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INTRODUCTION

R

The instructions contained in this service man-
ual are for the information and guidance of
servicemen who are responsible for overhauling
and repairing International 6, 6A, 264, 281-4,
2, 9A, 350 and 370 four cylinder diesel engines,

This manual provides the serviceman with a
fast, convenient reference to information on
operation, maintenance, and repairs, as well
as descriptions of the major units and their
functions in relation to other components of
the engine,

LUBRICATION

Instruction on the lubrication of each assembly
is given in the Lubrication Chart in the opera-
tor's manual for the particular engine, When
assembling any parts, always coat all wearing
surfaces with the lubricant specified in the
chart. Except for such installations as taper
pifis, etc., whose surfaces should be clean and
dry, use sufficient quantities of lubricant to
prevent any danger of seizing, scoring, or ex-
cessive wear when the assembly is first oper-
ated, Failure to provide ''starting lubrication
may result in serious damage,

PIESEL FUEL SYSTEM

. If-detailed information on the diesel fuel system
--is desired, refer to the ""Diesel Injection Pump"
manual, I55-1003,

SERVICE TOOLS

International crawler tractors are designed so
that few service tools are required other than
those in the mechanic's tool kit, However,
whenever the use of inexpensive special servi.
ice equipment will facilitate work, such equip-
ment is mentioned in this manual, Other than
this, it is agsumed that servicemen will select
such tools as are required, Information re-
garding special tool equipment is given in the
"Sérvice Tools' manual 15S-1002, The IH
Construction Equipment distributors already
have most of this equipment and are in an
excellent position to service these engines,

SERVICE PARTS

IH Engines deserve genuine I service parts.
The best material obtainable and experience
gained through many years of engine manu~
facturing, enable International Harvester to
produce quality that will not be found in imi-
tation or '"just as good' repair parts. No serv~
iceman can afford to guarantee a repair job
that is not serviced with genuine IH parts, No
owner should be satisfied with other than genu-~
ine IH parts,

For the correct service parts to be used,
always refer to the parts catalog for that par-
ticular engine. The loose-leaf parts catalogs

.are accurate and are brought up to date continu-

ally by issuing new pages covering any changes
in part numbers,
SERIAL NUMBERS

The engine serial number is stamped on the
crankcase where it is plainly visible,

ENGINE APPLICATION CHART

Series Machines used on

6 TD-6, UD-6

6A TD-6, UD-6A

264 TD-6 (61) 38951 to 39973%
UD-264

281 TD-6 (61) 39974 up*
“UD-281-4

9 TD-9, UD-9

9A TD-9, UD-9%A

350 TD-9 (91)
UD-350

370 UD-370

%The serial numbers shown are chagsis serial numbers,
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GENERAL

Section 1

1. DESCRIPTION

The diesel engines covered in this service man-
ual are four cycle, valve-in-head type. A built

in gasoline conversion starting system is a

basic design feature of these enyines. The en-
gine is started on gasoline and, after a brief
cylinder warm-up, is changed over manually
to operate as a full diesel engine. For a com=-
plete description of the gasoline conversion
starting system, refer to Section 8, "COM-
PRESSION RELEASE MECHANISM. ™

The crankshaft main and connecting rod bearing
journals are induction hardened. Steel-backed
babbitt main bearings support the crankshaft
with the center bearing abscorbing the crank-
shaft end thrust. These bearings are the pre-
cision insert type and require no fitting during
assembly or replacement. .

The camshaft is supported by babbitt-lined
steel-backed bearings and is driven by the idler
gear. The end thrust of the camshaft is con-
trolled by a thrust flange located between the
front camshaft journal and the camshaft journal
and the camshaft gear.

The aluminum alloy, tin-plated, solid-skirt
pistons are cam ground, and are fitted with
three compression and two oil control rings.
The full-floating type piston pins are held in
place by snap rings at the ends of each pin.

The cylinder sleeves are the replaceable dry
type and are heat-treated to file hardness for
maximum service.

Page 1

The connecting rods are heat-treated forged
steel and contain a bronze bushing at the upper
end for installation on the piston pin, while the
lower end and cap contain the locking type
selective fit bearing inserts which require no
fitting during assembly or replacement. The
rods and caps are numbered for identification
and reassembly. .

The full pressure lubrication system assures
positive lubrication to all working parts. A
gear type oil pump is internally mounted to the
bottom of the crankcase and is gear driven by
the camshaft. Oil is drawn from the oil pan by
the pump through a screen or float and is dis-
tributed under pressure, through rifle-drilled
passages in the crankcase, crankshaft, connect-
ing rods and cylinder heads. A by-pass or
full-flow lubricating oil filter effectively cleans
all of the lubricating oil. A crankcase breather
and cylinder head breather assures positive
crankcase ventilation.

1

Coolant is circulated through the engine and
radiator by a belt driven centrifugal water
pump mounted at the front of the engine, A

. thermostat located in the water elbow controls

the coolant temperature in the system.

The diesel fuel system consists of the fuel lines,
fuel filters, a water trap, a fuel transfer pump
{on power units), an injection pump, injection
nozzles and lines. The engines are equipped
with a single plunger injection pump and is
flange mounted to the crankcase front plate.

For complete detailed information on all die-
sel fuel system components refer to the "DIE-
SEL INJECTION PUMP SERVICE MANUAL,"
I1SS-1003.
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STANDARD TORQUE DATA FOR NUTS AND BOLTS
{For applications not covered in preceding
Special Nut and Bolt Torque Data'')

Recommended torques, in foot-pounds, for standard application nuts and bolts shown below
are applicable, provided:

A_ All threads are lubricated with engine oil or chassis grease, {Refer to NOTE,)

B, Joints are rigid; for example, no gaskets or compressible materials are used,
NOTE:

1. Multiply the standard torque by .85 when metallic plated bolts or nuts are used,

2. Multiply the standard torque by .75 when parkerized bolts or nuts are used..

3, Multiply the standard torque by .70 when Molykote, white lead or similar mixtures
are used as lubricants,

4, Multiply the standard torque by .90 when hardened surfaces are used under the nut
or bolt head,

Bolt Type 2 - Type 4
Size Min, Max, Min, Max,
1/4 9 : 10 12 14
5/16 19 21 27 30
3/8 33 37 45 50
7/16 53 60 75 85
1/2 8O 90 115 130
9/16 110 125 160 180
5/8 160 180 220 250
3/4 290 320 400 450
7/8 420 470 650 730
1 630 710 970 1090
1-1/8 850 950 1380 1550
1-.1/4 1200 1350 1940 2180

BOLT TYPE IDENTIFICATION CHART

IH SAE BOLT HEAD *
Type Grade DESCRIPTION MARKING

2 5 WILL HAVE AN IH AND 3 RADIAL LINES

Quenched and tempered medium carbon steel

4 8 WILL HAVE AN IH AND 6 RADIAL LINES @

Quenched and tempered special carbon or alloy
steel

% The center marking identifies the bolt manufacturer, The TH monogram is currently
used. Some bolts may still have a raised dot which previously identified IH bolts,
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Magneto
NOTE: Specifications of magneto and distributor are the same for all

this manual except as indicated,

Make

Model ., , . . . ..

No. of Cylinders .

Magneto (Alnic'o Alloy),
Grd, Switch , , , ., .
Rotation . . , , , ., .

Breaker Point
Gap Inch, . ., , .,

Spark
Advance . ., , . , , ,

Dist, Pinion
~Backlash Inch . e

Make , ., .., .
Modet ., , -, . . e
No, of Gi‘rlinders .

Rotation . e e e

Tractor or Power
Unit Model Number

UD-6

UbD-6A . ., ,

Y

TD-6 . . . ....

TD-6(61) , . . . . .

UD-264 . , Y. . ..
UD-281-4 ., , ., . .
155-1035B  4-64

e e e IH Inpulse Couplin
Trips at . .

e e e H4

« e e . 4

« « « JRotating Shaft End
Clearance Inch ,

. .+ . Autornatic

Magneto Gear

Counter Clockwise Helical . e e

Magneto Dr. Shaft

. e . L.013 Diameter Inches ,
Drive Gear . .

. e e s 7°
Bushing -
Diameter

v« « 004 Max, Inches , . ., .

Distributor

. e IH Breaker Point
Gap Inch . .

« e H o

i - Spark
. . ) 4 Advance . .
+ « . Clockwise Volts , ., ., . ,

Cranking Motor
CHART A

Tractor or Power
Unit Model Number

Cranking Motor
Model Number
. . 1108904 UD-9 ., .. ..
. - 1108904 UD-94A ., ., ., .

. . 1108925
1108940

TD-9 . . . ..

TD-g (9;]_-) . . . -

- 1113038
1113052

| UD-380 ., .,
. . 1108933

. 1108933 UD-370

series engines covered in

6-1/2° after TDC

(13° after TDC for
the TD-9 and TD-9
{91 series) Engines

. .003.,013

.

. 27 Teeth

. .9995-1,0005

. Camshaft

. 1,0015~1,0030

.020

8% at 1000 rpm
s e e e 12

S

Cranking Motor
Model Number

. e 1108904
1108933

1108925
1108940

1113038
1113052

1108933

or R
1113038 Q

1113008

PRINTED IN UNITED STATES OF AMERICA
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2. SPECIFICATIONS - Continued

Current - Voltage Regulator.,

Alr gap. « + ¢ 4 0 4
Testing range, . . . .
Adjusting specification.
Point opening . . . . .

Electrical

Delco-Remy No, 1118381, 12 Volt,
Cutout Relay

020 inch
11.8 - 14.0 volts
12,8 volts
. 020 inch

Current - Voltage Regulator. Delco~Remy No. 1118779, 12 Volt.

Alr gape « + + « o+ . .

Testing range. . . . .
Adjusting specifications
Point cpening . . .

Three-unit Regulator,

Air gap. . « « .+ . .
Point opening . . . .
Closing voltage range
Voltage setting range.
Current setting range

« & & =

Step Voltage Control,

Alr gap. .+ + + 4+ . -
Point opening . . . . .
Contact spring tension .
Armature travel. ., . .
Opening range. . . . .
Adjusting specifications
Closing range. . . . .

Cutout Relay

.020 inch
11.8 - 14,0 volts
12.8 volts
.020 inch

. 1119152, 12 Volt,

Voltage
Cutout Relay Regulator
. . . 020 inch . 075 inch
. - . 020inch =0 = a4 @ = - -

11,8 - 13,5 volts

5884, 12 Volt,
Cutout Relay

.015 inch
.020 inch

13,3 volts
12.5 - 14.0 volts

Relay. Delco-Rermy No, 1116807, 6 Volt,

Air gap (points closed).
Point opening {armature
Closing voltage range .

Reverse current - maximum at

down)

.024 inch

.016 inch

7.1l - 8.0 volts
1.5 amperes

6.4 volts, . . .

Relay. Delco-Remy No. 1116808, 12 Volt.

Air gap (points closed).
Point opening . . . .+ .
Closing voltage range .

.015 inch
.020 inch
12,5 « 14,3 volts
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Voltage Regulator

. 075 inch
13,6 - 14,5 volts
14,0 volts

Voltage Regulator

.075 inch
13,6 - 14,5 volts
14. 0 volts

Current
Regulator

. 075 inch

Step-voltage Control

.030 inch

.010 inch

0.8 oz.

.030 inch

14,0 - 15,5 volte
14,7 volts

12.5 - 14,0 volts
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3. CHECKING MECHANICAL PROBLEMS

1,
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Engine
PROBABLE CAUSE REMEDY

Engine Fails to Turn

Starting switch inoperative . . .o e Inspect for faulty cables and terminals,
Battery too low to turn engine fa.st

enough . . . . e e e e e a e e e Charge the battery or install a new one.
Engine oil too hea.vy e e e s s e e e e Use correct grade of lubricating oil.
Internal seizure . . . + . &+ 4 . o4 . . Hand crank the engine with the spark plugs

removed, engine clutch disengaged and com-
pression release lever in starting position.
If the engine does not turn easily, seizure
due to internal damage is indicated.

Cranking motor inoperative . . . . . . . Inspect all cables and terminals. Check for
tightness of mounting screws. Inspect the
commutator for damage.

Engine Will Not Operate As Diesel

Injection pump does not deliver fuel . . . Refer to "INJECTION PUMPF SERVICE MAN-
UAL," IS5-1003.
Compression release faulty (starting
controll. v v v v v e e e e e e e e s Adjust linkage. (Refer to Section 8.)

Engine Does Not Develop Full Power
Moisture in the fueltank . . . . .« « . . Drain the fuel system including the water trap

and filter, Refill with fuel oil, and vent air
from system.

Fuel oil filter and strainer clogged. e Disassembly and clean each unit,
Air cleaner clogged. . . . . .« e e . Remove and clean oil cup.
Pre-cleaner clogged (when used) e e Clean pre-cleaner,
Insufficient fuel . . . . . . . . « . . . Check fuel tank.
" Poor fuel . . . A . Use proper grade of diesel fuel.
}'.n_]ectlon pump not proper ly tlmed to the Remove the pump gear cover and make proper
engine . , . . . e e e e . . e timing adjustments.
Injection pump not operatmg prope rly .. Remove the injection pump and test it.
One or more cylinders misfiring. . . . . Locate and correct the cause.
R
Engine Turns But Will Not Start
Fuel system inoperative. . . . . . . . . Inspect the gasoline tank and check the shut-off
' valve in the gasoline strainer,
Ignition system inoperative . . . . . . . Test the ignition system and make necessary
repairs.
Intake or exhaust system clogged ., . . . Remove air flow restriction and clean the ex-

haust system.

