which is manually operated fo posi-
tion the differential lever in the various po-
sitions.

Booster Spring

A booster spring, Fig. 13, at the outside of
the governor, assists in moving the speed
control lever from idle to maximum speed.

A lever is fastened to the spring lever shaft
with an adjustable bracket fastened thereto.
When the speed control lever is in the idle
position, the pull of the spring is through
the approximate center of the speed lever
shaft as shown on line “B-B” in Fig. 13. When
the lever is moved toward the open position,
the booster spring line “B-B” of pull falls
below the center of the shaft and the spring
assists in moving the speed control lever.

B. Governor Inspection and Service

The governor was adjusted at the factory to pro-
vide the full governed engine speed (under load)
of 1700 r.p.m. and an idling speed of 500 r.p.m.
The governor very seldom gets out of order. If the
engine speed is irregular check for the following
before changing the governor setting:

1.

2.

3.

Make certain that the speed changes are not
the result of load fluctuations.

Make certain that all cylinders are firing
properly.

See that no bind exists in the governor mech-
anism, or operating linkage, between the
governor and the engine; also, that no bind
exists in the injector control rack tube or its
mounting brackets.. The injector control
mechanism must move freely throughout the
entire travel of the injector racks...Should
friction exist in the mechanism, it may be
located and eliminated as follows:

a. If the injector racks stick or move too
hard, inspect them for an accumulation
of gum or sludge. Sticking from this
cause can usually be corrected by wash-
ing the parts in clean solvent or fuel. If
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an injector rack sticks as a result of a
“cocked” or “cramped” rack control
lever, loosen the adjusting screws in the
rack control lever and move the lever
endwise on the control tube until the
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Bo | | OPERATING LEVER ASSEMBLY

IDLE SPEED -ADJUSTING SCREW

Fig. 4 —Governor Detuails
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RISER THRUST BEARING
RISER
OPERATING FORK

STOP RETAINING NUT

lever no longer cramps the injector rack.
After the trouble has been remedied,
adjust the lever to equalize the affected
injector with the others. Refer to “IN-
JECTOR EQUALIZING” in Section II.
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b. Make certain that the injector control
tube turns freely in its bearings. Binding
due to poor alignment of the bearing
bracket assemblies can be corrected by
loosening the bracket assembly cap-
screws and realigning the shaft brackets
with the control tube. The tube must turn
freely to the “NO FUEL” position by the
action of the return spring only. CAU-
TION: Never stretch or fdmper with the
control tube spring to change the tension.
If the spring is not standard, replace it
with a new one. o

c. Remove the bind from the Apin in the link,

that connects the governor control lever
to the injector control tube lever, if any
bind is evident. If the governor does not
reach its maximum rated speed of 1850
r.p.m. at high idle, with the engine clutch
disengaged, inspect the stop retaining
nut inside the governor as it may have
come loose and backed off the speed
control spring retainer sleeve. To check
this nut, remove the control housing side
cover from the governor and tighten the
nut through the opening in the housing
as shown in Fig. 5.

Fig. -5— T:hfemng Stop etaining Nut 9 |

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 been eliminated, the governor may be
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worn or otherwise unfit for further use. The gov-
ernor must then be removed, disassembled, and in-
spected.

C. Governor Removal

1. Remove the capscrews used in attaching the
oil tube supporting clips to the governor
housing.

2. Clean off the rocker cover and remove it

‘ from the engine cylinder head. Disconnect
the governor control link from the injector
control tube lever.

3. Disconnect the engine control rods from the
governor variable speed control lever and
the governor fuel shut-off lever.

4. Remove the cover assembly and gasket from
the governor control housing. Disconnect the
governor control link from the differential
lever and remove the link.

5. Remove the capscrews attaching the gov-
ernor housing to the cylinder head and to the
gear housing, then remove the governor as-
sembly from the engine. '

D. Governor Disassembly

Before removing any parts from the governor as-
sembly, the entire unit should be thoroughly

washed in fuel, dried with compressed air, and in--

spected for worn or damaged parts, or for bind in
any of the parts that cannot be corrected without
disassembly. Disassembly need be carried only far
enough to correct those difficulties which interfere
with proper governor operation.

The variable speed governor assembly has been

divided into the following four main subassemblies:

Drive Support and Weight Assembly
Control and Spring Mechanism

Spring Housing‘and Shaft Assembly

Cover Assembly

Disassembly of the governor will be carried out in
the above order. ’
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1. DISASSEMBLE DRIVE SUPPORT AND
WEIGHT ASSEMBLY

a. Remove the two governor drive support
attaching screws. Pull the drive support
and weight assembly from the governor

housing and remove gasket, refer to
Fig. 4.

b. Slide the governor weight riser and the
riser thrust bearing off the end of the
governor drive shaft.

c. Clamp the governor drive gear in a
soft jawed vise and remove the gear re-
taining nut. '

-d. Clamp the flange of the governor drive
support in a vise and, using a gear pull-
er, pull the governor drive gear from
‘the drive shaft. '

e. Remove the “WOODRUFF” key from the
drive shaft.

f. Using special pliers remove the governor
drive bearing retaining ring from the
drive support.

g. Place the governor drive support and
weight assembly in an arbor press, with
the inside face of the flange of the drive
support resting on the bed of the press
and the ram of the press against the
large end of the shaft. Press the shaft and
weight assembly from the support and
the governor drive bearing.

h. Remove the support from the arbor press
and push the governor drive bearing
from the outer end of the support.

i. Place the governor weight carrier shaft,
bearing, and weight assembly in the
arbor press, with the carrier shaft bear-
ing resting on the bed of the press and
the ram of the press on the small end of
the shaft, refer to Fig. 6. Press the shaft
from the weight carrier, weight carrier
spacer, and bearing.

i- To disassemble the governor weight and
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| Fig. 6 —Pressing Shaft from Governo

WEIGHT CARRIER
ASSEMBLY,

Weight Carrier Assembly

BEARING

REMOVING TOOL GHT ASSEMBLY

HOLLOW SLEEVE

from Weight Assembly

weight carrier cssembly, remove the cot-
ter pins from the ends of the governor
weight shafts. Slide the shafts from the
carrier, washers, and weight and bear-
ing assembly.

| Fig. 7 —Pressing Weight Bearings |
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k.

If the governor weight bearings are to be
removed, place the weight in the arbor
press with the weight supported on a hol-

low sleeve and, using a tool as shown in -

Fig. 7, press the bearings from the
weight. 3

2. DISASSEMBLE CONTROL AND SPRING
MECHANISM

With the governor control housing detached
" from the drive support and weight ‘assembly,

the control and spring mechanism may be

removed from the housing as follows:

- A,

“ Place the governor housing on a bench,

~.with the flange face down and let the

variable speed spring and shims drop
from the housing.

Remove the variable speed control hous-
ing attaching bolts, lockwashers and flat
washers.

Pull the variable speed control housing
away from the governor housing and re-
move the gasket.

Loosen the variable speed spring retain-
er sleeve and remove it from the gov-
ernor housing.

Tilt the spring retainer sleeve and let the
spring retainer slip from the sleeve.

Push the spring retainer stops from the
sleeve.

Remove the spring retaining nut from
the inside of the governor housing.

Place a suitable rod against the inner

side of the expansion plug and drive the
plug out of the housing. Insert a socket
wrench through the plug opening and
remove the fork retaining nut, lockwash-
er, and washer.

At the top of the vertical shaft, remove
the differential lever retaining spring and
washer, and lift the differential lever and .
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pin qssembly‘fr“om the operating léver
pin. '

. Place the housing in an arbor press, with

the top face of the housing supported so
‘that the cover plate dowel pins are clear
of the press. Insert a %" brass rod
through the expansion plug opening and

~against the end of the operating shaft.

With the opposite end of the brass rod
under the ram, press the shaft from the
operating fork, washer, and housing.

If the operating shaft bushings or needle
bearings are to be replaced, support the
housing in an arbor press as in the pre-
vious step. Insert a tool through the ex-
pansion plug opening in the housing so

that the shoulder on the tool rests against

the bushing or needle bearing, then
press the bushing or needle bearing from
the housing. NOTE: Engines prior fo
6B-955 have bushings for the operating
shaft instead of the needle bearings men-
tioned above. Procedure for removing
the bushings is similar to that used in re-
moving the needle bearings.

3. DISASSEMBLE SPRING HOUSING AND
SHAFT ASSEMBLY

With the spring housing and shaft assembly
detached: from the governor housing, refer
to Fig. 4 and disassemble as follows:

a.

Loosen the variable speed control lever
clamp bolt and slip the control lever from
the control lever shaft.

Loosen the booster lever clamp bolt and
slip the booster lever from the control
lever shaft.

Remove. the “WOODRUFF” keys, wash-
ers, and packing from the ends of the
shaft,

d. Remove the pipe plug from the spring

housing. “"ALLEN” wrench
through the plug opening in the housing
and back out the speed control lever at-
taching setscrew.

Insert an




e. Place the spring housing in an arbor
press, with the face of the lever shaft boss
supported on a hollow sleeve on the bed
of the press as shown in Fig. 8.

Bring the ram of the press down on the
end of the shaft and press the shaft
through the needle bearing, thus releas-
ing the speed control lever. NOTE: Re-
placement of this needle bearing will be
- necessary because damage will be
caused when the “WOODRUFF” key is

pressed through it.

ARBOR

SPRING HOUSING

BEARING ALIGNING TOOL
SPRING HOUSING

|__ Fig. 8 —Pressing Shaft from Spring Housing _|

f. Insert the bearing aligning tool in the
boss of the housing and press the upper
bearing out of the housing as shown in
Fig. 9. Then turn the housing over and
press the lower bearing out of the
housing.

g. Remove the “"WOODRUFF” key from the
control lever shaft.

4. DISASSEMBLE COVER ASSEMBLY

With the governor cover assembly removed
from the control housing the cover assembly
may be disassembled as follows:

Fig. 9 —Pressing Shaft Bearing from I___
Spring Housing

a. Loosen the fuel shut-off lever and lift the
lever from the fuel shut-off lever shaft.

b. Remove the fuel shut-off lever shaft re-
taining ring and washer. Pull the shaft,
lever, and pin assembly from the bot-
tom of the cover and .remove the shaft
seal ring from the top of the cover.

c. Remove the stop plate attaching bolts
and the stop plate.

d. [f the shaft bearings are to be removed,
place the cover in an arbor press, with
the face of the cover on the bed of the
press. Insert a suitable tool between the
top of the bearing and the ram of
the press, and press the bearings out of
the cover. '

E. Inspection of Governor Parts

Clean the parts thoroughly, using clean fuel or sol-
vent.  Inspect the parts for wear and replace with
new parts where needed.

Since the function of the governor is to control the -
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FUEL SHUT-OFF LEVER[

DIFFERENTIAL LEVER

| _ Fig. 10 — Lower Side of Governor Top Cover

fuel injection by means of suitable linkage within
the governor, and linkage between the governor
and the injector control, the freedom of all moving
parts within the governor, as well as the linkage,
is of utmost importance.

When inspecting governor parts, therefore, bear in
mind that all parts must work freely with their
mating parts.

Annular: and thrust ball bearings should be thor-
oughly cleaned in fuel and blown out with com-
pressed air. After such treatment, hold in fingers
and revolve the outer race of annular bearings
slowly for any indication of rough spots. Balls and
races that have corroded or pitted surfaces should
be replaced with new parts.

The rollers and races of roller bearings should be
inspected for loose fit of rollers in the races or
taper on the rollers.

Examine the journals on the shaft at the roller
bearing locations, and if the journals are worn ex-
cessively, replace the shafts.

Examine all sleeves, pins, shaft journals, and links
for wear, also for fits, and, if necessary, dress with
crocus cloth for proper fit. The weights should be
suspended in their carrier sufficiently free to fall
from the extended to the inner position by their
own weight, and the suspending pins should not be
used if worn more than .002” out of round.

F. Governor Assembly

The governor may be assembled by reversing the
sequence of operations for disassembly. The work
will be very much simplified by close reference to
the various detailed illustrations that accompany
the text.

1. COVER ASSEMBLY

Refer to Fig. 4 for names and relative loca-
tion of parts, and assemble the governor
as follows:

a. If the fuel shut-off lever shaft bearings
were removed from the cover, place the
cover in an arbor press, with the face of
the cover on the bed of the press, and
start the upper bearing straight in the -
cover. Then, press the bearing into the -
cover until it is flush with the top of
the cover. '

Place the cover in an arbor press, with
the top of the cover on the bed of the
press, and start the lower bearing straight
in the cover. Bring the ram of the press
down on the bearing and press the bear-
ing into the cover until it is flush with
the face of the cover.

b. Lubricate the roller bearings with a lib-
eral amount of good cup grease and
slide the fuel shut-off lever shaft through
the bearings, from the bottom of the
cover, making sure that the shaft detent
pin enters the slot in the stop plate.

c. Install the shaft bearing seal ring over
the upper end of the shaft and against -
the upper bearing.

d. Place the washer over the shaft and
against the seal ring.

e. Install the shaft retaining ring over the
shaft and into the groove in the shaft.

f. Slide the fuel shut-off lever onto the shaft
and against the retaining ring. Tighten
the lever locking bolt.

2. SPRING HOUSING AND SHAFT ASSEMBLY




e.

f.

. -Install a “WOODRUFF” key in the speed

control lever shaft.

Hold the speed control lever between the
bosses inside the spring housing, so that
the lever arm faces toward the opening
in the flanged end of the housing. Then,
facing the flange end of the spring hous-
ing, with plug opening in housing up,

start the shaft end which has only one

key slot into the boss in the right side of
the housing. Align the keyway in the
speed control lever with the key in
the shaft and push the shaft through the
lever until the flat on the shaft is opposite
the setscrew hole in the lever. Install and
tighten the setscrew, then install the pipe
plug in the spring housing.

Place the spring housing in an arbor-

press, with the shaft boss supported on
a hollow sleeve on the bed of the press
and the opposite boss under the ram of
the press. Start the speed control lever
shaft bearing over the upper end of the
shaft and straight in the boss in housing.
Insert a bearing installing tool over the
shaft and against the bearing, and, with
the opposite end of the tool under the
ram of the press as shown in Fig. 11,
press the bearing into place.

Reverse the spring housing in the press
and install the second bearing in the op-
posite boss in the same manner as above.

Install the packing and washers over the
ends of the speed control lever shaft and
install the “WOODRUFF” ‘keys in the
shaft.

Slip the booster lever over the “WOOD-
RUFF” key on the long end of the speed
control lever shaft and tighten the clamp

bolt.

Slip the control lever over the “WOOQOD-
RUFF” key on the short end of the speed
control lever shaft and tighten the clamp

bolt.
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Fig. 11 —Installing Shaft Bearing In

HOLLOW SLEEVE

Spring Housing

3. ASSEMBLE CONTROL AND SPRING
MECHANISM

Since the operating shaft is flattened on both
top and bottom for the operating lever and
the operating fork, respectively, the levers
can be assembled in their correct positions
only. To assemble the part in the control
housing, refer to Fig. 4 and assemble as
follows:

a.

If new operating shaft bearings are to
be installed, support the housing on the
bed of the arbor press so that the cover
plate dowel pins are clear of the bed.
Start the bearing straight into the boss
in the housing. Press the bearing into
place. Reverse the housing on the press
and install the bearing in the opposite
end of the boss in the same manner and
with the same tool.

Remove the governor housing from the
arbor press and insert the operating
shaft through the needle bearings, from
the top of the housing, so that the flat
side of the shaft faces the flange of the
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housing. Make sure the operating shaft
turns freely in the needle bearings.
NOTE: On early model tractors which
contain bushings, the procedure for in-
stalling them is similar to the needle
bearings, however, the bushings must be
burnished to a fit of .4395" to .4405".

Install the flat washer over the lower end

of the shaft and against the boss in the
" housing.

Align the flat in the bore of the operating
fork with the flat on the operating shaft
and start the fork onto the shaft. Place
the housing in an arbor press, with the
lower end of the fork supported on a
hollow sleeve and a brass rod between
the ram of the press and the upper end

of the shaft. Press the fork onto the shaft -

and against the shoulder on the shaft.

Install the flat washer, lockwasher, and
nut on the lower end of the operating
shaft.

Install the differential lever and pin as-
sembly in position on the operating lever
pin and secure with the retaining washer
and retaining spring.

Install the governor housing expansion
plug in the bottom of the housing.

If the stop retaining nut was removed,
install it inside the governor housing at
this time.

Place the four spring retainer stops in
the spring sleeve, and install the sleeve in
the governor housing.

Attach the spring housing gasket and
spring housing onto the governor hous-
ing with bolts, lockwashers and plain
washers.

Tilt the governor housing assembly so
that it rests on the spring housing and
insert six thin variable speed conirol
shims and two thick variable speed con-
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trol shims into the spring retainer. Insert
the close-coiled end of the spring through
the stop retaining nut and against the
shims in the retainer.

4. DRIVE SUPPORT AND WEIGHT ASSEMBLY

a. If the governor weight bearings were re-

moved, place the governor weight on an
arbor press and start the bearing straight
into one end of the bore in the weight.
Bring the ram of the press down on the
bearing and press the bearing into the
weight until it is flush with the face of
the weight. Install the bearings in the
other weight in the same manner.

Holding the governor weight carrier,
with the boss on the carrier facing up-
ward, start the weight shaft through the
carrier from the left side.

Place the weight shaft washer over the
shaft inside the carrier.

Place the weight and bearing assembly
over the shaft and against the washer,
with the weight arm pointing under the
carrier. o ‘

Place a second washer over the shaft and
against the weight and slide the shaft
info place. Secure the shaft with cotter
pins at the ends of the shaft.

Install the weight on the opposite side of
the carrier in the same manner.

b. Place the governor weight carrier shaft

bearing on the bed of the press, with the
inner race of the bearing resting on the
bed of the press. Insert the small end of

the weight carrier shaft through the

bearing and, with the opposite end under
the ram, press the shaft into the bearing
until tight against the shoulder on the
shaft.

Place the weight carrier spacer over the
small end of the shaft and against the
bearing.




Start the boss of the weight carrier
straight onto the small end of the shaft
and place the assembly in an arbor
press, with the threaded end of the shaft
resting on the bed of the press and op-
posite end under the ram of the press
as shown 'in Fig. 12. Using a hollow
sleeve over the end of the shaft and
against the carrier, press the carrier tight
against the spacer.

_Insert the large end of the shaft, with the
_bearing and weight assembly installed,

into the flanged end of the support and
push the shaft through the support until
the bearing slides into place in the sup-
port.

. Place the support in an arbor press with

the small end of the shaft resting on the
press. Slide the governor drive shaft
bearing over the large end of the shaft
and, using a hollow sleeve against the
inner race of the bearing, press the bear-
ing into place in the support.

With the governor drive support assem-
bly on a bench, install the governor
drive bearing retaining ring in the sup-
port.

Install the “WOODRUFF” key in the slot
in the governor drive shaft.

Place the governor drive support assem-
bly in an arbor press, with the small end
of the shaft resting on the bed of the
press. Align the slot in the drive gear
with the “WOODRUFF” key in the shaft
and using a hollow sleeve against the
face of the gear, press the gear onto
the shaft.

Clamp the governor drive gear in a soft
jowed vise and install the drive gear re-
taining nut on the end of the shaft.

Install the riser thrust bearing over the

small end of the shaft, so that the bear-

ing race with the larger inside diameter

will face toward the riser when the riser

is installed.
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WEIGHT CARRIER-
ASSEMBLY .=
OLLOW SIEEVE
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Fig. 12 ~ Installing Weight Carier
Assembly .on Shaft

[. Start the flanged end of the weight riser .
onto the small end of the shaft and slide -

it into place against the thrust bearing.

m. Install the governor drive support gasket

on the governor housing assembly.

n. Insert the riser end of the shaft into the
housing and locate the pins of the gov-
ernor operating fork in the groove of the
riser. Attach the drive support to the
housing with two screws.

G. Governor Installation

1.

Examine the gaskets used between the gov-
ernor and the gear housing and the cylinder
head. Replace with new gaskets if the old
ones are not in good condition.

Place a gasket in position on the mounting
flange of the governor and install the gov-
ernor drive gear into the bore of the gear
housing, so that the drive gear is in mesh-
with its mating gear.

Install the governor housing attaching cap-
screws but do not tighten at this time.

4. Place a gasket in position between the gov-
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ernor control housing attaching flange and
the cylinder head. Install and tighten the two
~ (2) attaching capscrews.

5. Tighten the governor housing attaching cap-
screws at this time.

6. Connect the governor control link to the
governor differential lever and the injector
control tube lever. Secure the control link
with a control link pin and cotter pin on the
control tube end and with a flat washer and
retaining clip on the governor end.

7. Inspect the control housing cover gasket and

‘ replace if it is not in good condition, then
install the governor control housing cover
ond secure with four (4) capscrews, flat
washers, and lockwashers.

8. Connect the engine control rods to the gov-
ernor variable speed control lever and the
governor fuel shut-off lever.

9. Install the rocker cover, then attach the
oil tube supporting clips to the governor
housing.

H. Governor Adjustments

If the governor has been dismantled for repairs
or if a new governor assembly is installed, certain
adjustments must be checked and engine speed ad-

justments made as necessary. Proceed as follows to

check the governor adjustments.

NOTE: If the fuel shut-off lever has been removed
from the fuel shui-off lever shaft it will have to be
reset.

To reset the fuel shut-off lever, place the air shut-
off knob in the “RUN" position, then loosen the
capscrew used to clamp the fuel shut-off lever to
the shaft. Using a wrench on the lubricating fitting
in the top of the shaft, turn the shaft until the stop
pin on the lever is against the governor control stop
plate located inside the governor cover. NOTE: This

.adjustment must be made with the injector control

tube in the full open position.

Tighten the clamping screw on the fuel shut-off
lever and move the air shut-off valve to the open

and closed positions to check the injector control
tube for proper operation. '

1. CHECKING ENGINE SPEED

Operate the engine until the normal operat-
ing temperature of 160° to 185° F. is indi-
cated on the temperature gage. Hold an
accurate tachometer against the front end of
the crankshaft. With the throttle lever all the
way forward (idling position) and the engine
clutch disengaged, the engine speed should
be 500 R.P.M. With the throttle lever all the
way back (wide open) the high idle engine
speed should be 1850 R.P.M.

NOTE: If front mounted equipment on the
tractor prevents use of a tachometer on the
front end of the crankshaft, remove the two
(2) capscrews from the small cover plate,
located directly above the water pump hous-
ing and to the rear of the crankcase oil filler
tube, and remove the cover. Hold a tachom-
eter against the rear end of the.accessory
drive gear shaft to check the engine speed.
This shaft runs at the same speed as the en-
gine crankshaff. ’

2. LOW IDLE SPEED ADJUSTMENT

a. - Loosen the lock nut on the side of the
governor housing and back out the buff-
er screw until %" of the screw extends
beyond the lock nut. Refer to Fig. 2.

b. Push the engine shut-off knob to the RUN
position and pull the throttle control lever
to part throttle, then start the engine and
run it until the normal operating tem-
perature of 160° to 185° F. is indicated
on the temperature gage.

c. Move the throtile control lever to the
IDLE position. Loosen the lock nut on the
idle speed adjusting screw. Turn the idle
screw to obtain the desired idling speed.
Turn the screw IN to increase and OUT
to decrease the engine speed. If the en-
gine “rolls” excessively after sefting the
idling speed, the cause may be due to
bind in the governor, governor linkage
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and/or the injector control tube assem-
bly. Determine the reason for the bind
and correct the same. If excessive “roll”
cannot be removed when freeing the
linkage, turn the buffer screw IN until
the “roll” decreases or disappears com-
pletely.

d. Tighten lock nut on the idle speed ad-
justing screw.