Poor Compression

Piston rings worn, broken or cracked . . Install new rings.

Cylinder sleeves excessively worn . . . , Install new sleeves.

Valves damaged . . . « ¢« « ¢ v & & o« Install new valves,

Broken valve Bprings « « « « « « & + .+ o Install new valve springs.

Worn cylinder head gasket . . . . . . . Install new gasket.

Valve seats woyn or cracked . . . . . . Grind the valve seats. If cracked, install new
valves,

- . Install new pistons.

Install new valve guides,

.. Free the valve stem and correct the cause,
.. Adjust the valve clearance.

Worn pistons. . . + . .+ ..
Excessive valve guide wear
Sticking valves. . . . . .
Faulty valve action . . . .

-
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PROBABLE CAUSE

Page 25

Engine

REMEDY

Engine Qverheats

Insufficient water in the cocling system .

Cooling system clogged . . . . . .
Fan and water pump belt sllpp1ng, or
broken . . . . . 4 0 4 v e e e 4
Insufficient 0oil . . . e e e 4w e
Engine oil diluted w1th fuel e e e s
Defective thermostat . . . . .

Water pump leaks . . « + + « 4
Water pump defective. . + « + + « -

Check the water level in the radiator and add
water if necessary.
Flush out radiator and engine.

Check tension and make proper adjustments.
Replace the belt.

Maintain proper oil level.

Change o¢il and inspect fuel connections on
injection nozzles.

Remove and test the thermosl:a.t and replace if
necessary.

Service the packing gland.

Repair the pump.

Engine Misses

Insufficient air to engine . . . . .
Injection nozzle valve dirty or sticking .
Air lockinfuel pump . . + « « « « .+ .

Poor fuel . ., . .
Air leaks around the 1ntake manrfold . .

Remove and clean the air cleaner and air
cleaner pipe.

Remove and clean nozzle valve. I defective,
replace with serviceable unit.

Bleed the air from the system and check all
fuel lines and connections for leaks.

Use specified grade of diesel fuel.

Remove and install new intake manifold gasket.

Excessive Oil Consumption .

Piston rings worn or broken, . . . . ..
Qil level in crankcase too high . . . .

Crankcase gasket leaking . . . . . . .
Worn valve guides . . . . . . . . . .
Cylinder sleeves worn . . .
Front and rear crankshaft 011 seals
leaking . . . . e e e e .
Piston rings not seatmg e e e e e e s
Cloggedoil rings. . + + « + + « + +
Oil pan drain plug loose or worn .
Overheating . . « + « + &« & o & + + =«

W
Install new rings. .
Maintain proper oil level. ‘
Install new gasket,
Install new valve guides,
Install new sleeves.

Install new oil seals. &

Install new rings.

Remove and inspect and, if necessa.ry, repla.ce.
Tighten plug or replace.
Refer to problem ''Engine Overheats, "

Engine Does Not |dle Properly

Gummy and sticky valves and plunger. .

Incorrect timing of injection pump . . .
Plunger spring broken . . + « « « o«
Cool engine temperature . . . . . .+ .
Governor springs loose or broken. (IH
fuel injection pump.). « ¢« + + ¢ o o
Plunger scored, stuck, or worn. (I

pump, ) e e e e e s e e e .
Loose governor spring levers on control
lever shaft. {IH pump.) . . .

Restrictions to fuel delivery. (IH pump. Y.

{Continved on next page.) o

Check the valves and check reverse check
" plunger. Replace them'if necessary., ..
Time pump properly. ¥ S
Install new spring. -

Bring engine up to operatmg temperature. : ;
Repair or replace spring.

Install new plunger. ‘
Tighten screw and nut, Ed ‘
Inspect fuel lines and valves. Inspect for pro-

per level in fuel tank.



Section 1 GENERAL
rage «b
3. CHECKING MECHANICAL PROBLEMS - Continved

Engine

PROBABLE CAUSE
Engine Noises

1. A sharp rap at idling speed indicates a
loose piston pin. The pin at fault can be
located by short-circuiting the spark
plugs one at a time with the engine run-
ning on the gasoline cycle. The noise will
disappear when the plug in the cylinder
with the defective piston is short-cir-
cuited . . . ¢ 0 4 e e v e e e e e

2., A flat slap, when advancing engine speed
under load, indicates a loose piston . . .

3. A metallic knock when idling and retarding
engine speed, but disappears under load
indicates worn or loose connecting rod
bearings. The bearings at fault can be
found by short-circuiting the spark plugs
one at a time with the engine running on
the gasoline cycle, The noise will dis-
appear when the plug in the cylinder with

REMEDY

Replace piston pin.

Replace piston and sleeve.

loose connecting rod bearings is short-

circuited . .+« « « &+ - o e

. Replace worn bearings.

4, Constant rapid clicking indicates incorrect

valve clearance « + + « « « & =

. Adjust valve clearance.

5. Combustion knock in one or more cylinders:

(a) Leaky injection nozzle valve

{b) Poor fuel and/or water in fuel

{c} Faulty injection pump timing
(d) Improper engine temperature

1, Too much oil in air cleaner . . .
2, Air cleaner pipe clogged . . . .
3, Improperfuel . . . « . « « .+ &
4, Defective injection nozzle . . .
5. Worn pistons, rings and sleeves .
6. Pre-cleaner clogged . . . . . .

Injection pump not properly timed
. Incorrect valve adjustment ., . .

0o ~l
-

Low oil pressure. » « « « + o »
Lack ofoil . . + « « + & + o &
Engine runs toohot. . . . . . .
Loose bearings. . . . A e e e
Improper lubricating 011 soe e

»

Vo BB
.

6, Foreign materials entering engine

7. OQil lines clogged . . . . . . .+ &
8, Connecting rodbent . . . . . .
9 Crankshait out of alignment . . .

ISS-I 035B  4-64

-

. Replace nozzle valve.
. Drain entire diesel fuel system and refill with

a good grade of clean diesel fuel. Remove
and clean the water trap.

- Retime pump to engine.

.. Keep temperature in working range of heat
indicator,

Excessive Smoke

. . Remove air cleaner cup and remove any ex-
cess oil,

. . Remove the air cleaner and clean the pipe.

.. Use proper grade of diesel fuel.

.. Repair or install a new injection nozzle.

.. Install new parts.

. . Remove and clean. I defective, install new
parts.

. . Time injection pump.

. . Adjust the valves properly.

Bearing Faflure

. Refer to problem "Loss of Qil Pressure. "

. Maintain proper oil level. Check for leaks.

. Keep engine at normal operating temperature.

. Install new bearings,

. Use a suitable oil of non-corrosive type correct
grade and viscosity.

. Use clean oil containers when filling engine

with oil and see that all gaskets on engine are
in good conditiomn.

. Clean all oil passages.
. Align rod or install new.
. Straighten, or install new shaft,

PRINTED IN UNITED STATES OF AMERICA
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Page 27
PROBABLE CAUSE REMEDY
Valve Sticking
Valve springs weak or broken, . . . . . . Install new springs,
Gummy deposits from inferior fuel or oil , Clean, and use proper fuel or oil,
Valve stems scored or carboned e e e Clean. If necessary, install new valves,
Insufficient clearance between valve
stemandguide . ., . ., . . . 4 ¢ e+ . Ream guides for proper clearance.
Piston and Cylinder Sleeve Wear
Oil of unsuitable grade or viscosity . . . . Change to oil of suitable specifications,
Piston rings stuck or broken ., ., . . . . . Install new rings.
Lackofoil . ., o . o v v o v v s 0. Keep oil-at proper level.

Foreign materials entering engine Inspect and service air cleaner and pre-cleaner.
Piston rings not fitted properly , . . . . . Install new rings. Refer to "SPECIFICATIONS,"
. , i s par. 2.
Dirty containers used for lubricating oil , , Lubricating oil should be kept in a clean place
and clean containers used when filling crank-
case.

Loss Of 0il Pressure

Iowoillevel . . . . & v v « ¢« o ¢« « + o Add sufficient oil to bring up to specified mark
on level gauge,
Engine oil pressure indicator or line

defective, ., . . . e e s e e e e e e s Replace defective parts,

Main or connecting rod bearings worn ., . Replace defective parts.

Dirt in regulating valve, or regulating

valve spring broken , , , . . . . . . . Clean or replace spring,

Qil pump worn “ e e e e e e e e s Remove and repair, or replace,

Camshaft bearings worn excessively, ., . , Install new bearings,

Qil diluted or not as specified, , , , , , . Change oil regularly, using correct grade,
Qilleaks . ., . & 4 4 4« ¢ o ¢ o ¢ & s o+ &« Check and service where necessary - at valve

cover, side plates, dust seal at rear of oil
pan, crankcase front cover, oil seals at front
and rear of crankshaft, oil pan, oil filter and
engine oil pressure indicator tube,

Clogged oil filter , . . . . + ¢« + o o« « Change filter element,

Defective Cooling System

Insufficient water ., . . . . . . . . . .. Add water, inspect for leaks,

Faulty thermostat ., . ., . . . . . . . . . Test. If necessary, replace,

Dirtywater . . . . + ¢ ¢ v 4 ¢ ¢ o o« Drain and clean system,

Defective connections ., . . . . . . . . . Replace swelled or worn hose and defective
hose clamps.

Radiator defective, . . . . . . . . . . . Repair radiator, If necessary, replace,

Fandefective . . . . . . . . .+ . . .. Inspect fan, If damagud, replace,

Defective over~flow pressure valve

(ifequipped).. . . . . . . . . . . . ., Replace,

Defective waterpump . . . . . . . . . . Inspect water pump impeller and shaft, If
necesgsary, replace.

Waterpump leaks , , . . . . . . . . . . Service packing gland. I_fpackless type repair
or replace pump,

Dirty, scaled coolant passages, , . . . . Clean and flush passages,
Radiator clogged . . . +. v + « « & « + & Flush out radiator,
Fanbeltslipping ., . . . . . . . + + . . Check the tension; replace if greasy or worn,

{Continued on next page.)
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3. CHECKING MECHANICAL PROBLEMS - Continued
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Electrical \_)

{Refer to Sections 12 through 17.)

PROBABLE CAUSE REMEDY

Discharging Battery

Connections loose ., ., . . . . . . . « + . Tighten connections.
Short circuits . & & o & ¢ o « & s o o« o = Locate shorts and correct cause,
Connections dirty . , ., ., . e e e e e Clean connections,
Voltage regulator urit out of order . . . . Adjust or replace,
Generator not charging., . . . . . . . . . Check voltage regulator unit and make necesg-
sary adjustments or replace defective unit, . '\}
Battery Overheating ~
High charging rate, , . . e e e Inspect voltage regulator unit.
Voltage regulator unit out of order . . . . Adjust voltage regulator unit. If necessary,
replace,.

No Generator Qutput

Worn brushes e e e s e e e e e e . Replace brushes,

Burned commutator bars . . . . . . . . Recut commutator,

Sticking brushes . , . . . + . « « « « Clean brushes,

Rough, dirty or greasy commutator bars, , Clean commutator bars,
Commutator out-of-round . . . . . . . . Recut commutator.

Low brush tension e e e e e e e e s Adjust or replace brush spring.

Ammeter Shows Discharge With Engine Qperating

Generator inoperative ., ., . . . . . . . . Service or replace generator,
Faulty voltage regulatorunit . . . . . . . Adjust relay or replace if necessary,
Short circuits . . . . e e e . Test cables for shorts,

Generator drive belt loose or broken .« .. Tighten or replace belt.

Neisy Generator

Loose mountings, . . . « & & & « o « « Tighten mounting bolts,
Loose pulley e e e e e e e e e e Tighten pulley,
Worn bearings e e e e e e e e e e e Install new bearings.
Ammeter Pointer Fluctuates Rapidly U
Shorted or loose conmections . , ., . .+ . . Test for short circuits, and tighten connections.
Generator defective W e e e e e e e e s Service or replace generator,
Generator drive belt loose or broken . . . Adjust belt; if necessary, replace.
Lowidling speed . . . . . « . ¢ « « « & Adjust idling speed; check voltage regulator unit,

Cranking Motor Will Not Operate

Faulty batteries e e e e e e e e e e e Recharge, or install new batteries.

Cables and terminals defective e e e . Check ground cable and battery~to-~starter
switch cable for secure mounting to terminals;
replace cables if necessary. Inspect for
dirty or loose connections,

Cranking motor inoperative. , . , . , . . See below,

Cranking motor switch defective . e s . Inspect for burned or corroded paris, O

(Continued on next page.)
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Page 29
Electrical
PROBABLE CAUSE REMEDY
Cranking Motor Inoperative
Cranking motor burnedout . ., ., . . . . . Install new cranking motor,
Cranking motor worn or dirty, ., . . . . . Service or replace cranking motor.
Batteries defective e s & s s e e s . s Charge, or install new batteries,
Brushes not making proper contact . . . . Inspect to see if brushes are seating properly.
Defective starting switch contact points ., ., Inspect and clean; if necessary, replace,
Excessive Generstor Qutput
Generator field grounded , ., , . ., . . . Check for external ground and correct,
Defective voltage regulator unit e v e s Install new unit,
Shorted generator field e e e e e e Service or replace generator,
Magneto Does Not Turn
Defective magneto or magneto drive , , , Test magneto and make necessary adjustments.
Magneto Turns But No Spark |s Generated
Defective impulse coupling action ., ., . . Test for impulse action,
Shorted coil e e e e e e e e e e e . Replace coil,
Bad points or condenser e s s e e e e s Dress points or replace as necessary,
Faulty grounding switch e e e e e e Repair or replace switch,
No Spark at Distributer Cap
Defective cables, . . . . e e w e e e Check cables; replace if necessary, )
Defective magneto or d1str:|.butor parts , . Test magneto or distributor and replace de-
fective parts, g
Defective breaker mechanism, , . . . . . Check and make proper adjustments; replace
faulty parts,
Meagneto Turns, Spark is Generated, But Engine Does Not Develop Full Power
Timing defective . . . . ., « . . . . « . Adjust timing to engine.
Spark plugs defective . . . . . . . . . . Install new plugs.
Intermittent spark « a e e e e . Service spark plugs and inspect entire wiring
system.
Distributor Inoperative
Contact lever spring broken due to corrosion

attacking metallic materials , , . . . . . Replace spring and clean distributor carefully
to avoid repetition,
Wiring to or from distributor broken,
frayed or damaged by moisture, oil or

corrosion, , . ., . . . e e 0. Inspect all wiring and replace if faulty,
Poor electrical connectmns at d1s-
tributor orplugs . . . . . . ., . . . . Inspect connections and he sure they are free

from dirt and oil,
Rotor or cap cracked or carbonized sur-
faces providing escape for current to
ground , . . . . 4 4 e ke e e e e e e Replace rotor or cap if necessary,
Faulty condenser e e e e e e e e Test condenser and replace if necessary,

(Continved on next page.)
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3. CHECKING MECHANICAL PROBLEMS - Continued
{Refer to Sections 12 through 17.}
Electrical

PROBABLE CAUSE

REMEDY

Distributor Contact Points Burned or Pitted

1. Points set too closely s e e e e e

2. Excessive resistance in condenser due to
broken strands in condenser lead , , ,
3, High voltage in electrical system . e

4, (il or foreign substances on contact points
5, Shaft or rubbing block in distributor worn

Inspect to insure correct clearance, Refer
to "SPECIFICATIONS," par, 2,

Replace as necessary.

Check for loose connections in charging circuit,
faulty voltage regulator, and grounded genera-
tor field, Tighten connections, adjust voltage
regulator, or replace defective parts.

Clean points.

Replace as necessary,

Intermittent Spark

1. Weak tension on distributor contact
points, Vibration causing chatter , ., .

2. Dirty points or incorrect setting on
contact point gap e e e s s e e e s

Correct tension,

Clean points and check contact gap,

Weak Spark

1. Dirty distributor contact points or poor
rotor connections , . . . . . . . . . .

2, Ignition timing incorrect . . . . . . .
3, Leakage of current to ground due to
faulty wiring . . . &+ + ¢« « ¢ « ¢ o o 4

4, Defective sparkplugs . . . . . . . . .

4, BATTERY TESTING CHART

Clean contacts and wipe off rotor with carbon
tetrachloride on clean cloth,
Check ignition timing,

Inspect wiring for fraying damaged or cracked
insulation and broken strands, Replace,
Service spark plugs, or replace,

HYDROMETER TEST (80°F)
(SEE NOTE) CONDITION REMEDY
Charged. No remedy is required if variation among cells
1,250 to 1,280 cells is not over .015 Sp, Gr. If variation is
SPECIFIC GRAVITY much more than .015 Sp. Gr., give high rate
discharge test. If cells test O.K., recharge
and adjust gravity of all cells uniformly.
Fair. Advisable to recharge, especially in cold
weather., Adjust gravity of cells if not uni-
1,225 to 1,250 form. Check operation and setting of volt-
SPECIFIC GRAVITY age regulator. On third brush generators,
increase the charging rate. Make a thor-
ough check of the electrical system for
short circuits, loose connections, corroded
terminals, etc.
Poor. Battery should be recharged. Adjust gravity
LESS THAN 1,225 of cells if not uniform. Proceed as outlined
SPECIFIC GRAVITY in B above.

ISS-10358  4.54
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4. BATTERY TESTING CHART - Continved

Pageil]

Electrical

HYDROMETER TEST (80° F)

(SEE NOTE) CONDITION

REMEDY

1, Short circuit in
low cell,

2. Loss of electro-
lyte by leakage
oT excessive
overcharge.

CELLS SHOW MORE
THAN 25 POINTS
(,025 SP,GR.)

VARIATION IN 3, Improper addi-
GRAVITY, tion of acid or
LOCK FOR: "dopes. "

4, Natural or pre-
mature failure,

Recharge battery at rate of 1 ampere for each
positive plate in one cell until gravity readings
show no rise in three consecutive readings when
taken one hour apart., Cell voltages on charge
should also be fairly uniform, Adjust gravity of
cells to 1,280 - 1.290 at 80° F, by addition of
water to lower, or 1.400 Sp, Gr. acid to raise
the gravity of the acid. Make high rate dis-
charge test affer not less than 12 hours and

not more than 96 hours standing on open cir-
cuit, and check discharge voltages of each

cell; if more than .15 volt between cells is
shown on discharge, the battery may be con-
sidered to be no longer serviceable,

NOTE: Electrolyte level should be 1/4 to 1/2 inch above the separators. Do not take the

reading soon after adding water,
temperature is extremely low or high,

Hydrometer readings should be corrected for temperature if

VOLTMETER TEST

CONDITION

REMEDY

IFF THE VOLTAGE DROP IS MORE THAN
.2 VOLT (2/10) BETWEEN THE CRANK-
ING MOTOR CABLE AND THE FRAME
WHILE CRANKING,

Poor contact between
terminal and frame

or between clamp ter-
minal and battery post,

Locate the high resistance; re-
pair or replace.

WHILE OPERATING THE CRANKING
MOTOR, WITHOUT IGNITION TURNED
ON, CHECK THE VOLTAGES OF ALL
CELLS, (THIS TEST CAN ALSO BE
DONE ON THE HIGH RATE TESTER,)

IF THE VOLTAGE VARIES MORE THAN
.15 VOLT BETWEEN CELLS, LOOK FOR:

Defective cell or
cells.

Compare voltage readings with
hydrometer readings - low volt-
age is usually accompanied by
low gravity.

Apply remedy given for D
above.

The presence of short circuits in the wiring can be determined by switching off all electrical
equipment and, with the ground strap connected, tapping the other cable terminal against its battery

post. Sparking will be produced if there is a substantial short circuit in the wiring.
fuses have not been burned out before making the test,

a low reading ammeter in the circuit,

Be sure that
To detect a very slight short circuit, place



Section 1 GEMNERAL
Page 32
5. ENGINE TUNE-UP

Engine

PROBABLE CAUSE

REMEDY

Impropet Fuel Pressure

1, Fluctuating injection pump fuel pressare, ,
. Fuel injection pressure too low . e e

Inspect fuel injection pump.
Check for clogged fuel lines or defective fuel
injection pump.

Low Engine RPM

Linkage binding or damaged, . . . . . . .
Fuel and air shut-off improperly adjusted .
Governor control rod improperly adjusted ,

W =
. .

Repair and install new parts needed,
Make proper adjustments,
Adjust rod to proper length.

Low Fuel Pressure

1, Brokenfuellines , . . . . . . . « + « &
2, Cloggedline ., ., , ¢« ¢ v o & « & = « 4+ =
3, Improper gradeoffuel, . . . . . . . . .

Repair or install new line,
Clean or install new line.
Use correct fuel,

High Fuel Pressure

1. Clogged fuel return elbow , , . . . . . .

Remove and clean,

Operates Unevenly and Vibrates

bt

. Valve and spring assembly inoperative. ., .
2, Incorrect injection pump timing . e

General

The following steps outline the operations which
should be followed in an engine tune-up. These
steps point out the various parts of the engine
to be checked, cleaned, timed or repaired, as
needed.

lajection Pump

( Refer to "DIESEL INJECTION PUMP SERVICE
MANUAL," I55-1003.}

1. Test the injection pump either on or off the
‘engine,

2, Check the timing of the injection pump.

Injection Nozzles

(Refer to "DIESEL INJECTION PUMF SERVICE
MANUAL," IS5-1003,)

1. Test the injection nozzles on or off of the en~
gine, Adjust and repair.

188-10235B  4-64

Repair or install parts needed.

Time injection pump correctly. Refer to
"DIESEL INJECTION PUMP SERVICE
MANUAL, " ISS-1003,

2, Remove the nozzle precombustion chambers
and inspect for pitted or burned surfaces, In~
stall new gaskets and replace precombustion
chambers if necessary,

Diesel Throttle Control

(Refer to "DIESEL INJECTION PUMP SERVICE -

MANUAL," ISS-1003,)
1. Check the operation of the control,
2, Adjust friction on the disc if necessary,

3, Check the operation of the springs on the
governor control rod,

4, Check the rpm of the engine, using a
tachometer,

Yalves
{Refer to Section 2.)

1, Check the ¢learance on intake and exhaust
valves, and make adjustments,

PRINTED IN UNITED STATES OF AMERICA
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Engine

Filters

1. Replace the lubricating oil filter elements,
and clean the filter case assembly thoroughly.

2. Inspect the diesel fuel filter elements and
replace them if necessary,

Spark Plugs
(Refer to Section 17.)

1. Clean, and adjust the spark gap,
2. Replace broken plugs,

Mogneto
(Refer to Section 12.)

1, Check the breaker points,
2, Clean the breaker point chamber,

Generator

{Refer to Section 15.)

1. Imspect the commutator; clean thoroughly
at frequent intervals,

Condenser and lgnition Coil
{When used) (Refer to Section 17,)

1. Check condenser; replace it if necessary,

2, Check ignition coil; replace it if necessary.

Distributer
(Refer to Section 13.)}

1. Check the distributor contact points,

Cranking Motor
{Refer to Section 14,)

1. Imspect the commutator; clean thoroughly
at frequent intervals,

Electrical Connections.

1. Check all electrical connections in both the
high tension and low tension circuits of the ig-
nition system.

2. Check all switches.

Starting System Control and Linkage
{(Refer to Section 8.}

1. Check the entire linkage of the starting
system,

2. Check approximate clearance travel of the
starting valve cover in cylinder head (starting
position),

15510358 4-64.

Starting Carburetor
(Refer to Section 10.)

1. Remove the screen retainer and clean it.

2. Remove the fuel bowl and check the float
level, Adjust if nccessary.

3. Check float valve assembly for leakage.
Caoling System

1. Flush the radiator with clean water, then
drain and zrefill with soft water if available, or
anti-freeze solution in cold weather.

2. Check water pump packing, adjust packing
nut or install new packing as needed,

3, Check the fan belts for wear, and replace
if necessary,

4, Check the fan belt tension.
Diesel Compression Pressure

Check the compression of each cylinder on the
diesel cycle, Remove the No. 1 nozzle body
from the cylinder head. Then insert either the
special Kiene adapter or the Bacharach adapt~
er into position in the cylinder head, and se-
cure in place. Attach Kiene Model K-120 or
Bacharach pressure indicator to the adapter.
{Refer to the "SERVICE TOOLS MANUAL,"
IS5-1002.) Start the engine and switch to the
diesel cycle, With the engine operating at
1,000 rpm, check the compression readingon
the indicator, (Refer to par. 2 for compression
pressure.) After the above procedure has been
followed, remove the special adapter and check
the other cylinders in the same manner. Install
each nozzle assembly after checking.

NOTE: Be certain that the compression gauge
used is in working order and is free of leaks,

A-78481

1Hust. 4 - Kigne Pressure |ndicator,
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CYLINDER HEAD, YALVES AND MANIFOLDS

Section 2

Page 1

CYLINDER HEAD AND VALVES

1. DESCRIPTION

The IH diesel erigine cylinder head differs from
the conventional gasoline engine cylinder head

in that it contains an auxiliary combustion cham-

ber. When opened to the regular combustion

chamber by a starting valve it increases the cy-

linder volume and decreases the compression
ratio. It contains the conventional intake and
‘exhaust valves of overhead design. The valve
rocker arm housing mounts the starting valve
.operating shaft. The hood sheet and the valve
mechanism must be removed to gain access to
the cylinder head. The cylinder head must be
removed when the valve seats need recondition-
ing or when the cylinder sleeves are to be re-
moved,

The four-cylinder diesel engine has a single
cylinder head assembly.

2. ENGINE VALVES

NOTE: For complete information on valve re-
conditioning refer to paragraph 7,

3. YALYE CLEARANCE ADJUSTMENT

1. Before starting adjustment, cut out the ig-
nition as follows:

{a) DIESEL ENGINE EQUIPPED WITH H-4
MAGNETO: Cut out the magneto by placing
a jumper from the grounding switch cable
terminal (Illust, 1) to a cap screw on the
coil cover,

{b) DIESEL ENGINE EQUIPPED WITH
DISTRIBUTOR: Cut out the distributor by

COIL COVER
COIL TO DISTRIBUTOR CABLE /
1 1

T R, *
Na Dtrim o ;1;-::

7 Q)

!
VENT HOLES GROUNDING SWITCH

Illust. 1 - Showing Terminal on Magneto.

[ A-ssz/c

removing the cable which connects the
primary terminal {on the side of the dis-
tributor housing) to the ignition coil,

2. Pull the compression release lever all the
way back to the gascline position. Remove the
valve housing cover and spark plugs.

3. Crank the engine until the exhaust valve for
the No. 4 cylinder commences to close, The
openjng and closing can be seen plainly by ob-
serving the valve which is farthest to the rear,
Continue cranking slowly until the "DC" timing
mark on the fan drive pulley is in line with the
timing pointer {Ilust. 21.

Ll

Timing
pointer

A-452

llust. 2 - Showing Timing Painter and *‘DC"* Mark on Fan Drive
Puliey.