3. BOOSTER SPRING ADJUSTMENT

a. Place the throttle lever in the IDLE posi-
tion, check to be sure that there is suffi-
cient tension on the idling screw in the
front of the variable speed spring hous-
ing so that all play is removed from the
speed control lever, then loosen the nut
on the booster lever bolt and position
the booster lever bracket, that carries
the spring attaching eyebolt so that a
line “B-B” extending from fulcrum to ful-
crum of the spring passes through the
center of the spring lever shaft. Refer to
Fig. 13.

b. Tighten the eyebolt sufficiently to pro-
duce the desired booster effect when the
throttle lever is moved to the FULL speed
position. <

SPEED LEVER

ADJUSTABLE
EYE BOLT

!
VARIABLE ‘ l
GOVERNOR
BOOSTER LEVER

BOOSTER SPRING
BRACKET

Fig. 13 —Booster Spring Adjustment
4. BUFFER SCREW ADJUSTMENT

a. With the engine running at low idle, turn

104

the buffer spring adjusting screw IN until
the screw contacts the governor differen-
tial lever and a very slight increase in
engine speed is noted. This increase in
engine speed-should not exceed 20r.p.m.

b. Tighten the adjusting screw lock nut.
5. HIGH IDLE SPEED ADJUSTMENT

NOTE: In most cases, the cause for the en-
gine not reaching the proper high idle speed
of 1850 r.p.m. will be found due to loose or
incorrectly adjusted throtile linkage and not
due to the governor being out of adjustment.
For this reason, it is necessary to make the
following checks before changing the ad-
justment of the governor.

a. Be sure that the governor fuel shut-off
lever on the governor control housing
moves to its forward position (as far for-
ward as it will go), when the engine
shut-off control rod is pushed into run-
ning position.

b. Remove the pipe plug in the top of the
governor variable speed spring housing,
and check to be sure that the setscrew in
the speed control lever has not loosened,
permitting the lever to turn on the shaft.
Tighten the screw firmly so that the screw
is drawn down tightly on the seat in the
shaft. Replace the pipe. plug.

c. To increase the high idle speed, add the
necessary amount of variable speed con-
trol shims between the spring and the
inside of the spring retainer.

d. To decrease the high idle speed, remove
the necessary amount of variable speed
control shims from between the spring
and the inside of the spring retainer.
Whenever the high idle speed is reset
it will be necessary to check and ad-
just the low idle speed. The speed con-
trol shims are .010” thick. The removal
or installation of one shim will affect the
engine speed approximately 10 r.p.m.

e. Remove the governor spring housing

y
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from the governor and then remove the
spring retainer, speed control shims and
spring from the spring housing.

Unscrew the outer spring retainer sleeve
from the governor housing and remove a
spring retainer stop from the inside of
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the spring retainer sleeve. The removal
of one (1) stop will increase the engine
speed approximately 220 r.p.m. by al-
lowing the outer spring retainer sleeve
and the inner spring retainer nut to come
closer together when the speed control
lever is in the “FULL" open position.




SECTION VII—ELECTRICAL SYSTEM

Topic Title
Description of System

Warranty and Adjustment Policy. . . . ..
Wiring System ............. ... ...

Batteries -

Generator and Generator Regulator-. . .
Starter ... ...

1. DESCRIPTION OF SYSTEM

The electrical system, which includes the starter,

generator, generator regulator, batteries, head-
lights, and wiring, is a 24-volt system through-

out. Current is supplied by two 12-voli, wet cell

storage batteries, connected in series, and carried
in compartments at the ends of the seat.

the batteries
through the operation of the above named units is
replaced by the generator. The output of the gen-
erator is controlled by the generator regulator to
prevent overcharging of the batteries.

Electrical energy drained from

2. WARRANTY AND ADIJUSTMENT POLICY

Manufacturers of the batteries, starter, generator,
and generator regulator used on the tractor are

responsible for this equipment during the war-

ranty period. Any claim for replacement or repair
of any of these units must be presented to the

manufacturer, not to the Allis-Chalmers Manufac- -

turing Company. All the suppliers of such equip-
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ment are represented by distributors or dealers in
nearly all cities. They are authorized to make rea-
sonable adjustments or replacements for their re-
spective companies. Always give the serial num-
ber of the tractor and the date that the machine
was delivered, when presenting a claim of this
nature.
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3. WIRING

SYSTEM

FUSE (20 AMP)
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GENERATOR

12 GA. CABLE

14 GA. CABLE .
| TAIL
: 12V, | uGHT

S I Do

|
! LIGHT SWITCH
1
1

PRESSURE|
SWITCH | — - — — = — —— — R N

FUSE (20 AMP) I

\} allF= = Ixe HOUR METER
v--=-=1_1' (GROUND POSITIVE SIDE)

V= = -

STARTING MOTOR —

AMMETER

HEAD LIGHT

Heavy cables connect the batteries and the starter
A wiring harness is used to connect the generator,
ammeter, headlight switch, air pre-heater and pre-
heater switch (if the tractor is equipped with igni-
tion type heater), to the electrical system. Twelve
(12) gage wire is used to connect the generator to
the ammeter, and fourteen (14) gage wire is used
to connect the headlights to the wiring harness. A
20-ampere fuse, introduced in the wire leading to

Fig. 1 —Wiring Diagram

: STANDARD EQUIPMENT
S— SPECIAL EQUIPMENT

the headlights and located under the lower right
corner of the radiator, prevents burning out the
lights in event of a short-circuit.

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. BATTERIES

A. Description

The batteries are 12-volt, wet cell type, located in
compartments at the ends of the seats and are held
solidly in position by special hold-down assemblies.
The batteries are connected in series to provide
24-volt current.

B. Service

Check the level of the electrolyte in the batteries
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weekly, or as often as operating conditions prove it
necessary. Maintain the level of the solution 3"
above the plates by the addition of clean distilled
water. CAUTION: DO NOT OVERFILL. Keep the
battery and cable terminals tight and clean. If
corrosion occurs, clean the battery posts and ter-
minals with a strong soda solution. To prevent fur-
ther corrosion, coat the terminals lightly with vase-
line before connecting them again.




When air temperature is below the freezing point,
special attention should be given to hydrometer
readings of the batteries. The electrolyte in fully
charged batteries will have o hydrometer reading
of 1.280 to 1.300 specific gravity when corrected
to 77° F. Specific gravity readings without correc-
tion for temperature are practically meaningless.
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
below 77° F., subtract 10 points to get the true
specific gravity. For example, if the hydrometer
reading is 1.250 and the electrolyte temperature
is 17° F. (60 degrees below 77° F.) 1.250 minus 20
points equals 1.230—the true 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 the generator regu-
lator requires attention. If these units prove satis-
factory, inspect the system for shart circuits and
loose or corroded connections. In zero weather,
there is danger of batteries freezing if the specific
gravity is below 1.175. Batteries with a specific

HOLD-DOWN

/

Fig. 2 —Battery Mounting

gravity of 1.225 will freeze at 35° below zero F.

During freezing weather, any addition of water to
the cells should be made after the engine is started
at the beginning of an operating period to make
certain that the water and electrolyte solution will
be thoroughly mixed; otherwise it may freeze. The
filler caps must be kept tight at all times and the
tops of the batteries kept clean and dry.

5. GENERATOR AND GENERATOR REGULATOR

| & Fig. 3 — Generator and Generator Reulafor

A. Description

The generator is a bi-polar unit, controlled inter-
nally by an adjustable third brush and externally
by a step-voltage conirol. The armature shaft is
supported at both ends by ball bearings. The
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brushes are held in reaction type holders and bear
on the commutator with a pressure of 25 ounces.
The third brush bears on the commutator with «
pressure of 17 ounces.

The generator is hinged from a bracket, attached
to the right side of the cylinder block, and is driven
by two (2) V-belts from the fan and the engine
crankshaft pulleys.

The output of the generator is approximately 7 to
9 amperes when cold and 5 to 7 amperes when hot,
at 2100 armature r.p.m.

1. Step Voltage Control

This unit is mounted on the generator field
frame as shown in Fig. 3.

The purpose of the step-voltage control is
to increase or decrease the generator out-
put in accordance with the requirements of
the batteries and the connected electrical
load. When the batteries become properly
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charged, a set of contact points in the con-
trol, open and shunt the generator field cir-
cuit through a resistance unit to the ground.

With the resistance unit in the field circuit,
the generator maximum output is reduced
approximately 4 to 8 amperes. If the bat-
teries should become partially discharged,
the contact points in the control close, re-
moving the resistance from the field circuit,
and the generator output increases to its
maximum. '

The voltage control 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 be reduced by adjust-
ing the third brush to meet the desired out-
put requirements. The voltage control unit
will then reduce the output when the batter-
ies become fully charged, and prevent high
voltages within the electrical system.

. 'Cut-Out Relay

The cut-out relay, a component part of the
voltage control unit, closes the circuit be-
tween the generator and the batteries only
when the generator voltage has built up suf-
ficiently to charge the batteries. The cut-out
relay opens the circuit when the generator
slows or stops and the current begins to flow
back from the batteries into the generator.
Thus, a cut-out relay may be thought of as
an electrical check valve which permits cur-
rent to flow in only one direction from the
generator to the batteries.

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
13/16"; the third brush 23/32”. Replace the
brushes if they are worn down to a length
of 7/16". The brush spring tension must be
sufficient to give good clean contact of the

brushes on the commutator, and the brushes
must be free to slide in their brush holders.
The pig tail leads in the brushes must be tight
and the lead clips fastened well to the brush
holders. |

. Commutator

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 filled with' car-
bon or copper dust. The armature leads must
be properly soldered to the commutator seg-
ments. If the condition of the commutator
does not meet with the above requirements,
the generator must be removed for repair.

3. Generator Drive Belt Adjustment

Keep the drive belts in proper adjustment.
They are correctly adjusted when the straight
(right) side of the belts can be pressed in-
ward approximately 1%” at a point half-
way between the fan and crankshaft pulleys.

To adjust the belts, loosen the capscrew in
the adjusting arm at the front of the genera-
tor and loosen the generator hinge bolts
(refer to Fig. 3) Then, move the generator
in or out until the correct tension on the belts
is obtained. Tighten the capscrew and the
generator hinge bolts. Excessive belt ten-
sion causes rapid wear on the belts and the
bearings, while low belt tension causes slip-
page, rapid belt wear, and possible failure
of the generator to charge in' a normal
manner.

. Connections

The connections at the terminals should be
checked to be sure that they are all tight
and in good condition. If abnormal opera-
tion of the charging system is noted, it is
necessary to determine whether it is the
generator, the generator regulator unit, or
some other part of the electrical system
which is at fault.

C. Testing and Adjusting of the Generator
and the Generator Regulator

Testing and adjustment of the generator and the




generator regulator should not be attempted with-
out dependable testing equipment, therefore, it is

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 starter switch. A
"DYER” drive is used at the rear end of the starter
and provides for positive engagement of the start-
er pinion with the engine flywheel gear, before the
starter switch contacts are closed or the armature
is rotated. The pinion is thrown out of mesh with

the flywheel gear by the reversal of the torque-

when the engine starts. A shift lever in the drive
housing is connected to the starter rod. Operation
of the shift lever first moves the starter drive pinion
into mesh with the flywheel; completion of the
shift lever movement closes the starter switch, so
that the current can flow from the batteries to the
starter.

B. Service

Field service on the starter will be limited to clean-
ing of the starter, cleaning and adjustment of the
drive assembly, cleaning of the commutator, and
replacement of the brushes, brush springs or starter
switch. All other adjustments or repairs require the
use of special equipment. For this reason, it will
be necessary to remove the starter and take it to a
dependable electrical repair shop if repair or ad-
justment is necessary. With fully charged batteries
and normal femperature of 70° F., the starter will
take hold promptly and spin the engine at a good
cranking speed (a minimum of 80 r.p.m. is required
for dependable starting). Colder weather will,
however, cause the engine to turn harder and the
cranking speed will naturally be decreased. CAU-
TION: The starter must never be used for more than
30 seconds at any one time without a pause to al-

- low it to cool. The starter must NEVER be used to

move the vehicle. Failure to observe these rules may
result in complete failure of the starter.

1. If the starter fails to operate properly, re-
move the cover band and inspect the com-
mutator and brush connections. The com-
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recommended that these units be taken to a de-
pendable electrical repair shop.

mutator should be clean, not out of round or
excessively worn, and without high mica, or
burned bars. A glazed or blued commutator
does not indicate a condition requiring serv-
ice, as this is a normal and satisfactory
condition on a used unit. All electrical con-
nections 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 each
brush, direcﬂy_under the head of the screw
that holds the brush to the arm.

2. A dirty commutator should be cleaned with

No. 00 sandpaper. CAUTION: NEVER USE
EMERY PAPER TO CLEAN IT. If dust and dirt
have accumulated in the starter, it should
be blown out with compressed air as such
accumulations are likely to interfere with the
operation of both the motor and the drive
assembly. ‘

After extended use, the contact surfaces
of the starter switch may become burned
or corroded so that either no current
at all, or insufficient current for starting, is
transmitted to the motor. A slow cranking
speed, or difficulty in keeping batteries
charged, may indicate a faulty starting
motor switch. The switch is easily disassem-
bled for reconditioning of burned or cor-
roded surfaces. To recondition the switch
proceed as follows: '

a. Disconnect the battery ground cable
from the right battery terminal and bend
the cable upward to prevent contact with
the battery terminal. Disconnect the bat-
tery cable at the starting motor.

b. Remove the switch from the starter, then
remove the bottom plate from the switch.

¢. Remove the contact disc from the plunger
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by removing the castellated nut.

d. Clean and smooth the contacting sur-

faces with a file or sandpaper. Be sure .

that the surfaces contact over the entire
area when reassembled.

C. Starter Drive Assembly

1.

Disassembly, Cleaning, and-
Reassembly

If hard dirt or grease accumulates on the
splined part of the armature shaft or in the
drive mechanism, the drive may “seize” to
the shaft or lock, or the pinion may fail to
mesh properly with the flywheel ring gear.
If the pinion “seizes” while it is in mesh with
the gear, considerable damage to the starter

will result. The drive assembly must be dis-
assembled for cleaning or adjustment. -

a. Remove the starter. Refer to “STARTER
REMOVAL AND INSTALLATIQN.”

b. Separate the drive housing from the field
frame after removing the capscrews that
hold them together. Mark both housings
before they are separated to establish
relationship of one with the other.

c. Remove the cotter pin from the pinion
stop, then 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 them.

e. Reassemble as follows: Place the follow-
ing parts’in the sequence given, 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 the hollow pinion,
with the drive pinion guide next to the
spring and the ears on the outside diam-
efer of guide facing the pinion. Start the
ears into the slots in the pinion and hold
the guide approximately half the dis-
tance down the slofs, then start the pinion
guide and the spring assembly on the
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splines of the armature shaft. The pinion
and guide assembly cannot be started on
the shaft unless the ears on the guide are
held down in the slots in the pinion. Slip
the pinion stop in place, with the cotter
pin hole toward the end of the shaft.
When the lugs on the stop enter the
groove in the shaft, rotate the stop until
the cotter pin holes align. Insert a cotter
pin and secure in place.

f. Place the drive end housing assembly

over the end of the armature shaft and

- against the center bearing plate, guid-

ing the finger of the shift lever into the
slot of the shift sleeve.

2. Starter Drive Adjustments

The “DYER” drive was properly adjusted at
the factory and seldom requires readjust-
ment. Failure to operate properly will usu-
ally be caused by dirt or damaged parts.

When the shift lever is moved to where the
starter switch contacts are closed, there
should be %" to 3/16” travel of the pinion
against the spring pressure. The pinion trav-
el can be checked by pushing the pinion
back against the spring pressure.

A test can be made to determine if the en-
gagement action is being completed before.
the switch contacts are closed. This can be
done by placing a %" 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 switch contacts with the
spacer inserted. When the pinion is in the
driving position, there should be clearance
between the pinion guide and the bottom of
the slot, as indicated. If there is no clearance
at this point, the drive will be taken directly
from the lugs on the pinion guide, rather
than from the heavy spline in the pinion it-
self. If there is no clearance at this point,
the pinion and the pinion guide should be
replaced. The pinion with its lock and lock
spring is released by moving the pinion
shift sleeve forward and along the splines of




the shaft. In reassembling the parts, the pin-
ion lock lugs should be in the slots in the
pinion hub, with the lugs toward the pinion,
or the pinion will not be in the proper posi-
tion to lock on the shaft. Lubricate the three
starter bearings with engine oil.

D. Starter Removal and Installation

1.

Disconnect the starting motor operating rod
from the starter shift lever.

Disconnect the battery ground cable from
the right steering clutch housing and tape
the loose cable end to prevent a short cir-
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cvit in the electrical system, when removing
the starter motor cable from the starter
switch. ‘

Disconnect the starting motor cable, the
starter ground, and the wire leading to the
wiring harness from the starter switch.

Remove the three (3) capscrews attaching
the starter to the flywheel housing and re-
move the starter,

Install the starter by direct reversal of the
removal procedure.
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SECTION VI - INSTRUMENTS

Topic Title Topic No.
Description ...................... 1

Engine Oil Pressure Gage ...........
Engine Temperature Gage. ..........
Ammeter .............. S
Fuel Pressure Gage ................
Hour Meter (Special Equipment) . ... ..

Instrument Service .................

NOOhWN

1. DESCRIPTION

The instruments which are standard equipment on ammeter.
on the tractor and mounted on the instrument panel
of the cowl consist of: engine oil pressure gage,
engine temperature gage, fuel pressure gage and equipment, is mounted in the instrument panel.

The hour meter, which may be obtained as special

Fig. 1 — Instrument Panel
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RESSURE SWITCH

Ol PRESSURE

Fig. 2—Rear of Instrument Panel '

STEERING PUM

2. ENGINE OIL PRESSURE GAGE

This gage registers the pressure at which the oil is
circulated through the engine. The oil pressure
gage tube is connected to a fitting on the left side
of the engine block. With the engine running at
high idle, the engine oil pressure should be be-
tween 45 and 60 pounds at normal engine operat-

ing temperature. CAUTION: If no pressure registers
on the gage or if the pressure is excessive (with fhe
engine at normal operating temperature), the en-
gine should be stopped immediately and the cause
determined.

3. ENGINE TEMPERATURE GAGE

The end of the engine temperature gage tube is
inserted in, and connected to, the rear of the water
outlet manifold. This gage registers the engine tem-
perature, which should be maintained between

160° and 185° F. at all times. The temperature is
controlled by two thermostats located in a ther-
mostat housing mounted on the front of the water
outlet manifold.

4. AMMETER

The ammeter registers the charging rate of the gen-
erator. When the batteries are in a discharged
condition, the ammeter should register charge until
the batteries approach a charged condition. When
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the batteries are fully charged, the ammeter will
register nearly zero through the action of the gen-
erator regulator except for a short time after the
starter has been used.
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5. FUEL PRESSURE GAGE | / N

The fuel pressure gage is mounted in the instru-
ment panel and the fuel pressure gage tube is con-
nected to a tee at the left rear of the engine.

The fuel pressure gage indicates the pressure at
which the fuel is circulated through the fuel system.
Under normal conditions, with the engine operating
at full governed speed, this pressure should be 35
to 55 pounds. DO NOT OPERATE ENGINE WITH

FUEL PRESSURE ABOVE OR BELOW
Investigate for clogged filters, cloge

fuel lines or connections, leaks at ¢

verter lines or improper fuel pump and pur.
lator valve operation.

NOTE: In order to obtain maximum efficiency from
the torque converter, the fuel pressure must not be
allowed to drop below 35 pounds.

6. HOUR METER (SPECIAL EQUIPMENT)

The hour meter registers the number of hours that
the engine has operated. For instructions on how

7. INSTRUMENT SERVICE

Any one of the various instruments can be removed
from-the instrument panel by removing the attach-
ing screws and-disconnecting them from the wiring,

tubes, efc., to which they are connected.

to read the hour meter, refer to “HOUR METER" in
the Special Equipment Section.

Do not attempt to repair an hour meter. Return it
to your nearest “Allis-Chalmers” Dealer for a
trade-in allowance on a new meter.

115




SECTION IX—ENGINE

Topic Title Topic No.
Description ...................... 1
Cylinder Head .................... 2
Exhaust Valves and Operating V

Mechanism . ................... 3
Cylinder Block and Liners ........... 4

~ Crankshaft, Flywheel, and Main

Bearings ...................... 5
Vibration Damper ................. 6
Pistons and Connecting Rods .. ... ... . 7
Camshaft and Accessory Drive Shaft. . . 8
GearTrain ....................... 9
Repair of Engine While Installed. . . . . . 10
Engine Removal and Installation...... 11
Disassembly of Engine ........... . 12

Assembly of Engine .............. .. 13

1. DESCRIPTION

A. General

The “DIESEL” Engine is an internal combustion
power unit. Fuel is atomized as it is injected into
the cylinders and is ignited by the heat generated
by the compression of the air within the cylinders.
The expanding gases generated by the burning
fuel are converted into energy in the cylinders of
the engine. '

In “DIESEL" Engines, air is'compressed in the cyl-
inder; then a charge of fuel is sprayed into the
cylinder, after the air has been compressed, and
ignition of the fuel is accomplished by the heat of
the compressed air.

The engine in the HD20-H Tractor is a water-
coooled, 6é-cylinder, 2-cycle, “DIESEL” Engine.

B. The Two-Cycle "'DIESEL’’ Engine

In the 2-cycle engine, intake and exhaust take
place during part of the compression and power
strokes. A 2-cycle engine, therefore, does not func-
tion as an air pump, so an external means of sup-
plying the air is provided. A specially designed
blower, bolted to the side of the engine, forces air
into the cylinders in order to expel the exhaust
gases and fill the cylinders with fresh air for com-
bustion, as shown in Figs. 1, 2, 3 and 4.
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Fig. 1— Air Entering Through Poris to
Combustion Chamber

A series of ports cut into the circumference of the
cylinder wall, above the piston, in its lowest posi-
tion, admits the air from the blower into the cylin-
der as soon as the top face of the piston uncovers
the ports in the cylinder liner as shown in Fig. 1.
The flow of air towards the exhaust valves produces
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| _ Fig. 2— Air Being Compressed with Exhaust _
" Valves Closed '

a scavenging effect, leaving the cylinders full of
clean fresh air when the piston again covers the
inlet ports.

As the piston continues on the upward stroke, the
exhaust valves close and the charge of fresh air
is subjected to the final compression, as shown in
Fig. 2. This engine is designed for a highly efficient

18 to 1 compression ratio.

Shortly before the piston reaches its highest posi-
tion, the required amount of fuel is sprayed into
the combustion space by the unit fuel injector, as
shown in Fig. 3. The intense heat generated dur-
ing the high compression of the air ignites the fine
fuel spray immediately, and the combustion con-
tinues as long as the fuel spray lasts. The resulting
pressure forces the piston downward until the ex-
haust valves are again opened. As shown in Fig. 4,
the burned gases escape into the exhaust manifold
as the downward moving piston is about to un-
cover the inlet ports.

When these ports are uncovered, the entire cylin-
der is again swept with clean scavenging air, as

- shown in Fig. 4. This entire combustion cycle is com-
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| Fig. 3—Charge of Fuel Being Injected Inro .

Combustion Chamber

- EXHAUST

AIR

|___Fig. 4 — Exhaust Taking Place and Cylinders __|
About to Be Swept with Clean Scavenging Air
pleted in each cylinder for each revolution of the
crankshaft, or in other words, two strokes; hence,
the “2-stroke cycle.” '
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2. CYLINDER HEAD

A. Description

The cylinder head is a one-piece casting which can
be removed from the engine as an assembly con-
taining the injectors, cam followers, guides, rocker
arms, and valves. The head is securely bolted to the
upper part of the cylinder block.

Located in the head are two exhaust valves, two
valve seats, two valve guides, a fuel injector, and
three rocker arms, for each cylinder. The center
rocker arm operates the injector plunger; the other
two operate the exhaust valves. The valve guides
are pressed into the cylinder head and hold the
valve heads in accurate alignment ‘with the valve
seats which are also pressed into the head.