4, Insert a feeler gauge of the specified cold
clearance (refer to "SPECIFICATIONS" in Sec-
tion 1) between the valve lever and the valve
stem of the No, 1 intake valve. Adjust the valve
clearance by loosening the adjusting screw lock
nut and turning the adjusting screw as shown in
Ilust, 3 until the feeler gauge is snug, Tighten
the lock nut and recheck the clearance, Adjust
the valve clearance of the No. 1 exhaust valve
in similar manner.

5. Crank the engine one-half revolution at a
time, measuring and adjusting the clearance of

Dboth the intake and exhaust valve for each cy-

linder in succession, according to the firing
order of the engine which is 1-3-4-2,

(Continued on next page.)
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CYLINDER HEAD AND VALVES

3. VALVE CLEARANCE ADJUSTMENT - Continued

Iust. 3 - Adjusting Yalve Clearance.

6. Imnstall the valve housing cover with gasket.

_Rermove the short-circuiting jumpers as follows:
T

(a) DIESEL ENGINE EQUIPPED WITH H-4
MAGNETO: Remove the jumper wire from
the grounding switch cable terminal (Illust.
1) and the cap screw on the coil cover.

{b) DIESEL ENGINE EQUIPPED WITH
DISTRIBUTOR: Connect the cable to the
primary terminal (on the side of the dis-
tributor housing} to the ignition coil.

4. REMOVAL
{Refer to Illust. 6.)

1. Drain any remaining coolant in the engine
by opening the valve located on the left side of
the cylinder wall.

2. Remove the lifting eye from the engine, if
so equipped.

3. Remove the exhaust manifold.

4. Rernove the valve cover and gasket., Re-
move the oiler felt on engine so fitted. Re-
move the cylinder head breather pipe.,

5, Disconnect the linkage at the outer shaft
lever (47}, Remove the nuts from the shaft
lever pins (42) and tap out the pins. Remove
the levers, the oil seal (43) and the shaft (46)
from the valve housing.

6. Remove the nuts from the studs which se-
cure the valve assembly to the cylinder head.
Remove the assembly and the bottom brackets
(22). Lift the assembly evenly from the studs.
Hlust, 4.

7. Lift and remove the valve push rods.

8. Remove the injection pipes from the nozzles

and from the injection pump. Install caps on the

injection pump connections to prevent the entry
of dirt. Remove the spark plugs.

9., Remove the water outlet elbow,

16. Remove the thermostat housing from its
position above the water pump.

llust. 4 - Removing Rocker Arm Assembly.

155-1035B  4.64

FRINTED IN UNITED STATES OF AMERICA

C



@ . CYLINDER HEAD, VALVES AND MANIFOLDS Section 2
Page 3

CYLINDER HEAD AND VALVES

11. Disconnect the carburetor choke control,
the fuel shut-off rod and the primer control,
Disconnect the gasocline tube at the carburetor,

g e S T e
[

12, Remove the cover and gasket from the
forward end of the intake manifcld and discon-
nect the wires to the manifold switch, Pull the
wires free of the manifold.

e e g T

13. Remove the intake manifold assembly and
gaskets.

14, Remove the exhaust manifold assembly.

15. Remove the cylinder head stud nuts and
remove the cylinder head by lifting it evenly
from position. See Illust. 5. Ilust. 5 - Removing Cylinder Head.

Legend for Illlust. [

1. Washer. 30, Valve key.
2, Valve cover. 31. Valve spring seat.
3. Valve cover gasket, 32, Valve spring.
4, Expansion plug, 33, Valve guides
5, Snap ring, 34, Starting valve.
6. End bracket, 35. Breather tube hose.
7. Lever spacer, short. 36, Breather tube hose clamp.
8. Adjusting screw nut. 37. Breather tube.
9, Exhaust valve lever, R.H. 38. Breather tube nut,
10. Lever adjusting screw. 39, Breather tube elbow.
11, Valve lever bushing. 40, Breather pipe.
12. Valve lever shaft. 41, End bracket stud, short.
13, Valve lever spring. 42, Operating shaft lever pin.
14, Intake valve lever, L.H. 43, Operating shaft oil seal.
15, Valve lever spacer, long. 44, Lock washer.
16, Intake valve lever, R.H. 45, Operating shaft lever, inner,
17. Exhaust valve lever, L. H. 46, Operating shaft.
18, Bracket, center, upper half. 47. Operating shadft lever, outer.
19, Bracket, intermediate, upper 48, Bracket stud, outer, long.
half. 49, Bracket stud, center and inter-
20, Starting valve shaft spring, rear. mediate, short,
21, Starting valve shaft. 50, End bracket stud, short.
22, Bracket, lower half, 51, Manifold stud, short.
23, Starting valve shaft spring, front. 52. Manifold stud, long.
24, Valve key. 53, Oil header plug.
25, Valve rotator. 54, Cylinder head.
26, Valve spring. 535. Cylinder head gasket.
27. Valve guide. 56. Cover plate.
28. Exhaust valve, 57, Cover plate gasket,

29, Starting valve cover.
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CYLINDER HEAD AND YALVES

4. REMOVAL - Continved

/(__\\F—\\\\//ﬁ ?:\ \ D50

@ e 'lli[ A -
‘ ///// \\' y, P

IPB.-24214

lllust. & - Exploded View of Cylinder Head, Valves ond Starting
Mechanism {91 Series Shown - §1 Series Similar).

Iss"lossa 4_64 PRINTED IN UNITED STATES OF AMERICA



N

CYLINDER HEAD, VALVES AND MANIFOLDS Section 2

Page 5

CYLINDER HEAD AND YALVES

5. DISASSEMBLY

Intake and Exhaust Valves

Using a C-type compressor or valve lifter,
compress the valve springs and remove each
set of valve seat keys (24, Illust. 6). Remove
the compressor and lift each valve spring seat
(or positive valve rotator, whichever is used)
and spring from position., Slide the valves

from position. Keep each set in a numbered
envelope or box so that they can be reassembled

to their original positions.

(Continued on next page.)

Intake valve
Valve

rotator /
\ ] Valve
/ spring

Valve oil deflector
Valve | position determined
guide by valve guide

N

iPA-56845

1}ust. 8 « Valve Oil Deflector Location Diagram.

Iflust, 9 = Starting Yalves and [njection Nozzles.
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CYLINDER HEAD AND VALYES

5. DISASSEMBLY - Continved

A valve oil deflector is installed on all valve
assemblies in the TD-9 (91) engines after ser-
ial number 7796 and UD-370 power units after
serial number 604. The oil deflector is in-
stalled on the valve stem (Illust. 8) and reduces

the amount of lubricating oil flowing to the valve

stems. Excessive amounts of oil at this peint
causes sticky valves and excessive build up of
carbon deposits.

CAUTION: The oil deflector must be used on
intake valves when valve levers 46 223 DBX
and 46 224 DBX are used,

Starting Yalves

Remove the starting valve covers (29, Iilust.
6). Use the service tool 1 020 073 Rl to com-
press the springs and remove the keys (30),
{Refer to the "SERVICE TOOLS MANUAL,"
IS5-1002.) Lift out the valve spring seats (31)
and the springs and slide the valves from posi-
tion. ({(Hlust. 10.)

Injection Noxzles

Remove the nuts which secure the injection
nozzles to the cylinder head studs (Illust. 9).
Remove the nozzles by pulling them from posi-
tion. A slide hammer type nozzle puller is
available for this operation; various adapters
permit its use with all engines. (Refer to the
"SERVICE TOOLS MANUAL," IS5-1002.) For
disassembly of nozzles, refer to "DIESEL IN-

JECTION PUMP SERVICE MANUAL, " IS5-1003,

Yalve |ever and Shaft

To disassembie the mechanism, remove the set
screws in the shaft center bracket (18, Illust.
6}, remove the nuts from the bracket studs

and remove the retainer rings (5) from the ends
of the shaft (12). Slide the parts from the shaft.
Lift out the starting valve shaft.

NOTE: To remove the valve guides, use the
service tool described in the "SERVICE TOQQLS
MANUAL, " ISS-1002,

6. INSPECTION AND REPAIR

Clean all parts thoroughly., Carbon must be
removed from the bottom face of the cylinder
‘head, out of the valve ports and guide bores,
and from the valve head and faces, Flush out
the water passages.

i55-1035B  4-44

lllust. 10 - Compressing Starting Yalve Spring for Valve Remaval,

Inspection

Inspect all parts for damage. Check the dim-
ensions of the valves and the specifications for
the valve springs against those listed in "SPEC-
IFICATIONS" in Section 1, (Olust. 11,} If not
too severe, any score marks or scratches on
valves and related parts can be cleaned off

with a fine abrasive.

o e SREIGTAE,
llust. 11 = Testing Yalve Springs.

Repalr

The cylinder head must have parts replaced
if any doubt as to serviceability of the parts

PRINTED IN UNITED STATES OF AMERICA
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CYLINDER HEAD AND YALVES

exists. Reface each valve seat and valve head
with standard valve grinding equipment. Guides
must be especially watched and replaced if worn.
The sharp edged, chamfered end of the guide
must be at the top of the cylinder head when in-
stalled. Intake and exhaust valve guides must
extend the specified distance above the valve
spring counterbore (M, Illust. 12). Refer to
"SPECIFICATIONS" in Section 1 or chart in par.
7 for distance involved and additional informa-
tion on engine valves and valve guides.

et S

R

Iflust. 12 = Measuring Position of Starting Yalve Guide.

The valve guides are furnished for service
reamed to size; but, installation may tend to
diminish the bore slightly. Correct this after
installation by reaming out the exhaust and in-~
take valve guides and the starting valve guides,
to give the dimension specified in "SPECIFIC A~
TIONS'" in Section 1.

Valve Lever and Shaft Assembly

Replace the bushing if necessary. Be certain
that the oil hole in the bushing corresponds in
position with that of the valve lever and shaft
when installed. Bushing running clearances

are given in "SPECIFICATIONS" in Section 1.

7. VALVE RECONDITIONING
Carbon deposits on the valves and valve seats

are normal effects of the fuel-burning engine
and cannot be avoided completely (Illust, 13).

However, as the amount of carbon in the en-
gine increases, such deposits become detri-
mental to engine efficiency and valve assembly
life.

Whenever the cylinder head of an engine is re-
moved, the surfaces of the parts affected
(valves and valve seats) should be examined for
pitting, burning, warping and other defects.

The formation of carbon cannot be avoided.
However, it can be held to a minimum by the
use of good grades of fuel and accurate engine
timing.

Warpage, burning and pitting of valves is es-
pecially true of the exhaust valves, because
these are exposed to the high temperature flow
of exhaust gases., Such defects are generally
caused by valves failing to seat tightly and
evenly; this permits exhaust blowby. This can
generally be traced to hard particles of carbon
being present on the slopes of the valve seats.
It may, however, be due to weak springs, in-
sufficient valve clearance or warpage and mis-
alignment of the valve stem or guide.

Warpage occurs chiefly on the valve stem due
to its exposure to heat., Out-of-round wear
occurs when the seat has been pounded by a
valve head which is not in line with its stem or
guide.

Misalignment is a result of wear, warpage and
distortion. Wear, when accentuated by insuffi-
cient lubrication, will eventually create sloppy
clearances with resulting misalignment,

(Continued on next page.)

A-11784

llust. 13 - Carbon Corrosion and Wear are Inevitable
Products of Normal Engine Operation,
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7. YALVE RECONDITIONING . Continued

EXHAUST
VALVE

INTAKE
VALVES

STARTING VALVES

 EXHAUST VALVES

INTAKE
VALVES

EXHAUST
VALVE

STARTING VALVES A-11182

Illust, 14 « Yalve Locations on Diesel Engine.

Warpage of the valves, and in known extreme
instances, that of the crankcase, can result
from the engine overheating due to a blocked,
dirty or insufficiently filled cooling system.

More frequently, however, warpage of a valve
stem or a guide is due to uneven temperatures
being applied along its length. The lower part
of the guide.and stem is near the combustion
heat and the upper portions are closer to the
cylinder head water passages, Valve mater-
ials are carefully chosen to withstand such
varying temperatures., However, an engine that
is allowed to operate continually in an over-
heated condition is definitely open to valve stem
and guide distortion and warpage. Distortion
can also be caused by failure to tighten cylinder
head bolts to the specified foot-pounds torgque

in the sequence recommended. Valve clear -
ances are also affected in this manner.

Thus, any abnormal wear, -“warpage or distor-
tion, affecting a valve guide, will destroy its
function as an accurate bearing to maintain the
valve head concentric with its seat. This will
prevent leak-proof seating,

Oil and air are sucked past worn intake valves,
stems and guides into the combustion chamber,
This causes excessive oil consumption, which
forms excessive carbon and dilutes fuel.

Inspection Prior to Disassembly

Before disassembly of the engine for removal
of the cylinder head, examine the engine for
signs which may indicate the reason for the
need of valve reconditioning. Dry and rusted
valwe springs are an indication that the oil

155-10358  4-54

passages to the valve levers may be blocked,
This will cause wear on the valves and guides
and result in improper valve action. A defec-
tive gasket under the valve housing cover will
permit the entrance of dirt; this will cause un-
due wear on valve stems and guides and dam-
age to valve springs. Finding the cause of a
valve failure will aid in reconditioning it.

Inspection After Disassembly

1. Inspect each valve to decide whether it is
fit for further use. Remove all carbon from
the valve face, head and stem. A wire brush
or buffing wheel {Illust. 15) can be used to good
purpose for this operation,
be lightly polished, with an extremely fine ab-
ragive cloth, enough to remove the carbon de-
posits only,

i3

Illust. 15 - Cleaning Carbon from the Valve.