To provide efficient cooling, each fuel injector is
inserted into a thin walled copper tube passing
through the water passages into the cylinder head.

The lower end of the copper tube is pressed into

the cylinder head and spun over; the upper end
is flanged and sealed with a neoprene seal. The
spun-over lower end and the sealed upper end
prevent any water leaks around the copper tube.

Two exhaust passages from each cylinder lead
through a single port to the exhaust muffler. The
exhaust passages, exhaust valve seats, and in-
jectors are surrounded with engine coolant.

To seal the compression, a laminated circular gas-
ket composed of steel sheets is installed between
the cylinder head and the top of each cylinder
liner. A neoprene gasket is installed between the
cylinder head and the cylinder block, around the
openings for the valve operating mechanism, to
provide an oil seal. Circular rubber gaskets are
used between the cylinder head and the cylinder
block to avoid engine coolant leaks. The top of
the cylinder head is completely enclosed by an oil
tight rocker arm cover, which is held in place by
four (4) screws fitted with hand knobs. A rubber
gasket, held in place around the perimeter of the
rocker arm cover by the flanged edge of the cover,
is used as an oil seal between the top of the cyl-
inder head and the cover.
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B. Service of Parts Contained in Cylinder
Head :

Service on some of the parts contained in the cyl-
inder head can be accomplished with the head in-
stalled; on others, the head must first be removed
from the engine.

1. Operations not Requiring the Re-
moval of the Head

a. Timing, equalizing, or replacement of
injectors.

b. Adjustment of valve lash.

c. Replacement of valve springs, rocker
arms, or rocker arm shafts.

d. Replacement of push rods or cam fol-
lower assemblies.

c. Replacement of fuel manifolds.

2. Operations Requiring the Removal
of the Head

a. Crinding, reseating, or replacement of
the valves and valve seats.

b. Replacement of the valve guides.

c. Replacement of the
tubes.

injector copper

C. Cylinder Head Removal

1. Remove the air pre-cleaners from the air
cleaner center tubes, then remove the engine
hood and the front and rear air cleaner
tubes from the air cleaners and air inlet el-
bows. Refer to “AIR INTAKE SYSTEM” Sec-
tion 3.

2. Drain the engine cooling system (refer to
“ENGINE COOLING SYSTEM” Section 4).
Remove the radiator inlet hose and elbow.

3. Remove the exhaust muffler from the cylinder
head and remove the engine thermo gage
from the rear of the water manifold.
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4. On engines after Serial Number HD20 4543
remove the four (4) capscrews used to attach
the air cleaner support bracket to the cyl-
inder head. Tractors prior to the above
Serial Number have a different air cleaner
mounting arrangement and the above pro-
cedure is not necessary.

5. Disconnect the cylinder block to cylinder
head lubricating oil tube assembly and the
fuel supply tube assembly at the elbows on
the left front of the cylinder block. Also dis-
connect the fuel return tube assembly at the
elbow on the left rear of the cylinder head.

6. Thoroughly wash all dirt from the upper part
of the engine and from the governor hous-
ing, then remove the rocker cover from the
cylinder head and the governor control hous-
ing cover from the governor housing.

7. Remove the link connecting the governor to
the injector control tube lever, then remove
the two (2) capscrews used to attach the
flange of the governor control housing to the
cylinder head. Do not lose the gasket when
removing the capscrews. On early model
engines, loosen the attaching hose clamp on
the connector flange-and slide the hose over
the connector to free it from the governor
housing.

2

Fg. 5 — Removing Cyli

8. Remove the nuts and special washers from
the cylinder head studs, then, using a chain
and hoist or other suitable equipment, raise

the cylinder head assembly from the cylinder-

block and place it on a clean work bench.
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NOTE: Place a wood block crosswise under
each end of the cylinder head to prevent the
cam followers and injector tips from contact-
ing the bench.

D. :Cylinder Head Disassembly

If the cylinder head has been removed for replace-
ment by a new cylinder head, removal of the fol-
lowing parts from the cylinder head will be re-
quired. Refer to Figs. 6 and 7 for relative location
of parts.

1.

Remove the fuel manifold to injector tube as-
semblies, then remove the fuel supply and
fuel return lines from each end of the fuel
manifold assembly. '

Remove the two (2) capscrews attaching the
fuel manifold supports to the No. 2 and No.
4 rocket shaft brackets, then remove the six
(6) capscrews from the fuel manifold brack-
ets and lift the manifold from the cylinder
head. : :

Remove the two (2) capscrews from each in-
jector control tube bracket and remove the
control tube and the brackets from the cyl-
inder head.

Remove the water outlet manifold from the
top of the cylinder head and scrape all rem-
nants of the gaskets from the manifold and
cylinder head.

Remoye the iniecfofs from the cylinder head.
Refer to “ENGINE FUEL SYSTEM,” Section
Il

Remove the valve operating mechanism.
Refer to Topic 3 in this section.

Remove the injector copper tubes. Refer to
“ENGINE FUEL SYSTEM,” Section II.

If the cylinder head is to be reconditioned,
remove all exhaust muffler studs, water mani-
fold studs, rocker cover studs, injector clamp
studs, valve guides, water nozzles, and
breather hole screens from the head. After
the head has been reconditioned, the above
parts, with the exception of the water noz-
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zles, will be installed in the reconditioned
head. If the cylinder head is to be replaced,
removal of the above parts is not necessary
~as the new head assembly will contain the
above parts.

E. Inspection

All parts removed from the cylinder head must be
thoroughly cleaned and inspected before install-
ing them in the reconditioned or new head. The
proper procedure to be followed in making the
inspection and installation of the various parts will
be found under “EXHAUST VALVES AND OPER-
ATING MECHANISM” in this section and in “EN-
GINE FUEL SYSTEM,” Section II.

F. Cylinder Head Parts Installation

New cylinder heads are furnished with valve
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guides, valve seat inserts, water nozzles, studs,
pipe plugs and a fuse plug. When a cylinder head
change is made, the parts removed from the dis-
carded head or corresponding new parts should
be installed in the head before the head is at-
tached to the cylinder block. These parts, or sub-
assemblies, consist of the following:

1. Vdlves and valve springs.

2. Cam followers, follower springs, spring re-
tainers, and push rods.

3. Rocker arm assemblies for valve and injec-
tors. Refer to pertinent paragraphs in this
section for installation and adjustment pro-
cedures on the above three (3) items.

4. Fuel injectors and injector control tube as-
sembly.

5. Fuel manifold assembly. Refer to “ENGINE
FUEL SYSTEM” Section Il for information on
the above two (2) items.

6. Water manifold, including the thermostat
housing. Refer to “ENGINE COOLING SYS-
TEM,” Section IV.

G. Cylinder Head Assembly Installation

With the parts itemized in Topic “F” installed in
the- cylinder head, install the cylinder head as fol-
lows:

1. Clean the top surface of the cylinder block
and the bottom surface of the cylinder head
thoroughly, being especially careful to re-
move all foreign matter from the water seal
recesses in the cylinder block and from the
cylinder gasket recesses above the cylinder
liners.

2. Install twelve (12) water hole seal rings (1%"
I.D.), twelve (12) rings (3" I.D.) diameter
and two (2) rings 13/16” diameter in the
proper recesses in the cylinder block.

3. Place the cam pocket oil seal ring in its
groove on top of the cylinder block and
place one (1) cylinder gasket in-position in
the recess above each cylinder liner with the
flange of the gasket down.
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4. Loosen the lock nuts on the valve lash ad-

justing screws and back out the screws until
the ends of the threads next to the ball end
of the screws are flush with the bottom face
of the rocker arms. The valve push rod sock-
ets must be screwed on the push rods until the
push rods “bottom” in the sockets. Also,
turn the jom nut down on the injector push
rod then turn the push rod into the injector
rocker arm clevis, until the upper end of the
push rod is flush with the inside of the clevis
yoke.

Using suitable hoisting equipment, lower the
cylinder head over the studs and info place
on the cylinder block. NOTE: On engines
prior to Serial Number 6B-2750, make cer-
tain that the valve rocker shaft bracket hold-
down capscrews are loosened just enough
so that the rocker shaft bracket base plates
can be shifted and properly aligned with
the cylinder block studs, when lowering the
cylinder head into position on the cylinder
block. 20n engines Serial Number 6B-2750
and above, different type rocker shaft brack-
et base plates were provided making the
above instructions unnecessary.

6. On engines prior to Serial Number 6B-2750

Fig. 8 — Sequence Chart — Cylinder
Head Stud Nuts

(having early type rocker shaft bracket base
plates), it is unnecessary fo tighten the cap-

~ screws securely before the cylinder head nuts

are tightened. On these engines, tighten
the rocker shaft bracket down capscrews, to
prevent shifting of the rocker shaft bracket
base plates, then INSTALL AND TIGHTEN
the cylinder head nuts a little at a time until
the proper torque of 150-160 Ft. lbs. is ob-
tained. Refer to Fig. 8 for proper tightening
sequence.

On engines Serial Number 6B-2750 and
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10.

11.

12.

13,

14.

above, install a flat washer in each stud and
install and tighten the cylinder head nuts
a little at a time until the proper tightening
sequence. Make certain that the rocker shaft

bracket holding capscrews are tightened
“securely.

Connect the governor control housing attach-
ing flange to the cylinder head. On early
model engines, position the hose on the con-

" nector flange and governor housing. Tighten

the hose clamp securely. Also connect the
fuel supply and return lines to the cylinder
head.

Install the rocker shaft oil line assembly to
the rocker shaft and clip in position with the
four (4) clips. Install the cylinder head fo cyl-
inder block oil tube assembly. '

Attach the air cleaner support bracket to
the cylinder ‘head with four (4) capscrews.
This is necessary on engines above Serial
Number 4543 only. '

Install the link connecting the injector con-
trol tube lever to the governor and replace
the governor control housing cover assem-
bly using a new gasket if necessary.

Install the engine thermo gage in the rear
of the water manifold.

Install the exhaust muffler, using new gaskets
between the muffier and the cylinder head,
then install the front and rear air cleaner
tubes, being sure that the attaching hoses
are in good condition and that the hose
clamps are tight. This is very important to
assure leak-proof sealing at these points.

Attach the radiator inlet hose to the water
manifold elbow and fill the engine cooling
system. Refer to “FILLING AND DRAINING
OF SYSTEM” in Section IV.

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 ll).
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15. Pour approximately one quart of lubricating

' oil on the valve rocker mechanism, then start
the engine and inspect all air, water, and

fuel connections to be sure that there are no
leaks, particularly on the fuel mdnifold to

injector tube assemblies.

16. Examine the rocker cover gasket and replace

if necessary. Install the rocker cover, engine .

hood, and air pre-cleaners.

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 exitreme hardness needed.

The hardened valve seat inserts, shrunk into 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 for the desired fit. A straight cylindrical valve
spring, made of alloy steel, is held in place by the
valve spring cap and a tapered two-piece lock.

Three drop FORGED rocker arms are provided for
each cylinder. The inner rocker arm operates the
injector and the two outer rocker arms operate the
exhaust valves. The rocker arm assemblies for each
cylinder are supported by a separate rocker shaft
which is supported by two (2) cast iron brackets.
A 3/16" thick base plate is used between the
cylinder head and the bottom of the front and the
rear rocker shaft bracket. A base plate of the
same thickness is used between the cylinder head
and each adjacent pair of the remaining rocker
shaft brackets, the bottom surface of these base
plates contain a groove between the adjacent
rocker shaft bracket hold-down bolts for an oil
passage.

One short and one long bolt fasten each rocker
shaft bracket to the cylinder head. The long bolt
fits loosely in the bracket, thus providing an oil

passage to the hollow rocker shaft from which the

rocker arm bushings are lubricated.

A clevis joins one end of each injector rocker arm
to a push rod; the opposite end has a ball joint
which operates on the fuel injector plunger fol-
lower. The push rod end of each valve rocker arm
carries a kall on an adjusting screw which rides in
a socket at the upper end of each push rod. Thus,

the injector rocker arms are the only ones joined
by the push rod. By removing the valve rocker
- bracket bolts, each group of rocker arms may be
tilted back providing free access to the injector
and valve springs. The rocker arms are operated
through the cam followers and the push rods.

The roller of each cam follower assembly is always
in contact with the camshaft. The roller of each
cam follower assembly contains a plain bearing
and the roller and the plain bearing are assembled
in a pin of the cam follower assembly. The rollers
of the cam follower assemblies are held squarely
in respect to the camshaft by cam follower guides,
which are bolted to the bottom of the cylinder
head. A separate coil spring (cam follower spring)
located inside of each hollow cam follower as-
sembly, is held in place by a retaining washer (up-
per spring seat) and a snap ring (upper spring
seat retainer). ’

Oil for the valve operating mechanism is pumped
through an oil pipe leading from the oil gallery in
the cylinder block to the front rocker arm shaft
bracket where oil is supplied into the cavity sur-
rounding one of the rocker shaft bracket bols.
From the bracket bolt cavity, oil is fed to the hol-
low rocker arm shaft and thence to each rocker
arm bushing. Surplus oil within the hollow shaft
flows into the cavity surrounding the bracket bolt
of the opposite shaft bracket, thence across to the
adjacent bracket of the next cylinder via a slot in
the plate beneath the two adjacent brackets. This
process is repeated for the group of rocker arms
for each engine cylinder. Oil that spills from the
rocker arms onto the cylinder head deck, lubri-
cates the valves, injectors, and cam followers then
returns through openings to the engine crankcase.
An oil tube assembly, leading from a tee fitting in
the front rocker arm shaft bracket to an.elbow in
the rear rocker arm shaft conducts additional lu-
bricant to the rear of the engine to assure an ample
supply of lubricant to the valve mechanism and
.cam followers.
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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 re-
moval are:

1. Adjustment of valve lash.
2. Removal or replacement of a rocker arm.’
3. Removal or replacement of a valve spring.

4. Removal or replacement of rocker arm, shaft
or shaft bracket.

It is also possible, if occasion requires, to remove

or replace a cam follower or a push rod without re-
moving the cylinder head.

The cylinder head must be removed to perform the
following valve operations:

1. Remove or replace a valve or a valve insert.
2. Remove or replace a valve guide.
3. Grind valves or valve seat inserts.

C. Valve Lash Adjustment

Correct clearance between the ends of the valve
stems and the rocker arms is very important in a
“DIESEL” Engine because of the high compression
pressures developed. Insufficient valve clearance
will cause loss of compression, “missing,” and
eventual burning of valves and valve seats. Ex-

cessive valve clearance will result in loss of power, -
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Fig. 10— Valve Adjustment

noisy engine operation, and rapid wear on the
valve operating mechanism. Adjustment should be
made to allow .009" clearance with engine at op-

erating temperature.

After any mechanical work has been done which
would disturb the valve seiting, the valves may be
set “cold” to .012” clearance so that the engine
may be run and allowed to warm up fo operating
temperature in preparation fo the final correct ad-

justment.’

1. Remove the hood and the rocker arm cover.

2. Rotate the engine with the starter until the
injector rocker arm is down and the injector
plunger is at the bottom of its stroke. The
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" feeler gage should pass between
them with a slight drag when the engine is
at normal operating temperature. Adjust
each valve by loosening the jam nut on the
rocker arm adijusting screw and turn the
screw to obtain .009” clearance between the
valve stem and the rocker arm. Tighten the
locknut and recheck clearance with feeler
gage to be sure that the clearance was not
changed by tightening the lock nut.

4. Rotate the engine and repeat the above op-
erations on the valves for each cylinder. Re-
place the rocker arm cover and the hood.




NOTE: The valves on this engine may also
be adjusted with the engine running at idling
speed. However, when adjusting the valves
with the engine running, care must be taken
to prevent damage to the rocker arm mech-
anism, which might occur if the screwdriver
is allowed to slip from the slof in the adjust-

" ing screw.

If, for any reason, a socket has been re-
moved from a valve push rod, be sure, when

" reassembling, fo turn the socket on the push

rod as far as it will go and bottom it securely
to lock it in position.

If an adjusting screw has been removed

. from a valve rocker arm, be sure to turn the

adjusting screw into the rocker arm until the

. end of threads, next to the ball, are flush

with the bottom face of the rocker arm. If
this is not done, the valve will open too far
and the piston may strike the valve when the
piston moves to the top of its stroke.

D. Rocker Arm Removal, Inspection, and .

Installation (Cylinder Head Not Re-
moved from Engme)

Clean the dirt off the valve rocker arm cover
and remove the cover.

Loosen the rocker shaft bracket clamping
bolts in the rocker shaft brackets and remove
the rocker shaft bracket attaching bolts.
Swing the rocker arm assembly away from
the valves and the injector. If it is necessary
to remove the front rocker shaft bracket for
the No. 1 cylinder or the rear rocker shaft
bracket for the No. 6 cylinder, disconnect
the oil feed line for the No. 1 bracket at
the fitting in the bracket, also disconnect the
oil feed line from the fitting in the end of
the rocker arm shaft in the No. 6 rocker
shaft bracket.

Remove the rocker shaft bracket clamping
bolts. Remove the shaft brackets from the
shaft and slide the shaft out of the rocker
arms. To remove the injector rocker arm,

loosen the jam nut on the injector push rod -

and unscrew the clevis from the push rod.

Inspect the bushings inside the rocker arms
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9.

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
new bushings to allow .001” to .0025” clear-
ance with the shaft. Clean out the oil holes in
the rocker arms, bracket bolts, and rocker
shafts with solvent, small wire, and com-
pressed air. Smooth the ends of the rocker
arms if they are worn and cupped by con-
tact with the valve stems.

Lubricate the outside of the rocker arm
shaft with light engine oil and install the
rocker arms and the shaft by reversing the
sequence of operations for removal (refer
to Fig. 9). Install and tighten the rocker shaft
bracket attaching bolts before tightening the
rocker shaft bracket clamping bolts.

Turn the jam nut down on the injector push
rod then turn the push rod into the injector
rocker arm clevis until the end of the push
rod is flush with the inside of the clevis yoke.

CAUTION: Make certain that the adjusting
screw in each valve rocker arm is turned into
the rocker arm so that the end of threads,
next to ball, are flush with the bottom face
of the rocker arm. If this is not done, the
valve will open too far and the piston may
strike the valve when the engine is turned
and damage to the valve, push rod, or piston
will result. Also make certain that the oil
feed line to the front rocker shaft bracket

and the oil line to the rear rocker shaft are

connected.

Adjust the valve lash (refer to “VALVE LASH
ADJUSTMENT” in this Section). Time and
equalize the injectors (refer to “INJECTOR
TIMING” and “INJECTOR EQUALIZING” in
Section 11).

Install the rocker arm cover.

E. Removal, Inspection, and Installation of

1.

Cam Follower Assemblies (Cylinder
Head Not Removed from Engine)

Clean the dirt off the valve rocker arm cover
and remove the cover.
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Remove the rocker arms (refer to “ROCKER
ARM REMOVAL, INSPECTION, AND INSTAL-
LATION” in this Section). To remove the in-
jector rocker arm, loosen the jam nut on the
injector push rod and unscrew the clevis from

Remove the rocker arm adjusting screw sock-
ets from the valve push rods.

Compress the cam follower spring and re-
move the cam follower spring retainer with
special long nose pliers as shown in Fig. 11.

Lift the push rod and spring assembly from
the cylinder head, then insert a finger into
the cam follower and slide the follower up
out of the head.

If the cylinder head is removed from the en-
gine, the follower assemblies can best be re-
moved from the cylinder head by removing
the cam roller guides from the bottom of the
cylinder head and sliding the complete as-
sembly out through the bottom of the head.

After the cam followers have been removed,
they should be cleaned in solvent, blown dry
with compressed air, and inspected before

they are again assembled into the cylinder
head. |

The cam rollers must rotate smoothly and
freely. Measure the total clearance between

the cam follower roller bushing and the pin.
Since the cam forces the cam follower roller
against the bottom-side of the pin during the
engine operation, all the wear is taken on
the bottom side of the pin. The clearance
between the roller bushing and the pin must
be taken crosswise to the direction of oper-
ation of the cam follower body (across the
unworn diameter of the pin). By measuring
the clearance in this manner, a better indi-
_cation of bushing wear is determined as the
‘measurement is taken across the unworn
diameter of the pin. The maximum clearance
between the roller bushing and pin is .015"”
before replacement is indicated. The cam
rollers must be free of flat spots or scuff
marks. The presence of such marks are indi-
cations that the rollers have not been ro-
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L Fig. 12 —Cam Follower and Rush Rod
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tating freely. If such marks exist on the roll-
ers, inspect the cams on which the rollers
have operated. If the noses of the cams are
worn or scuffed, replace the camshaft.
NOTE: NEW OR SOLVENT CLEANED CAM
FOLLOWER ASSEMBLIES MUST BE IM-
MERSED IN CLEAN LUBRICATING OIL FOR
AT LEAST FIVE MINUTES BEFORE INSTALL-



ING THE FOLLOWER ASSEMBLIES INTO
THE CYLINDER HEAD. THIS WILL ASSURE
INITIAL LUBRICATION OF THE FOLLOWER
ASSEMBLIES WHICH IS ESSENTIAL TO SAT-
ISFACTORY FOLLOWER PERFORMANCE.

9. When installing the cam follower and push
rod assembly with the cylinder head not re-
moved, refer to Fig. 12 and proceed as fol-

~lows:

a. With roller end of cam follower down
~and with roller crosswise of cylinder
head, insert the cam follower into the
cylinder head. Make certain that the
roller engages the slot in the roller guide
and that the hole in the bottom of the
. cam follower is to the outside of the
cylinder head.

b. With the spring retainer removed, and
with the lower spring seat, follower
spring, and upper spring seat installed
on the push rod, insert the push rod as-
sembly into position in the follower.

c. Compress the cam follower spring and
install the spring retainer in the groove
in the cylinder head, above the upper

. spring seat.

d. Install the rocker arm adjusting screw
“sockets on the valve push rods and tight-
en securely. Turn the jam nut down on
the injector push rod, then turn the push
rod into the injector rocker arm clevis
until the end of the push rod is flush with
the inside of the clevis yoke.

e. Install the valve rocker arms, rocker

 shaft, and the rocker shaft brackets as
explained in “ROCKER ARM REMOVAL,
INSPECTION, AND INSTALLATION” in
this Section.

10. When installing the cam follower and push
rod assembly with the cylinder head re-
moved, refer to Fig. 12 and proceed as fol-
lows: :

a. Install the follower spring retainer in
the groove in the cylinder head.

b. With the cam follower spring seats and

the spring installed in position on the
push rods, slide the push rod assemblies
into position from the bottom of the cylin-

der head.

Lubricate the cam follower and roller,
and with the cam roller crosswise of the
cylinder head, slide the cam followers
into position in the bottom of the head.

c. Insert the attaching bolts in the cam
roller guide and place the guide in posi-
tion so that the cam rollers engage with

_ the slots in the guide. Tighten the attach-
ing bolts securely.

d. Install the cylinder head on the cylinder

VE SPRING COMPRESSOR TOOL

VALVE SPRING CAP

Fig. 13 — Removing Valve Springs |

block, then complete the assembly of
the injector and valve rocker arms, rock-
er shaft, and rocker shaft brackets as
explained in “ROCKER ARM REMOVAL,
INSPECTION, AND INSTALLATION” in
this Section.

F. Exhaust Valve Spring Removal and
Installation (Cylinder Head Not Re-
moved from Engine)

Removal of the cylinder head is not necessary if
replacement of the exhaust valve springs only is
desired. 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 fo retrieve the fallen valve.
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1.

Remove the rocker arm cover and turn the
engine until the piston, in the corresponding
cylinder for which the valve spring is to be

replaced, is at the top of its stroke. The pis-
ton is at the top of its stroke when the in-

jector rocker arm is down (injector plunger
at bottom of its stroke).