PRINTED IN UNITED STATES OF AMERICA
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2. Inspect each valve to see that the stem is

not worn excessively and that the head is not

burned or warped. Check the grooves in the

stem to see that they have not lost the shoul-

ders through wear, This would prevent valve
spring retainer locks from fitting snugly.

3, All valves having bent, worn, warped or
seriously pitted stems should be replaced with
new valves. Scrap and replace any valve that
cannot be satisfactorily refaced with a defin-
ite margin maintained (Illust. 16), The
amount of grinding necessary to true the valve
face is a definite indication of the valve head
warpage from the axis or centerline of its stem.
With excessive warpage, a knife edge will be
ground on part or all of the valve head because
of the amount of metal that must be removed
to completely reface. Maximum heaviness in a
valve head is required for strength and to pro-
vide for heat dissipation, Knife-edged valves
lead to breakage and warpage.

Wrong Wrong

Margin—_—t‘. Tr

Correct L2208

lilust., 16 - A Detinite Margin Must be Obtained and be
Muaintained during Reconditioning.

4. Clean all valve springs thoroughly and ex-
amine them for rust, pitting and breoken or set
coils. Test each spring against the spring
specifications (refer to "SPECIFICATIONS' in
Section 1) using a spring load tester (Hlust. 17).
(Refer to "SERVICE TOOLS MANUAL, " IS5-
'1002.})

5, Clean all valve spring retainers with sol-

vent. Examine them for rust, cracks and
bending characteristics. Replace parts as
necessary,

6. Check the valve rotators for proper opera-
tion. A load must be applied to the rotator to
correctly check it. This can be done in a spring
tester (or in an engine)., When using a spring
tester {Illust, 17}, place the valve spring
together with the rotator in the tester with a
ball bearing between the rotator cap and the

ram of the tester, Turning of the valve

rotator may be observed by compressing the
valve spring.

7. Clean parts thoroughly in solvent. Check
the ribs in the inside of the locks to see that
none are worn so much that they cause loose-
ness,.

Replace parts as necessary. The locks must
fit snugly into the valve stem groove. Check
the locks for wear on the outside surface be-
cause this might cause the valve spring re-
tainer to slide over the lock.

8, Clean the bores of the valve guides with
solvent by using a wire rifle brush as shown in
Tlust. 18, To remove carbon, blow out with
compressed air, FPositien a light at the bottom
of the bore and examine the walls for burning
blistering, cracking or signs of excessive wear.
Check the inside diameter of the guide bore at
several points around its circumference and
along its length., Specifications for the guides

are given in the following tables, Replace any

guides considered unserviceable,

NOTE; Guides require very careful cleaning.
Carbon left in the guide will deflect the pilot
and result in inaccurate reconditioning of the
valve seat.

9, Remove all carbon from the cylinder head.
Inspect all valve seats for cracks., Be certain
that all carbon is removed from the valve seat.

(Continved on next page.)

Ilust. 17 - Checking the Valve Spring Free Length
and Tension Insures a Uniform Set of Valve Springs.
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7. YALYE RECONDITIONING - Continued

Inspection After Disassembly - Continued

10, With a micrometer, check the diameter of
the valve lever shaift at the valve lever bushings.
(See the following specification tables,) If the
shaft is found to be worn excessively or out-of-
round, replace the shaft with a new shaft.

11, Inspect the valve lever bushings and, if
worn, replace with new bushings, If the valve
levers show excessive hammering and wear at
the ends which contact the valves, they should
be reground with the valve lever grinding at-
tachments furnished with the valve equipment
(Qlust. 19), Worn valve levers place side
thrust on the valve stem, thereby causing wear
onn the guides, True valve levers will make
wossible a more accurate valve tappet setting.
Remove only enough material to give a new
cven face on the end of the valve lever. Hlvst. 19 « Grinding the Yalve Lever Face Assures Proper
; Contour of Contact Faces.

FHBEEZS

In most engines, both intake and exhaust valves
are ground to the same face angle. The angle
for each is given in the following tables. De-
termine the correct face angle from the table,

1, Set the valve refacing machine to grind the

desired angle (Illust. 20). f\-)

-2, With the grinding stone dressed satisfac-
torily, insert a valve in the chuck. When it

is precisely centered, take a light cut across
its face. This is a check to determine whether
or not the valve can be reconditioned to serv-
ice standards with a correct amount of margin
maintained, Warpage that may not be apparent
in the visual inspection will be clearly defin-
able (Tllust, 16},

53
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lHlust. 18 - Clecning Valve Guide by Using a Wire Rifle Brush.
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12, After cleaning, inspect the cylinder head
for cracks. Check the areas surrounding the
exhaust valve ports for indications of blowby,
such as burning away of the metal, Clean the
water passages of the cylinder head thoroughly.

Reconditioning

VALVES . B
After being thoroughly cleaned and inspected, LJ
valves that are {it for continued use should be Illust. 20 - Locating the Yalve and Grinding Stone to the

reconditioned as follows: Specified Angle.

, PRINTED IN UNITED STATES OF AMERICA
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Avoid taking heavy grinding cuts as this heats
the valve head excessively, produces an unsat-
isfactory valve face and necessitates dressing
the grinding wheel frequently, Repeated light
grinding cuts are preferred until a true face of
even width is obtained around the valve. Avoid
passing the stone beyond the face of the valve
as this will cause ridging and grooving of the
stone surface and make dressing of the stone
necessary. Reject all valves with distorted
heads which produce an uneven face and valves
which grind down to a thin edge {Ilust. 16).

1llust, 21 - Grinding the Valve Face Angle, Take Light Cuts
Only.

After refacing each valve, inspect the end of

the stem. If wear is noticeable, reface the end

of the stem with the attachment usually pro-

S1i it
cibgeiiale
Hhliriris
S

i
2

lllust. 22 - Refacing the Valve Stem End.

vided with the valve grinding equipment (Illust.
22). Grind sufficiently to true-up the end of
the stem.

At times, unusually large amounts of heat
scale may be found on exhaust valves. There-
fore, frequent redressing of the stone will be
necessary in order to maintain a smooth, even
surface and a uniform set of valve face angles.

VALVE SEATS

Remove all carbon, scale and ¢il before at-
tempting to reface the valve seats. The grind-
ing stone, when placed against an oil seat will
become fouled and uneven grinding will occur.

1. Use a clean, oiled rag to lubricate the pilot
shank lightly. Before installing the pilot, be
certain that the valve guides are perfectly clean.
This is important; otherwise, an eccentric seat
will be cut.

2. Dress the stone to the correct angle and
install the pilot of the correct size to the valve
guide bore. (See the following tables.)

3. Lower the grinder head over the pilot shank
until the stone just clears the valve seat. Turn
on the power and very gently allow the stone to

{Continved on next poge.)
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kit 24

lilust. 23 = Grinding the Yalve Seat by Using One of the
Many Grinding Tools of Standard Manufacture,
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7. YALVE RECONDITIONING - Continued
Reconditioning - Continued
VALVE SEATS - Continued

contact the valve seat (Illust. 23). Very little
pressure other than the normal weight of

the stone should be used. Sudden, hard pres-
sures can cause cocking of the pilot on the guide
and result in eccentric grinding. Frequently
raise the stone from the valve seat in order to
prevent overheating and to clear away grinding
dust. Grind the seat sufficiently to provide an
even, smooth surface.

4. Check the seat concentricity with the valve
guide by using a dial indicator mounted on the
pilot. Run the indicator around the seat sur-
faces, thereby testing for concentricity. Run-
out must not exceed a total of , 002 inch.

5. The finish left by the regular type grinding
stone is usually satisfactory for practical pur-
poses. lLapping valves into their seats is un-
necessary if precision equiprent is used and
extreme care taken. A simple and dependable
method of testing refaced valves and seats for
roundness and concentricity employs Prussian
blue, a concentrated pipment sold in tubes.
Spread an extremely thin film of this blue on

the valve face and insert the valve into its guide.

With pressure on the exact center of the valve
head, make a quarter turn rotation in the seat
{(Illust, 24), Remove the valve and inspect

the impression made upon the seat by the trans-

IHust. 24 - Testing Valve Seat and Face Contact by Using
Prussian Blue.

155-1035B  4-64

fer of blueing and upon the valve face by the re-
moval of blueing, Check several times to make
sure that no error was made,

6. After grinding the seats it may be found
that the seats are considerably wider than the
width recommended in the "SPECIFICATIONS"
for that engine, Valve seats that are too wide
(Hlust. 25) may be narrowed by grinding down
the top edge of the seat with a stone mounted
on the grinder head. The stone must be a
smaller angle than the valve seat (15 degrees
preferably) (Hlust, 26).

1
? Correct
‘5 32 , Wrong

1FA-11203 A

Nlust. 25 - Valve Seat Width Should Conform to Specifications
for that Engine on the Yalve Face.

Seat grinding stene 15° smaller than
angle of valve seat, narrows seat

=

Valve face now contacts the seat
A-11208

Ilest. 26 - Narrowing Yalve Seat Width.
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CYLINDER HEAD AND VALVES

VALVE SPRINGS

Valve springs of uneven tension or unequal free
length will cause faulty operation., Test all
valve springs, whether new or used, as shown
in Ilust, 17 and select a set which is uniform.
(Refer to "SPECIFICATIONS" in Section 1.)

VALVE LEVERS

When replacing valve lever bushings, be sure
that the oil hole in the bushing lines up with
the oil hole in the valve lever. After installa-
tion, the bushing should be reamed. (See the
following tables for bushing sizes.,)

VALVE GUIDES

Worn valve guides in the cylinder head are
pressed from the underside of the cylinder
head; from the valve port up through the top.
Use a pusher slightly smaller than the guide in
order to prevent jamming it in the guideway
(INust. 27).

Press the replacement guides into the cylinder
head from the top of the cylinder head. Valve
guides that are improperly installed, even to
within minute fractions of an inch, will cause
fauity operation.

Iilust. 27 - Pressing Valve Guides into Cylinder Head.

All guides furnished as service parts are
reamed to size, However, as they are a press
fit, it is necessary to ream them after instal-
lation to remove any possible burns or slight
distortion caused by the pressing operation.
{(Refer to the following tables for specifications.)

TIGHTENING CYLINDER HEAD NUTS

With a torque wrench, retighten all nuts in the
correct sequence as given in [llusts. 28, 29
and 32.

5 126 a0 86 80 119 E@
OO0 0¥V O QO \\z
24W 3w B
P16 o0 1d B oc 13d
A-26576 A

lust. 28 - Sequence for Tightening Cylinder Head Nuts (6 Series).

s 120 80 64 &b &1l GI3 1%
©0 0OO*OO CO))z
P18 oy sow 1[5

A-26575 A

illust. 29 « Sequence for Tightening Cylinder Head Nuts (2 Series).

With the nuts all drawn down to final tension

as specified, go back over them; use chalk
marks to make sure none were missed, Never
place one nut on a stud and draw it down to full
tension until all other nuts have been pulled
down to a tension near that of the specified
amount. To pull nuts down unevenly will cause
distortion of the cylinder head. Furthermore,
it does not aid in securing a tight seal between
the cylinder head and the crankcase. Refer to
par, 9 for tightening the cylinder head nuts on
diesel engines.

NOTE: The letters shown on Illust. 30 and 31
refer to either the degree of angle of the valve
face or the dimensions found in the tables that
follow.

KEY TO VALVE CHARTS
(Refer to Nlust, 12, 30 and 31,}

A, Valve face angle (between valve seat
and bottom of valve head).

B. Valve head diameter.

C. Valve stem diameter.

D, Valve length.

E. Valve port inside diameter,

F. Valve seat outside diameter.

G. Valve seat width,

{Continued on next page.}
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CYLINDER HEAD AND VALVES

7. VALYE RECONDITIONING - Continved
Reconditioning - Continved
KEY TO VALVE CHARTS - Continued
{Refer to Ilust, 12, 30 and 31,)

H. Distance from outside diameter of
valve seat to the edge of the combus-
tion chamber in the head.

I, Distance from the valve seat face to
the head end of the valve guide,

J. Valve guide length,

K. Valve guide inside diameter,

L, Valve guide outside diameter,

il
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Niust. 30 - Intoke and Exhavst Valve Data.
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M. Intake and Exhaust Valve:

Distance

from valve spring counterbore in head,
to the stem end of the valve guide.
Starting Valve: Distance from stem end

of valve guide to valve lever mounting pads.

N. Distance from the face of the cylinder
head to the face of the valve seat.

SRS

)

ENANANANARRY
i
)

lae— B —md @?/A;

l*\,/m-sosw

Hiust. 31« Siuﬂing VYalve Data.

ANGLES AND DIMENSIONS OF DIESEL
ENGINE VALVES

. Symbol TD-6, TD-6 (61 |TD-9, TD-9 (91
Nlust, Series), UD-264 | Series), UD-350

30 and 31 and UD-281-4 and UD-370
45° Int. 45° Int.