Loosen the rocker shaft bracket clamping
bolts in the rocker shaft brackets and remove
the rocker shaft bracket attaching bolts.
Swing the rocker arm assembly away from
the valves and the injector. If it is necessary
to remove the front rocker shaft bracket for
the No. 1 cylinder or the rear rocker shaft
bracket for the No. 6 cylinder, disconnect
the oil feed line from the No. 1 bracket at
the fitting in the bracket, also disconnect the

_ oil feed line from the fitting in the end of the

rocker arm shaft in the No. 6 rocker shaft
bracket.

Insert one of the long rocker arm bracket at-
taching bolts through the valve spring com-
pressor tool spacer and the compressor tool.
Turn the capscrew into the tapped hole of
the cylinder head,nearest the valve spring to
be removed (refer to Fig. 13).

Depress the valve spring and remove the
valve spring cap locks. Lift the spring cap,
spring, and spring seat from the valve and
valve guide.

Inspect the valve spring, cap, and seat for
wear. or damage and replace the necessary
parts. A load of 191 to 201 Ibs. is the speci-
fied load to compress an exhaust valve
spring to the length of 2-31/64". The spring
should be replaced if a load of less than 180
lbs. will compress the spring to 2-31/64"
length. ’

Install the spring by reversing the syequ'ence
of operations for its removal. Install the rock-
er arm assembly as explained in “ROCKER

ARM REMOVAL, INSPECTION, AND IN--

STALLATION.” -

G. Exhaust Valve Spring Removal and In-
stallation (Cylinder Head Removed
from Engine)

When an exhaust valve spring is being removed
with the cylinder head off the engine, the operation

127

is done with the same tool as when the head is in
place, and in a similar manner. In order to hold the
valves in place, however, when the springs are
being compressed, the valve heads should rest on
a wood block. ' '

NOTE: Remove all injectors to avoid damaging in-
jector spray tips when resting valve heads on wood

block.

H. Removal and Installation of Exhaust
Valves, Guides, and Seats
1. Remove the cylinder head from the engine
(refer to “CYLINDER HEAD REMOVAL” in
‘this Section). Lay the cylinder head on «
work bench right side up, with the valve
heads resting on a 2 thick block of wood to
protect the cam follower rollers which pro-
ject through the bottom of the head.

2. Remove the valve springs as described in
“EXHAUST VALVE SPRING REMOVAL AND
INSTALLATION.” Then turn the head over
on its side and slide the valves out of the
head. Place the valves in a rack as they are
removed so they can be reinstalled in the
same order. ‘

3. Clean the carbon from the valves and seats
and clean the carbon from the valve guides
with a tool similar to the one shown in Fig.
16. This is an expanding device which may
be rotated in the valve guides to remove all
gum or other foreign deposits.

If the above tool is not available, a stiff w_ire
brush slightly more than %" in diameter may
be used to clean the guides.

4. Replace the valves if they are bent or worn.
The valve. stem diameter is from .372" to
373", the clearance of the stem in the guide
is from .001” to .003” and should not exceed
.006.”

5. Remove the valve guides by driving them
out from the underneath side of the cylinder
head with a special tool similar to the one
shown in Fig. 14.

To install the valve guides, start the guides
into place from the top -of the cylinder head
(countersunk-end of the guides upward),
place special guide installing tool (similar
to one shown in Fig. 15) over the guides, and
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drive each guide into the head until the tool
contacts the head. This locates the valve
guides for proper height. The specified

height of the guides above the cylinder head

is 2.490" when properly installed.

Inspect the vaive seat inserts. If they are

loose, cracked, or pitted, new ones should

be installed. In order not to damage the
head, they must be removed with a special
tool provided for that purpose; also, unless
the new inserts are installed with care, and
according to the following instructions, the
results will be unsatisfactory.

Fig. l—lnstaﬁg Valve Guides __|
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7.

Fig. 16 —Cleaning Valve Guides

Remove the valve inserts as follows:

a. Place the cylinder head on its side on a

bench.

b. Insert the guide pin of the remover tool,
similar to the one shown in Fig. 17, into
the valve guide and insert the collet of
the tool inside the valve insert so that the
lip at the bottom of the collet flange is
flush with the bottom of the valve insert.
Hold the remover tool in its position and
expand the collet by turning the upper
handle of the tool.

c. Be sure that the flange of the collet is
firmly entered just below the valve insert,
then holding the lower handle of the re-
mover tool, expand the collet tightly
against the insert by turning the upper
handle.

d. Use a hammer and drive on the end of
the remover tool guide pin to drive the
insert from the cylinder head.

Particular care must be exercised when re- .

placing the valve seat inserts. The inserts are
installed into the cylinder head with a .0005"”
to .0025" press fit, and must be started in
place “true” with the counterbore in the
head. To install the valve seat inserts, pro-
ceed as follows:
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VALVE SEAT INSERT REMOVER TOOL -

VALVE SEAT INSERT

CYLINDER HEAD

L___ Fig. 17 — Removing Valve Seat Insert

a. See that the cylinder head is perfectly
clean, particularly the counterbore for
the inserts.

b. Immerse the cylinder head for approxi-
mately 30 minutes in water heated to
180° to 200° F., or cool the inserts with
dry ice for approximately 45 minutes.

c. Place the cylinder head bottom-side up
on a bench, blow out the insert counter-
bores with air, and start an insert in the
counterbore (seat side up).

d. Using the valve insert installing tool,
similar to the one shown in Fig. 18, in-
sert the pilot end of the tool into the
valve guide and drive the insert down
tight into the counterbore. This operation
must be done quickly, while the valve
seat insert is cold.

e. Check the valve seat for concentricity
with the valve guide (refer to Fig. 19)
and, if necessary, recondition the seat
or seats as directed below.

I. Valve and Valve Seat Grinding

Before installing either a new or used valve, the
seat in the cylinder head for the valve should be
examined for proper valve seating. Furthermore,
if a valve once used is to be installed again, the
valve stem should be cleaned, and the seat re-
ground to the recommended angle of 30 degrees.

__ Fig. 18 —Installing Valve Seat Insert

“VALVE SEAT INSERT INSTALLiNG TOOL
VALVE SEAT INSERT
CYLINDER HEAD

ot

VALVE SEAT INSERT INDICATOR SET

CYLINDER HEAD VALVE SEAT INSERT
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Fig. I—Checking Valve Seat Insert for |
Concentricity

The valve guide should be thoroughly cleaned with
a cleaner. If the bore in the valve guide is worn
oblong, or if the valve heads are warped relative
to the stem, the parts should be replaced.

The width of the valve seats must be between
5/64" and 7/64". When new valve inserts are in-
stalled, or old inserts refaced, the work must be
done with a valve seat grinding set, similar to the
one shown in Fig. 20, as the ordinary method of
grinding valve seats is ineffective for the operation
because of the very hard valve insert material.

Use a 30° grinding wheel for refacing the valve



VALVE SEAT INSERT
GRINDING TOOL SET

VALVE SEAT INSERT

GRINDING WHEEL CYLINDER HEAD

Fig. 20;Grindig Valve Seats

seats and a 70° grinding wheel for opening the
throat below the valve seats and for narrowing the
seats to the specified seat width of 5/64" to 7/64".
After the valve seats have been dressed with the
grinding wheel, the dial gage, shown in Fig. 19, is
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"”. IMPOR-
TANT: The valve heads, with valves in closed po-
sition, must not stand out more than .022” manxi-
mum beyond the fire deck of the cylinder head.

After a grinding wheel has been used for a certain
amount of grinding, the cutting angle of the stone
must be reground and made true to obtain the

‘proper seat angle when grinding the inserts. Place

stone on the dressing tool, and set the arbor for
the required angle.

] VALVE LAPPING TOOL
g
|
g EXHAUST VALVES

CYLINDER HEAD VALVE SEAT INSERT

Fig. 21 —Lapping Exhaust Valves ===

After the valve seats have been ground, the valves
may be put in place and lapped to perfect seats
in the regular manner, as shown in Fig. 21. After
lapping, the contact between the valves and the
seats may be checked by wiping a thin film of Prus-
sian Blue on each valve seat, setting the valves in
place, and bouncing each valve on its seat. If the
valve seats are properly ground, a continuous thin,
blue line will be evident around the face of the
valve.

Assemble and install the cylinder head as outlined
in pertinent pages in this book.

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, insuring perfect alignment of the
bores and bearings under all loads. The cylinders
are bored to receive the cylinder liners.

The water jackets extend the full length of the
bores and are divided into- upper and lower sec-

~ moving parts. Hand-hole covers on the side oppo-
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tions, which are connected by hollow struts. Cool-
ant enters at the bottom of the water jacket, and
leaves the jacket at the top through holes which
register with corresponding openings in the cylin-
der head. Surrounding the water space is an air
chamber (air box) which conducts the air from the
blower to the inlet ports in the cylinder liners.

The upper halves of the main bearing seats are cast
integral with the cylinder block. Drilled passages
in the block carry lubricating oil to all internal

1 )
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site 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 bear-
ing caps, studs, and the necessary plugs. Cylinder
liners are serviced separately. The replaceable cyl-
inder liner, made of hardened alloy cast iron, in
each cylinder, is accurately honed to a very smooth
finish. A flange "at the top of the liner fits into a
recess in the cylinder block, insuring proper posi-
tioning in the block. A snap ring, fixed in the cylin-
der block near the lower end of each cylinder bore,
contacts an under cut on the lower end of the liner.
Even temperature and minimum distortion are in-
sured by cooling each liner over its entire length
with water, except at the ports. The liners are
cooled at the ports by the scavenging air from the
blower. To permit introduction of fresh air into the
cylinder, one row of holes, 11/16" in diameter, are
drilled in the circumference of each liner as shown
in Fig. 22. '

CYLINDER_LINER

AIR PORT HOLES

CYLINDER LINER RETAINING SNAP RING
(INSTALLED IN CYLINDER BLOCK)

Fig. 22 —Cylinder Liner ______|
B. Cylinder Liner Service

The cylinder liners will render satisfactory service
for extended periods if the engine has proper care.
The wear on a cylinder liner and piston is directly

‘related to the amount of dust and dirt (abrasive)

introduced into the engine combustion chambers
through the air intake. Dust combined with lubri-
cating oil on the cylinder walls forms an ideal lap-
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ping compound. To avoid such a condition, the air
cleaners provided on the tractor should be serviced
regularly. '

The air ports in the cylinder liners sometimes be-
come clogged with sludge or hard carbon. In-
spection should be made of their condition at least
every 500 hours of engine operation, and if the
openings are restricted as much as 30%, the ports
should be cleaned as outlined in “ENGINE AIR IN-
TAKE SYSTEM,” Section lll. if the engine has been
disassembled and the cylinder liners removed, the
ports may be cleaned by inserting the pointed end
of a piece of wood in each port and twisting. Avoid
using a tool which will cause burrs around the ports
on the inside of the liner.

An alternate method of cleaning air inlet ports,
with the liners removed, is to soak the liner in a hot
caustic soda or lye solution long enough to loosen
the carbon deposits. Final cleaning can then be
accomplished with a bristle brush. ' '

C. Cylinder Liner Removal

The liners will, in most cases, slide out of the block
when the pistons are removed. 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 siriking the block sharp-
ly with a hammer. Be careful not to strike the liner
retaining snap ring in the cylinder bore.

D. Cylinder Liner Cleaning and Inspection

1. Remove all dirt, carbon, or grease from the
liners and the liner bores in the cylinder
block. Discard the liners if they are scored,
cracked, or worn beyond the allowable lim-
its. Slightly scuffed liners, if not worn, may
sometimes be made usable by polishing or
lapping to remove the surface irregularities.
Clean the air inlet ports, removing any burrs
made in the cleaning of the ports, with No.
250 grit emery paper. Failure to remove all
the burrs from the insire of the liners can re-
sult in the early failure of an engine.

2. Check the liners for roundness, taper, and
the amount of wear by means of a gage simi-
lar to the one shown in Fig. 23. Measure each
liner as outlined in the diagram in Fig. 24.



Do not install liners that have more than
.001” taper or that are more than .001” out
of round when installed. Be sure that the
liners slide into the cylinder block bores free-
ly to insure a loose fit. It the bores in the
block are in a tapered or out of round con-
dition, they should be honed slightly with a
fixed-stone hone to remove the high spots.

CYLINDER DIAMETER
CHECKING GAGE

Fig. 23 — Checking Cylinder Liner
» for Roundness

3. Measure the new liners after they are in-
stalled, in the manner described above. Due
to their thin walls, it is possible for the 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
liners.

E. Cylinder Liner Installation

“1. Clean the liner and the bore in the cylinder
block thoroughly, making sure that the bot-
tom of the flange on the liner and counter-
bore for the flange are clean.

2. Insert the cylinder liner in the block and
check the location of the top of the cylinder
liner flange in relation to the top flat surface
of the cylinder block. The top surface of the
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(CROSSWISE OF ENGINE)

MEASURE

INSIDE

DIAMETER

OF LINER AT

10 PLACES —

A B C, D&E
ON "WY" & gz
AXIS

MAXIMUM
OUT-OF-
ROUND =
L0071 WHEN
IN PLACE.

10

Fig. 24 — Measuring Liners

cylinder liner flange must be .046” to .058"
BELOW the top flat surface of the cylinder
block.

3. Install the cylinder gasket on the top of the
cylinder liner flange and press down firmly
by hand. The top of the gasket, when prop-
erly positioned should stand out .006” to
.014” ABOVE the top flat surface of the cyl-
inder block.

IMPORTANT: These dimensions must be held
in order to obtain proper sealing of the gas-
ket set between the cylinder head and the
block, when the cylinder head is tightened
in place.

F. Cleaning 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 after all
the parts have been removed from the block and

)
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it has been thoroughly cleaned with live steam or
a suitable solvent and dried with compressed air.

Inspect the entire block for cracks or damage. If
the cylinder liners are not to be changed and are
left in the block, clean all the air ports in the liners
as explained in “ENGINE AIR INTAKE SYSTEM,”

Section lll.

All the oil passages in the cylinder block must be
cleaned before assembling the engine. Effective
cleaning of these passages can be accomplished
only with the use of high steam pressure with a
solvent used in the water to dissolve the sludge and
foreign material that has collected, as these would
not be removed if only a brush and solvent or simi-
lar cleaning method were used. Remove the various
plugs at the ends of the oil galleries to clean the
passages. After cleaning, flush the passages in the

block with clean water under pressure to remove

all traces of the solvent.

To clean the water jacket of the block, remove the
plugs from the jacket. 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 all 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 a tight seal. The
plugs must be installed so that they do nof project
from the block to interfere with the fit of the at-
tached parts.

G. Air Box Drain Tube

Four (4) air box drain tubes are provided for drain-
age of fuel oil that might leak into the air b'oqu'nd,
would otherwise be drawn into the cylinders with
the air. The drain tubes are located at the front
and rear of each side of the cylinder block. These
tubes must be kept open at all times. Remove the
tubes and elbows and clean them if clogging oc-
curs. Air emerging from the tubes while the engine
is operating will indicate that the tubes are open.
NOTE: The rear drain tube on the left side of the
cylinder block is connected to the torque converter
seal drain tube to form an outlet for seal seepage.
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3. CRANKSHAFT, FLYWHEEL, AND MAIN BEARINGS

OIL SLINGER SPACER
CRANKSHAFT ASSEMBLY

"WOODRUFF” KEYS

A
T |

© OIL SLINGER

MAIN BEARING SHELL (UPPER)

THRUST WASHERSM
)

DOWEL PIN

FLYWHEEL ASSEMBLY

REAR OIL SEAL

RETAINING WASHER

‘RETAINING SCREW ——— T

CRANKSHAFT PULLEY

A. Descri pﬁon

1. CRANKSHAFT: The rigid crankshaft is a
high alloy steel drop forging, carefully heat-
treated to assure utmost strength and duro-
bility. All the main and connecting rod bear-
ing journals are hardened and ground to a
smooth finish of utmost wear-resistant qual-
ity. Complete static and dynamic balance of
the rotating parts has been achieved by
counter-weights incorporated with the crank-
shaft,

The end thrust of the crankshaft is taken
through two piece bronze washers on each
side of the rear main bearing. The crankshaft
is drilled for full pressure lubrication to the
main and connecting rod bearings.

2. MAIN BEARINGS: There are 7 main bear-
ings 4" in diameter and 1.60” wide. These
are of the precision type, readily replace-
able without machining. The main bearing
caps are attached to the crankcase and care-
fully machined in place to receive the pre-
cision bearing shells. Each bearing cap is

VIBRATION DAMPER

Fig. 25 -~ Crankshaft and Flywheel Details
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VIBRATION DAMPER REAR CONE
HUB ASSEMBLY ]
VIBRATION DAMPER FRONT CONE

' ) FLYWHEEL RING GEAR
- -::@R l@\mom OlL SEAL

numbered and when removed should al-
ways be replaced in its respective position
(numbers on bearing caps located on cam-
shaft side of the engine).

The upper halves ‘'of the main bearing shells
are seated in the crankcase. The lower halves
are held in place by the main bearing caps,
each of which is bolted to the crankcase by
two (2) special steel studs. Each half of the
bearing shell is prevented from endwise or
radial movement by a tang at the parting
line on one side of the bearing. Transverse
movement of the bearing caps is prevented
by the serrations at the parting line of cap

and block.

A spring loaded, lip type oil seal at the rear
main bearing consists of a special treated
leather ring (seal) set into the flywheel hous-
ing. The rolled-over inner diameter of the
leather is held against the crankshaft journal
by a coil spring, to prevent oil from creeping
along the journal into the flywheel com-
partment.

)
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A spring loaded, lip type oil seal is also used
at the front main bearing. This seal is pressed
into the crankshaft front cover; and the
leather lip of the seal bears against a remov-
able sleeve (vibration damper rear cone) on
the front end of the crankshaft.

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 secure-
ly to a flange on the rear end of the crank-
shaft and doweled in two places. One of the
capscrew holes is off-set and the flywheel can
be attached to the crankshaft flange in only
one position. A starter ring gear of heat-
treated steel is shrunk on the rim of the fly-
wheel.

B. Removal, Inspection, and Installation
of Crankshaft '

Inspection can be made of the crankshaft
main bearings and journals by removing the

lower and the upper oil pans 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 replace-
ment. 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 dis-
cussion.

Inspect the crankshaft for scoring, chipping,
cracking, or signs of overheating. If the
crankshaft has been overheated (usually in-
dicated by discolored or blue bearing jour-
nal 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 nofed, inspect the crankshaft at the
point of contact with the lip of the rear oil
seal. If the crank's‘haf’r is scored or excessively
worn at this point, discard the crankshaft.

4. Measure the main bearing and connecting
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‘mately .0625". If
. necessary, the work should be done by some

rod journals. The journals should be meas-
ured at several places on the diameter in
order to show the smallest diameter in case
the journal has worn out of round. The orig-
inal diameter of the main bearing journals
is 3.999" to 4.000"; the connecting rod jour-
nals are 3.249” to 3.250".

All main and connecting rod bearings sur-,
faces are hardened to a depth of approxi-
regrinding becomes

reputable machine shop that has suitable

equipment to handle precision work of this

type. Main bearing inserts of .002”, .010",
.020”, and .030” undersize can be obtained,

“and if the crankshaft is ground, the diameter
- of the journals should be reduced in steps to

.010”, .020”, and .030” below 4.000" to fit
the undersize 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..

C. Main Bearing Inspection

1.

Any bearings that are scored, chipped, pit-
ted, 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. If all shells are worn beyond
the specified limit, they all must be replaced.
Only the lower (non-grooved) shells are
loaded and subject to wear; therefore, if the

-upper shells (grooved) are serviceable and

not scored, the lower halves only may be
changed. In a majority of cases, however, it
will be wise to replace all the shells when re-
building an engine. :

The running clearance between the main
bearing shells and the crankshaft journals
is from .0024" to .0054.” in a new engine.
New bearing -shells must be installed when
this clearance exceeds .007". The amount of
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| Fig. 26 — Measuring Main Bearing Shells
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| . Fig. 27 -Mev‘asuring Inside Diameter of Main
Bearing Shell

wear on the bearing shells may be deter-
mined by measuring each shell with microm-
eters as shown in Fig. 26. New shells,
measured at the point shown (3, in Fig. 27)
are .125" thick, and any variation from .125”
will show the amount of wear on the par-
ticular shell being measured. Those less than
.122" are worn beyond the allowable limits
and must be replaced.

3. As will be seen from Fig. 27, the bearing
shells (when in place) are .001” larger in di-
ameter at the parting line than they are 90°
from the parting line. The two (2) shells do
not form a true circle when not installed and,
when measured for inside diameter, they
should be installed in the cylinder block and
‘the caps bolted tightly in place (crankshaft
removed). The two (2) halves of the shells
have a squeeze fit in the seat and cap, and
‘must be tight when the cap is drawn down.
Draw each cap down with 180 to 190 foot
pounds pull on a torque wrench. Drawing
the caps any tighter will distort the bearings.

4. 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 re-
placing 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
foot pounds torque, thus “squeezing”
the wire or feil to shim thickness between
the shell and the crank journals. Remove the
lead shims and measure them for thickness;
the clearance between the shells and the
journals should be from .0024" to .0054.”

5. Check the end thrust of the crankshaft, which
is controlled by the rear main bearing thrust
washers. The minimum end play is .006” and
should not exceed .018"; replace the thrust
washers if the play exceeds .018”.

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 “ASSEM-
BLY OF ENGINE" in this Section.

- E. Replacement of Crankshaft Oil Seals
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Drive or press the oil seals from the flywheel hous-
ing and the crankshaft front cover and install new
ones each time that the engine is disassembled.
Use a flat piece of metal to press the new seals into
place to prevent damaging the seal. The lip side of
each seal should be toward the inner side of the
housing and the cover. The lips must face each
other when the housing and the cover are installed
on the engine. :

F. Flywheel and Ring Gear Inspection
and Replacement

To remove the flywheel from the engine with it as-

sembled in the tractor, it is necessary to remove
the engine clutch and clutch housing (refer to “EN-
GINE CLUTCH REMOVAL" Section X).

1. FLYWHEEL: Inspect the clutch wearing sur-
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face of the fiywheel 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 than 1/16"
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 fly-
wheel that fits up against the flange of the
crankshaft. If the surface is not smooth and
true, the flywheel will have a slight wobble
which will result in improper clutch opera-
tion, clutch wear, and engine vibration.

2. RING GEAR: Inspect the flywheel ring gear
for general condition and wear. Replace the
gear if it is not in good condition. Remove
the ring gear from the flywheel by grinding
a notch through the ring at the root of one
of the teeth, then expand the ring and drive
it from its position. Do not attempt to remove

the ring gear without first expanding it. To
install a ring gear, proceed as follows:

a. The ring gear is shrunk on the flywheel
by uniformly heating the gear 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 not heat'
ring gear to a bright red as the heat-
treatment of the gear will be destroyed.

b. After heating, start the ring gear on the
fiywheel so that, when the flywheel is
installed, the chamfered ends of the teeth
on the ring gear will face the cylinder
block. These ends of the teeth engage the
pinion of the starter. Drive the ring gear
down tight against the shoulder on the
fiywheel. Allow ring gear to cool slowly.
Do not cool it by using water.

6. VIBRATION DAMPER

A. Description

The vibration damper, connected to the front end
of the crankshaft in the form of a flywheel, oper-
ates to reduce crankshaft stresses.

The vibration damper assembly is made up of two
damper units bolted to a common hub which is re-
tained on the front end of the crankshaft by an
inner and outer cone. The outer cone is held in
place by the crankshaft pulley, movement of the

inner cone is prevented by a shoulder on the crank-

shaft. Each damper unit consists of an inertia mass
enclosed‘in a fluid tight outer case but separated
from contact with the case by a thin wall of vis-
cous liquid not responsive to temperature changes.
Any movement of the inertia mass, within the
damper units, is resisted by the friction of the
fluid surrounding the mass and tends to dampen
the excessive torsional vibrations in the crankshaft.

B. Service

The vibration damper is rigidly constructed and
should give no trouble if given the proper care,
however, certain precautions are necessary be-
cause of its construction. The damper must never
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be struck with a hammer or similar object as to do
so will