A. .. 45° Exh, 45° Exh.
45°  Str. 45° Str,
1-.23/32 Int, 1-7/8 Int.

B, .. 1-17/32 Exh, |1-11/16 Exh,
31/32 Str. 1-3/32 Str.,

PRINTED IN UNITED STATES OF AMERICA
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Symbol TD-6, TD-6 (61 |TD-9, TD-9 (91
Ilust. Series), UD-264 |Series), UD-350
30 and 31 and UD-281-4 and UD-370
, 372 Int, .402 Int,
C. .. 372 Exh, ,402 Exh.
309 Str. .309 Str.
7-7/32 Int. 7-25/32 Int.
D. . 7-7/32 Exh. 7-13/16 Exh.
4-41/64 Str. 5 Str.
1-1/2 Int, * 1-21/32 Int.
E. .. 1-5/16 Exh.* 1-21/32 Exh.
7/8 Str.* 1 Str,
1-5/8 Int. * 1-25/32 Int,
F... 1-7/16 Exh.* | 1-19/32 Exh,
15/16 Str. * 1-1/16 Str.
5/64 Int.* 5/64 Int.
G, . . 5/64 Exh, ¥ 5/64 Exh.
3/64 Str.* 3/64 Str.
1/8 Int. * 9/64 Int.
H. .. 1/8 Exh, * 9/64 Exh,
1/8 Str. * 1/8 Str.
1-31/32 Int. * 2-11/64 Int.
1 v s 1"31/32 Exh. * 2—11/64 Exh.
1-9/16 Str.* 1-27/32 Str.
_ 3-3/4 Int, 3-31/32 Int,
. 3-31/32 Exh.
3-3/4 Exh, 2-1/16 Str
2-1/16 Str. - *
4055 Int.
K. . . .374 Int, | 4055 Exh.
.374 Exh, 312 St
.312 Str. . Te
.689 Int, . 7515 Int.
L, .. . 689 Exh, .7515 Exh,
.564 Str. .564 Str,
31/32 Int. % 1-7/32 Int,
M, .. 31/32 Exh, * 1-7/32 Exh,
1-1/16 Str, * 1-1/8 Str.
1/8 Int, * 11/64 Int,
N, . . 1/8 Exh, * 11/64 Exh.
5/16 Str.* 11/32 Str.
*UTD-281-4

Abbreviations used: Int. = intake; Exh. = exhaust;
Str. = starting.

8. REASSEMBLY
Intake and Exhaust Yalves

1. Coat the valve stems with engine oil and
insert them from the bottom of the head. Each

valve should be returned to the position from
which it came.

2. Install the valve oil deflector (if so equipped)
on the valve stem (Illust. 8). Place the spring
(26, Illust. 6}, valve rotator {25} and valve
spring seat key (24) in position on the valve
stem. With a valve spring compressor or lifter
tool, compress the springs sufficiently to in-
stall the key (24) in the groove at the top of each
valve stem,

Starting Valves

3. Install the starting valves (Illust. 9} by in-
serting each valve, dipped in engine o0il, into
the valve guides located in the cylinder head,
Install the springs and seats. Compress the
springs, using the valve lifter. Insert the keys
and remove the tool. Install the valve covers.

Valve Lever and Shaft Assembly
{(Reference Numbers Refer to Hlust. 6.}

NOTE: The valve lever shaft is a two piece
shaft, which simplifies the assembly of the
components.

4. Install the snap ring (5) on the lever shaft
{12). Complete the assembly of this half of the
shaft as follows:

Install end bracket (6), lever spacer, short (7},
and exhaust lever, R.H. (9). The lever bush-
ings (11) should be installed in the levers prior
to being assembled on the shaft, Slide the fol-
lowing part in place in the given order: Lever
spring (13), intake valve lever, L.H. (14),
valve lever spacer, long (15} and one of the in-
termediate brackets, upper half (19}, Next to
the bracket install another lever spacer, long
{(15), intake lever, R.H. (16}, lever spring (13)
and exbaust lever, L.H. (17).

This completes the assembly of the half shaft.

‘The other half should be then assembled, keep~

ing in mind that when the two are finally joined
together, the levers will all be heading in the
same direction. Proceed as follows:

Install snap ring (5} on the lever shaft (12},
Then install the end bracket (6), lever spacer,
short (7), exhaust lever, L.H. {17}, lever
spring (13), intake lever, R, H. (16}, lever
spacer, long (15}, intermediate bracket, upper
half (19), valve lever spacer, long (15}, intake
valve lever, L.H. (14}, lever spring (13} and
exhaust lever R.H, (9},

Continved on next page.
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8. REASSEMBLY - Continved
Valve Lever and Shaft Assembly - Continved
{Reference Numbers Refer to Illust, 6.)

Placed end to end, the two assembled shafts
will appear as in Illust, 6 except not joined to-
gether. To complete the final assembly, as-
semble the starting valve shaft {21} with rear
spring (20) and front spring (23) in place. The
next step is to assemble the lever shafts, valve
lever center bracket, upper half {(18) and the
starting valve shaft. (This will be installed as
a complete unit. )

Install the starting valve shaft, front end, into
the end bracket shaft bore. Then slide the cen-
ter bracket, upper half (18) on the end of the
lever shaft with the detent lining up with the set
screw tapped hole.

Insert set screw and tighten., Mount the other
lever shaft in the same manner. Lock in the
shaft springs to give torque on the starting
shaft. Inspect the assembly to make sure all
compenents are installed properly.

Injection Nozzles

5, Install the precombustion chamber gaskets
into the cylinder head., Insert the precombus~
tion chambers. The word "UP" stamped at the
side must be at the top of the cylinder head,
Install the second set of gaskets. Dip the dust
seal intc a thick socap solution and install it care-
fully into the groove of the nozzle retainer body.

6. Place the retainer in position on the studs.
Install the nuts and tighten thern to the specified
torque. (Refer to "SPECIFICATIONS" in Sec-
tion 1,) Nuts and studs must be clean and free
of lubricant before torquing.

7. Place the nozzle body into position in the
nozzle body retainer. Install the cap screws
and tighten them as specified in "SPECIFICA-
TIONS" in Section 1.

2. INSTALLATION

1. Clean all carbon from the tops of the pistons
and the top surface of the crankcase.

2, Install a new cylinder head gasket. (All |
gaskets used in reassembly should be new.)

3. Install the cylinder head to the crankcase.
Secure with the stud nuts. The nuts should be
tightened as shown in Hlust. 13, and must be

torqued to the specified amounts, (Refer to

I55-1035B  4-64

N"SPECIFICATIONS" in Section 1.} Nuts and
studs must be clean and free of lubricant be-
fore torquing,

4, Install the push rods and the valve lever
assembly. .

5. Install the valve housing and gasket, As-

semble the operating shafi (46, Hlust. 6), the
operating levers (45 and 47} and the lever pins
and nuts to the valve housing bore.

6. Connect the starting valve linkage to the
outside lever (47). Install the cylinder head
breather,

7. Adjust the valves as described in par. 3.
Set the valve clearances as specified for the

cold setting in "SPECIFICATIONS" in Section
1. Install the valve cover, gasket and oiling

felt on engine so equipped,

A 1-¢- .
42 184 5
934 %44

A-26577

13 e -5
17 -3 —$—1
g G %%

llust. 32 - Sequence for Tightening Cylinder Head Muts
(350 and 370 Series).

8. Install the intake and exhaust manifolds,
the water outlet elbow and thermostat housing.

9. .Connect the carburetor fuel line and other
linkage and controls which were removed to
provide access to the cylinder head. Connect
the wiring to the manifold switch.

10. Install the injection pipes and tighten the
connections finger-tight. With a wrench, give
the connection a further 1/8 turn, never more.
If, however, new pipes and connections are
being installed and have just been made up from
new parts, tighten the connections finger-tight
and give a further 1-1/2 turns with a wrench,
Never tighten more than this amount as damage
to the seal and subsequent leakage will result,
In the future, the new lines and connections will
be given only 1/8 turn past finger-tight when
removed and installied.

11. Install the lifting eye on engines so equip-
ped and torque to the specified amount. (Refer
to "SPECIFICATIONS" in Section 1.) Install
the spark plugs and spark plug cables in their
correct positions.
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CYLINDER HEAD AND VALVES

12, Fill the cooling system, Be certain that
the drain valves below the radiator and on the
left side of cylinder wall are closed. Check
the oil level in the crankcase.

13, With all fuel lines and controls connected,
start the engine and allow it to operate for one
hour. Stop the engine and remove the valve
cover and gasket. Remove the valve lever
assemblies and recheck torque on the cylinder
head nuts. Tighten to the specified torque
where necessary. Install the valve lever
assemblies and back off on rocker arm ad-

justing screws to insure adequate clearance.
Adjust the valves for proper clearance., Install
the cover and gasket.

14. Install the engine hood and the exhaust
muiflers,

NOTE: On new engines or whenever new cy-
linder head gaskets have been installed, the
valve lever assemblies must be removed, the
cylinder head stud nuts retorqued, and the
valve clearance adjusted after the first 50 to
100 hours of operation.

MANIFOLDS

10. DESCRIPTION

Intake Manifold

The intake manifold is of a dual type. A small,
high-velocity passageway is used only during
starting and a large passageway on the diesel
¢yele, Two butterfly valves in the large pas-
sage open it to air when the engine is switched
to diesel operation. An automatic switch that
functions with the starting mechanism grounds
the ignition circuit when the engine is on diesel.
The grounding switch is located in the end of the
intake manifold, Springs at the end of the valve
shaft hold the butterfly valves securely open or
closed.

Exhovst Manifold

The exhaust manifold is secured to the cylinder
head exbhaust ports with studs and nuts.

11. REMOVAL
intake Mupifold

1. A, MAGNETO IGNITION: Remove the man-
ifold end cover and gasket from the forward end
of the manifold. Remove the electrical leads
from the manifold switch.

B. BATTERY IGNITION: Remove the elec-
trical leads from the terminal screws of the
manifold front cover and remove the front cover,

2. Turn off the gasoline at the tank and remove
the gasoline supply tube at the carburetor,

3. Remove the cotter and disconnect the choke
control rod from the carburetor. Remove the
primer control connections if used.

4, Remove the cap screws which secure the
air intake flange.

5. Take out the pin and remove the carburetor:
control link at the carburetor.

6. Remove the carburetor.

7. Remove the nuts that secure the manifold
to the engine and remove the manifold from the
(Dlust, 33.)

engine,

Hlust. 33 - Removin§ Intake Manifold.
Exhaust Manifold
Remove the nuts which secure the manifold to

the engine and lift the manifold and gaskets
from position.
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12. DISASSEMBLY
Intake Manifold

1. Remove the manifold end covers (4 and 26)
and gaskets (5, Illust, 34},

Z. Unhook the springs {14) and remove them.

NOTE: On units equipped with the rotary
switch, it is easier to unhook the spring from
the front control shaft after the shaft has been
removed,

3. Remove the nut from the control lever pin
(16) and remove the pin from the lever (9).

4, Remove the screws which hold the butterfly
valves (6) to the control shafts (7 and 13) and
lift out the valves.

5. Pull the control shafts out of the intake
manifold.

6. Remove the seals (11) if necessary. (The
lips of the seals must face into the manifold to
provide good sealing, )

Magneto ignition

a1

A
/22 2324 25 26 27 28 20 30\
AN Y

B.7981

lliust. 34 - Exploded View of the § (61) Series Engine Intake Manlfold. 9 (91) Similar.

1. Exhaust manifold gasket.
2. Exhaust manifold,
3. Exhaust pipegtud.
4, Intake manifold end cover, rear.
5. Intake manifold end cover gasket.
6. Manifold butterfly valve.
7. Manifold control shaft, rear.
8. Intake manifold gasket.
9. Manifold control lever,
10, Manifold baffle,
11. Manifold control shaft seal.
12. Air cleaner pipe stud,
13. Intake manifold shaft, front,
14. Intake manifold control spring.
15. Intake manifold control spring stud,
16. Intake manifold control lever pin,
17. Intake manifold expansion plug.

185-1035B  4-64

Legend

18, Exhaust pipe.

19. Exhaust pipe stud nut.
20. Carburetor stud.

21, Intake manifold.

22, Pan head screw.

23, Switch contact blade,

24, Switch contact blade,

25. Switch blade mounting strip.

26, Intake manifold end cover, front,
27. Terminal insulator,

28, Flat round hole washer.

29, l.ock washer,

30, Hex nut.

31, Intake manifold end cover, front, complete,

32, Ignition cut-out switch insulating plate.
33, Ignition switch contact plate,
34, Intake manifold end. cover, front,
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13. INSPECTION AND REPAIR

Clean all parts thoroughly, using a cleaning
solvent. Dry them with compressed air. In-
spect all parts and replace (with new) any parts
showing damage or wear sufficient to cause mal-
functioning, Inspect the grounding switch ter-
minals and insulation, Clean off any oxidation
with a tungsten file,

14. REASSEMBLY

Intake Manifold

1, Install new seals (11, Illust, 34) if neces-
sary, The lips must face into the manifold,

2. Install the two control shafts (7 and 13) and
at the same time, install the control lever (9)

on the shaft (7). Exercise care not to damage

the seals.

3. Insert the butterfly valves (6) into the slots
on the control shafts and secure with the screws.

4, Inetall the pin {16} into the control lever and
hook the springs into position.

5., MAGNETO IGNITION: Install the end cover
(4} and gasket (5). The cover for the switch
end may be left off if installation to the engine
will take place immediately, Secure the elec-
trical wires to the switch and then install cover
and gasket.

BATTERY IGNITION:
covers and gaskets,

Install the end

6. Adjust the butterfly valves by loosening the
lock nuts on top of the manifold at each end,
Adjust with the set screws until the butterfly

15510358 4-64

valves are both perfectly horizontal inside the
air passage when the levers on the shafts are
against the ends of the set screws. Tighten
the lock nuts, being careful not to disturb the
obtained setting for the valves.

15. INSTALLATION
Intake Manifold
1, Fasten the carburetor to the manifold.

2. Place new gaskets on the mounting studs

and then attach the manifold to the cylinder head,
The surface of the cylinder head around the ports
should be free from dirt. Be sure that the mount
ing faces of the manifold are clean, Torque dowr
the stud nuts to the amount specified in "SPEC-
IFICATIONS' in Section !,

3. Connect the carburetor supply and overflow
tubing.

4, MAGNETO IGNITION: Connect the switch
cable and install the end cover and gasket.

BATTERY IGNITION: Connect the electri-
cal cables to the terminals on the end cover.

5. Connect the choke contrel rod and the pri-
mer connections if used,

6, Install the linkage connecting the carburetor
shut-off cam to the cross shaft,

Exhoust Manifeld

1, Place the gaskets into position on the studs
of the cylinder head and install the exhaust
manifold, Be certain that the cylinder head
port surfaces and the mounting surface of the
manifold are free from dirt,

2. Torque down on the retaining stud nuts to

the amount specified in "SPECIFICATIONS" in
Section 1.,

PRINTED IN UNITED STATES OF AMERICA
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CONNECTING RODS, PISTONS AND RINGS

1. DESCRIPTION
Connecting Roas

The connecting rods serve as the links between
the pistons and the crankshaft. The surfaces

of the rods must be kept free of scoring and
dents due to the high stresses under which these
engine parts function. The rod hasé a bearing

at each end; the one at the upper end being for
the piston pin which anchors it to the piston,
This is a bushing type bearing,

The bearing, at the crankshaft or lower end, is
an inserted bearing in two halves which fits
around the crankshaft and is secured by a bear-
ing cap, The connecting rod bearing cap is
furnished only with its connecting rod. The
rods are drilled to provide an oil flow to lubri-
cate the piston pin bushing.

The bearings are of the copper-lead, steel=
backed type. Both halves of each bearing are
identical and they are held in place by nibs,
which engage in notches in the connecting rod
and bearing cap. The bearings can be replaced
easily without having to remove the rods.

Pistons

The piston is one of the simplest yet most im-
portant units in the engine, and its condition has
much to do with the performance of the engine.
Its function is to receive the force of the com-
bustion pressure and transmit it to the connec-
ting rod and crankshaft,

The escape of combustion pressure past the

piston is prevented by the piston rings in grooves

between the piston and cylinder sleeve. The {fit
of the piston and rings in the sleeve must be
close enough to prevent the escape of combus-
tion gases, yet free enough to-keep friction at

a minimum.

Piston Rings

The pistons are fitted with five piston rings.
Two oil regulating rings are fitted to each pis-
ton, one below and one immediately above the
piston pin, The function of the oil regulating
rings is to provide an even circulation of lub-
ricating oil and, therefore, an all-over lubri-
cating and cooling action for the piston and
sleeve. Excess oil is wiped by the rings back
down to the crankcase.

The remaining rings are termed compression
rlngs and one of them is tapered, This tapered
ring is located above and next to the upper oil
regulating ring (third ring from the bottom].
The tapered ring has the word "top' maxked on

it and it must be assembled in the manner indi-
cated. The ring gaps and other dimensions

are given in "SPECIFICATIONS" in Section 1,
The rings should be installed on a piston so
that the gaps are 90 degrees from the thrust
side of the piston and 180 degrees from one gap
to another {Illust. 8), This is to prevent com-
bustion pressure from escaping and causing
abnormal heat which is inducive to ring seiz-
ure and loss of tension. The leakage from any
one ring gap is not critical.

Piston Pins

The piston pin or wrist pin is cylindrical in
shape and is made of steel. Its purpose is to

anchor the piston to the connecting rod. The
(Continued on next page.)

IFA-23329 A

lllust. 1 - Offset Connecting Rod and Piston with Component
Parts. & Series (9 Series Similar).

Compression rings.

Qil regulating rings,
Piston pin retainer.
Piston pin.

Figton.

Connecting rod bushing,
Connecting rod {offset rnounted).
Connecting rod bearings,
Bearing cap.

Rod bolt,

Washer.

Lack,
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CONNECTING RODS, PISTONS AND RINGS

1. DPESCRIPTION - Continued
Piston Pins - Continued

pin is retained in the piston by retainer rings
that lock into grooves of the piston pin bore.
The pin is allowed to float in its bushing in the
upper end of the rod. The aluminum of the pis-
ton is an excellent bearing material and, there-
fore, no bushing is provided between the pin
and the piston., The bearing of the steel pin in
the aluminum piston 15 the reason for the tight
fit of the pin when the piston is cold. This is
why it is sometimes necessary to heat the
piston in order to remove the pin, The speci-
fied clearance for the piston pin is given in
"SPECIFICATIONS" in Section 1.

2. REMOVAL

1. Drain the engine lubricating oil from the
crankcase oil pan by removing the drain plug
and removing the oil pan,

2. Remove the cylinder head. (Refer to
Section 2.)

3. If the piston sleeve has been worn so that
there is a ridge in the sleeve at the upper end
of the ring travel, the ridge must be removed
by using a good ridge grinder before the piston
is removed. This prevents damage to the pis~
ton ring lands during removal of pistons and
prevents damage to new top piston rings after
the installation of new rings.

CAUTION: Pistons must be handled with care
to avoid knocking them out-of-round, out of
alignment, or other damage, When removing a
piston from the crankcase, do not allow the
skirt of the piston to strike the crankcase or
connecting rod. Mark the pistons so they can
be installed in the same cylinders from which
they were removed and in the same position,

4. Remove the cotters from the nuts on the
connecting rod studs., Remove the nuts and
the bearing cap {Illust. 2). Tap the cap lightly
with a mallet, if necessary, to aid removal.
The lower bearing insert is removed with the
cap where it is held by a nib in the notch,

CAUTION: On engines equipped with loose fit-
ting sleeves {(TD-6 (61} and 281-4), it will be
necessary to block the sleeves in some manner
to prevent them from being pushed out when the
engine is cranked with the ¢ylinder head re-
moved,

5. Remove the connecting rod and piston
through the top of the crankcase. Turn the

155.1035B  4-64

crankshaft until the piston, which is to be re-
moved, is on the compression stroke. Then
push the piston up and through the crankcase

{llust, 3).

Hlost. 2 -

3
|

Removing Connecting Red Bearing Cap.

lHlust. 3 - Removing Piston and Connecting Rod through Top of
Crankease.
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CONNECTING RODS, PISTONS AND RINGS

3. DISASSEMBLY

1. With the aid of a piston ring expander, re-
move the piston rings; remove the top ring

first and the remaining rings in order (Illust,
4}, (Refer to the "SERVICE TOOLS MANUAL,"
1SS-1002.)

2. Remove the piston pin retainer rings from
each side of the piston and remove the piston
pin. I the piston pin cannot be removed by
hand, it is recommended to heat the piston in
water at 160° to 180° F., at which tempera-
ture the pins are a light, hand~pressed fit,
This heating of the piston makes it unnecessary
to use force in removing the pins, thus pre-
venting distortion of the pistons.

7

DPiston, ringé ; *
ression)

TN

Illvst. 4 - Removing Piston Rings.
4. INSPECTION AND REPAIR

Wash all parts in a dry-cleaning solvent and
dry them with compressed air, Clean the pas-
sages in the oil control rings. Use a groove
cleaning tool, or a broken piston ring which

fits the ring grooves, to clean carbon from the
ring grooves. Clean the holes in the oil control
ring grooves in each piston. Clean the oil pas-
gage in each connecting rod. Wash all parts
again and dry them with compressed air. Be
sure to blow out the oil holes.

Pistons

Measure the inside of the cylinder sleeves with
an ingide micrometer at the top and bottom,
Take the measurements at right angles to de-
termine if the sleeves are out-of-round. Pis-

tons can be checked with an outside microme-
ter. If any pistons are scored, new pistons and
sleeves must be installed, together with new
piston pins, connecting rod bushings and rings.
New pistons are selected to give a certain clear-
ance with the sleeves. For clearances, refer
to "SPECIFICATIONS" in Section 1.

Inspect the piston ring grooves for wear (Hlust,
5). For the clearance of new piston rings in
the grooves of a piston, refer to "SPECIFICA-~
TIONS" in Section 1.

Rings must be checked also for the specified
side clearance {Illust. 5). (Refer to par. 2,
"SPECIFICATIONS'" in Section 1 for ring clear=-
ance in groove.)

Insert a .006 inch feeler gaunge in 1/16 inch

against the top edge of the ring groove of the
piston. Insert a small section of a new ring,
for the groove being checked, in the groove.

I the ring section does not go in flush to the
land of the piston, the side clearance is less
than . 006 inch,

If the ring section goes in flush or below the
land of the piston, the side clearance is . 006
inch or greater and the piston should be re-

placed.

.006 feeler
gauge

”7'1/ 16"

Ring section—>

Used piston.— s

PA-52947

Hlust. 5 - Checking Piston Ring in Groove for Correct Eit.
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CONNECTING RODS, PISTONS AND RINGS

4. INSPECTION AND REPAIR - Continued

Connecting Rods

Inspect the connecting rods for straightness,
The rods should be free of twist and be parallel
to the pistons, Cylinder numbers are stamped
on the sides of the rods and on the bearing caps;
No. 1l cylinder is at the front of the engine,
Inspect the piston pin bushings and connecting
rod bearing bores for scratches and burrs,
Dress off any such unevenness, Inspect the
threads on the bearing cap studs,

Piston Rings

Inspect the piston rings for damage., Faulty
rings cannot always be detected by the eye.
Engine performance and irregularities such as
excessive oil consumption must be taken into
consideration. Wherever there is doubt as to
the serviceability of the piston rings, it is
advisable to replace them with new rings to
eliminate duplication of labor in the immediate
future should failure result.

[liust. 6 - Checking Piston Ring Gap in Cylinder Sleeve.

155-1035B  4-64

Coat the sleeve, piston and ring with clean en-
gine oil. Insert each ring into the sleeve for
that piston. Use the piston to force them
squarely down inside the sleeve. Position a
feeler gauge between the ends of the ring (Illust.
6) and compare the gap present against that
specified for the ring in "SPECIFICATIONS' in
Section 1. I it is necessary to remove mater-
jial from the ring ends because the end gap is
too close, clamp a mill file in a vise, hold the
ring in proper alignment and dress off the ends
squarely to obtain the desired gap.

NOTE: On a used piston, it will probably be
found that the side clearances tend to increase
toward the top of the piston due to the greater
operating temperatures prevalent at this point,

Inspect the !"windows'' of the oil regulating
rings for blocked cil ways, Failure to keep
the cil ways clear will result in uneven lubri-
cation of the piston and sleeve and hot spots
on the cylinder sleeve and piston due to the
absence of the heat absorbing oil flow.

The bearing surfaces of the rings should be of
smooth and satin-like finish., Remove any
burrs that may be present on new rings or old
rings that will be used again.

CAUTION: When new rings are being installed
to a used piston for operation in a used sleeve,
wear on the sleeve may have left a ridge where
the piston reaches the top of its stroke. This
ridge will cause noisy engine operation and
breakage of the top ring. Remedy this by using
a ridge grinder to remove the ridge before in-
stalling the piston and ring.

Piston Pins and Bushings

Inspect the piston pins for score marks. If the
score marks are not too severe, clean with a
fine abrasive. Inspect the bushings for wear
and replace with a new bushing if necessary.
The bushings are furnished reamed to size for
service; but, after installation in the connecting
rods, a burnishing rod and reamer should be
passed through them as a check on whether the
inside diameter is as specified in "SPECIF'I-
CATIONS"Y in Section 1. (Refer to the "SER-
VICE TOOLS MANUAL,' IS5-1002,} Piston
pins are also furnished for oversize installa-
tion. (Refer to parts catalog.)
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‘CONNECTING RODS, PIS TONS AND RINGS

5. REASSEMBLY

1. With the piston pin as cool as possible and
generously coated with a clean engine lubricat-
ing oil, heat the piston in hot water to approxi-
mately 160° to 180° F, at which point the pis-
ton pin can be entered into one boss of the pis-
ton by pushing with the hand, With the piston
still hot, position the connecting rod inside the
piston, aligning the bushing in the rod bore
with the piston pin holes in the piston. Push
the piston pin completely into position. Thor-
oughly dry the piston with compressed air.

NOTE: The piston and connecting rod must be
assembled so the off-center depression in the
piston head and the position number stamped on
the lower end of the connecting red, are on op-
posite sides,

2. Squeeze the pronged ends.of the piston pin
retainer rings and install a ring in the groove
at each side of the piston to secure the piston
pin.

3. Check the fit of the piston pin in the piston
for proper end clearance as follows:

(a) Push one end of the piston pin until it
reaches a definite stop against the retain-
er ring on the opposite side of the piston.

(b) Position a feeler gauge between the
end of the pin that was pushed in and the
retainer ring to check for end clearance
as specified in "SPECIFICATIONS" in
Section 1.

{llust. 7 = Checking Piston Pin End Clearance.

4. Using a piston ring expander, install the
rings into the grooves of the pistons, The
tapered ring must be installed as directed by
the word '"Top'' stamped on its edge, Position
oil regulating rings immediately below and
above the piston pin.

Position the rings so that the gaps are 90 de-
grees from the thrust side of the piston (in
line with the piston pin bore) and 180 degrees .
from cne gap to another, as shown in Illust. 8.

L AezaEes

Illust. 8- Showing Position of Piston Ring Gaps.
6. INSTALLATION

When installing a piston and connecting rod as-
sembly which was formerly used in the engine,
iristall the assembly in the same cylinder sleeve
from which it was removed, When a new pis-
ton or a new piston and connecting rod assembly
is being installed, install a matched piston and
sleeve set., {Refer to '"Parts Catalog.'}

NOTE: The piston and connecting rod assem-
blies must be installed from above and not past
the crankshaft,

1. Place the ring compressor on the assem-
hled piston and connecting rod. Wipe clean
engine oil on the inside bore of the sleeve and
the piston. Lower the connecting rod into the
sleeve. Push down on the piston carefully un-
til it is completely in the sleeve; remove the
compressor (Illust, 10). Be sure the piston
is installed in its correct sleeve and is facing
in the correct direction with respect to the
markings on its top face.

2, Wipe the crankshaft bearing end of the rod
to remove any grit gathered during installation,
Cleanliness of the bearings, journal and bear-
ing supporting surfaces cannot be overstressed.

{Continued on next page.)
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CONNECTING RODS, PISTONS AND RINGS

6. INSTALLATION - Continued

NOTE: If virgin lead wire is to be used, wipe
clean and oil the crankshaft journal. If Plasti-
gage is to be used, wipe the bearing surface
and exposed half of the crankshaft journal free
of oil because this plastic material is solvent
in oil.

3, Torque the connecting rod bearings to the
foot-pounds specified in "SPECIFICATIONS"
in Section 1, Use virgin lead wire (or Flasti-
gage) to check the clearance between the
crankshaft and the lower bearing of the con-
necting rod. To make this check, remove the
bearing cap and bearing, place a suitable length
of 015 inch virgin lead wire (or Plastigage)
across the bearing and install the bearing and
bearing cap. Tighten the nuts to the specified
torque; then, remove the nuts and bearing cap.
If virgin lead wire was used, use a micro-
meter, measure the wire which will have been
crushed down to the clearance between the
crankshaft journal and the connecting rod bhear-
ing by the torque applied to the nuts. This
measurement should fall between the figures
specified in "SPECIFICATIONS" in Section 1.
If Plastigage is used, the flattened plastic
material will be found adhering to either the
bearing shell or the crankshaft journal. DO
NOT REMOVE THE PLASTIGAGE! To deter=
mine the bearing clearance, compare the
width of the flattened plastic piece at its wid-
est point, with the graduations on the envelope.
The number within the graduation indicates the
clearance in thousands of an inch, This
measurement should fall within the figures
found in "SPECIFICATIONS" in Section 1.

NOTE: DO NOT TURN THE CRANKSHAFT
DURING THE ABOVE PROCEDURE.

Hihl h

{lust. 9 « Checking Connecting Rod Beuaring Clearance,

1$5-1035B  4-54

‘Reinstall the bearing and cap to the connecting

rod and torque to the specified amount if the
reading was as specified, Do this to all the
connecting rod bearings.

4, Install the crankcase oil pan and gasket,
using shellac to seal the gasket in place,

5, Install the cylinder head and gasket. {Refer

to "CYLINDER HEAD AND VALVES" in Sec-
tion 2,)

6, After the installation of the new piston sets
on the new piston rings, the engine must be
"run-in,' according to the conditioning schedules
in Par. 11, before operating at normal load and
speed.

e e o . g g e

C

Illust, 11 - Checking Connecting Rad Side Clearance.
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CYLINDER SLEEVES

7. DESCRIPTION

The cylinder sleeves are of a dry type, Sleeves
and their mated pistons should be marked and
kept in sets when removed and installed back to
their original positions. A flange at the top of
each sleeve fits into a recess in the top of the
crankcase and serves to position the sleeve
correctly. The sleeves and pistons are fur-
nished for service only in matched sets, (See
"Parts Catalog.') The pistons are a select

fit in the sleeves and must not be interchanged.

8, REMOVAL

l, Remove the cylinder head assembly. ({(Refer
to)”CYLINDER HEAD AND VALVES'" in Section
2,

2. Remove the connecting rods and pistons,
{Refer to par. 2.}

NOTE: It is advisable to wrap ah oil-soaked
cloth arcund the crankshaft connecting rod bear-
ing journals to keep them as clean as possible.
Wrap the piston and connecting rod assemblies
in clean cloth also to protect them until instal-
lation.

3., Remove the cylinder sleeves by using a
sleeve puller, These tools are listed in the
"SERVICE TOOLS MANUAL,'" 1ISS-1002, (Illust,
12 and 13,)

A @%ﬂm@

tllust. 12 - Installing Cylinder Sleeve Pullsr Tool.

Cylinder sleeve
puller

h MCylinder sleeve

lllust. 13 - Remaving Cylinder Sleeve.

NOTE: If more than one sleeve is to be re-
moved, and they are to be used again, it is
important that the sleeves be marked as to the
location in the crankcase and the position in the
sleeve bore,

9. INSPECTION AND REPAIR

1, Clean the sleeves in a dry-cleaning solvent
and dry them with compressed air. Clean out
the water jacket in the crankcase.

NOTE: Abrasive material is not to be used to
clean the cylinder sleeves,

2, Measure the inside of the sleeve with an
inside micrometer from the top to the bottom
of the sleeve where it is subject to piston and
ring travel. Take measurements at right an-
gles to determine if the sleeve is out-of-round.
If a sleeve is out-of-round or scored, a new
piston and sleeve must be installed. For new
piston and sleeve clearance, refer to "SPEC-
IFICATIONS' in Section 1.

10. INSTALLATION

l. When inspection indicates that replacement
of an individual or a set of cylinder sleeves is
necessary, be sure to check the crankcase cy-
linder bores (sleeves removed) for out-of -
round and taper. The allowable taper in the
full length of the bore is . 002 inch maximum,
and the maximum allowable out-of-round is
.002 inch. These checks are made with a
three-point dial bore indicator as follows:

{Continued on .next page.)
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CYLINDER SLEEVES

10. INSTALLATION - Continued

{a) Take indicator readings in the bore at
three locations: approximately one inch from
the top, one inch from the bottom and at the
mi.ddle-

(b) Take two readings at each location 90
degrees apart.

NOTE: Oversize cylinder sleeves are avaijlable
and should be used only when the stancard ser-
vice sleeve does not give the required "fit'.

2, When the crankcase cylinder bore taper and/
or out-of-round does not exceed .002 inch, but
the standard sleeve does not give the necessary
nfit" required, the bore can be enlarged with

a "Lisle'" CH-45-cylinder hone, to accommo-
date a ,002 inch oversize sleeve,

350 and 370 Series ENGINES ONLY: When the
crankcase cylinder bore taper and/or out-of-
round exceeds the .002 inch limit, the crank-
case cylinder bore must be enlarged to 4, 760-
4,761 inches with 2 maximum of .001 each
taper in the full length of the bore and .0007
inch maximum out-of-round to accoemmodate
the . 010 inch oversize sleeve,

3. Clean the crankcase cylinder bars and
counterbore carefully, Use a dry-cleaning
solvent and wipe dry with a lint-free wiper.
Clean the cylinder sleeve in the same manner.

NOTE: Install the sleeves dry., [No lubricant
is to be used on either the cylinder sleeve or
crankcase bore,

4, ENGINES EQUIPPED WITH "PRESS FIT"
SLEEVES: Flace the sleeve {s) in dry ice for
a short time. This will shrink the sleeve and
make for casier installation., Press the
sleeve in place carefully.

ENGINES EQUIPPED WITH "PUSH FIT"
SLEEVES: Place the sleeve in its bore and
push down in position. This should requirea
force of from 50 to 100 lbs, only. If a greater
force is required, remove the sieeve and hone
the crankcase bore until the desired push fit is
obtained, If a force of less than 50 lbs. is re-
quired, remove the sleeve and try another. In
the event a substitution fails to provide a proper
fit, an oversize sleeve should be fitted as pre-
viously described, Be sure the flange of the
cylinder sleeve is firmly seated in the crank-
case counterbore,

5, Check the sleeve inside diameter for taper
and out~of-round. The taper must not exceed

. 0008 inch maximum; out-of-round must not
exceed .0005 inch maximum. (Refer to "SPECI-
FICATIONS!, Section 1),

6. Check the overall height of the cylinder
sleeve protrusion above the crankcase deck,
This dimension must be within the limits
given in "SPECIFICATIONS" in Section 1.
(Refer to Nlust, 14.,}

7. Check the sleeve flange with the crankcase
deck, The flange must be from flush to . 006
inch maximum above the crankcase deck to
assure good cylinder head gasket contact to the
cylinder sleeve flange for the proper sealing
that is required to eliminate combustion leak-

Sleeve protrusion
zbove crankcase deck

Sleeve flange thickness

4

Cylinder sleeve

?

rankcase deck
Flange height
flush to .006 above

Shim if necessary

IPA-68533

Illyst. 14 - Cress Section of Cylinder Sleeve,

155-10358  4-84
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age {Ilust, 14.) If necessary, shims are Tractor
available to be placed under the sleeve flange -
in the crankcase counterbore to obtain the Period 1: Operate the tractor in 4th gear
desired flange height (lust., 14.) 1 hour without load at 3/4 rated speed.
8. Install the pistons and connecting rods, Period 2: Operate the tractor at 3/4 rated
{Refer to par. 6.) 2 hours speed on light work,
9. Install the cylinder head. (Refer to "CYL- Period 3: Operate the tractor at full rated
INDER HEAD AND VALVES" in Section 2,) 1 hour speed on medium work.

11. ENGINE RUN-IN SCHEDULE

After the installation of new sleeve and piston
sets or new piston rings, the engine must be
"run in'' according to the following conditioning
schedule before operating at normal load and
speed,

1. Before starting the engine, be sure that the
cooling system is filled,

2. Fill the crankcase with the proper additive
type lubricating oil as specified in the latest
service bulletin on "Fuels and Crankcase Lu-
bricating Oils for IH Diesel Engines. !

3. GStart the engine and run it for two minutes
on the gasoline cycle,

4. Switch to the diesel cycle and run the en-

gine at 1/4 throttle with no load until normal

operating temperature is reached, Cover the
radiator, if necessary, to bring the engine up
to operating temperature.

5. CONDITIONING SCHEDULES
The following schedules are safe to follow

after the engine has reached operating temp-
erature:

18S-1035B  4-64

Power Unit

Period 1: Operate the engine on work about
1 hour 1/4 max, load at 3/4 rated speed.
Period 2: Operate the engine on work about
2 hours 1/2 max, load at 3/4 rated speed,
Period 3: Operate the engine on 3/4 max.
1 hour load at full rated speed.

CAUTION: Do not run the engine at idle speed
for long periocds after installing new rings or
sleeves, as rings will not seat during idle op-
eration.

6. Recheck for oil, air and water leaks and
adjust tappets. Inspect and replace the oil
filter elements if necessary.

7. After the engine has operated for 25 hours,
the oil should be drained while the engine is
hot. Refill the crankcase with an additive type
oil compatible with fuels in use as defined

in the latest service bulletin on "Fuels and
Crankcase Lubricating Oils for IH Diesel
Engines. '

PRINTED IN UNITED STATES OF AMERICA
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Oll.. PUMP, FILTER AND ENGINE BALANCER

Section 4

L UBRICATING OIL PUMP

1. DESCRIPTION

The engine lubricating ©il pump used in the
TD-6, TD=-6 (61) and TD-9 tractors and the
UD-264 and UD-281-4 power units is a gear
type pump, internally mounted to the bottom
of the crankcase and gear driven from the
camshaft.

A plunger type safety valve in the pump, re=-
lieves the pressure build-up in the pump should
a restriction occur between it and the filter
base.

The TD-9 (91) tractor, UD-350 and UD-370
power units are equipped with an engine balan-
cer and lubricating oil pump combined, The
pump is gear driven by the balancer.

2. REMOVAL
(From engines not equipped with balancer.)

1, Drain the oil from the engine. Remove the
cap screws which hold the oil pan to the crank-
case and lift off the pan and gasket.

2. Remove the wired cap screws holding the
pump and lift out the pump. Remove the oil
return pipe (tractor engines only).

3. DISASSEMBLY
Double Gear Pump (tractor)
{(Reference Numbers Refer to Nlust. 1.}

1. Remove the bottom plate (21} from the cover
{20). Remove the cover (20) which is held by
four cap screws. The gasket (19) and auxiliary
gears (9 and 18) may be removed along with the
auxiliary gear housing (17) and body gasket (5).

2. Remove the pump drive pinion {11) by driv-
ing the pin (12) out in a manner similar to that
ghown in Nlust, 2, Remove the pinion from the
shaft {13) to which it is keyed and slide the drive
shaft out of the pump body (1), Note the posi-
tion of the pump idler gear (3) and reinstall it
in its original position to maintain the same
tooth wear pattern, unless the gears are to be
replaced, The drive gear (16) is pinned to the
drive shaft (13}, This need not be removed un-
less it is being replaced.

3. Remove the safety valve spring (4} and
valve (2) from the recess in the pump body (1),

(Continved on next page.)

Page 1

21

iPB-10080

fHlust. 1- Exploded View of Oil Pump (TD-6 (6] Series) Shown).

15,

Pump body.
Safety valve.
Idler gear.

Safety valve spring.

Legend

16,
17,

18,

Pump body gasket,

0Oil return pipe.
Inlet tube.,
Dowel pin.

19.
20.
21,

Auxiliary idler gear.

Pump drive key.

Drive pinion.

Drive pinion pin.

Drive shaft,

Body cap screw,

Body gear pin,

22,

23,
24,
25,
26.

Body gear.

Auxiliary gear
housing.

Auxiliary body
gear.

Cover gasket.

Pump cover.

Pump bottom
plate.

Qil pump,
assembly.

Qil pan gasket.

Qil pan.

Plug gasket.

Drain plug.
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LUBRICATING OIL PUMP

3. DISASSEMBLY - Continued

Double Gear Pump {tractor)- Continued

NOTE: Do not remove the idler shaft from the
pump body.

N Pt “’;j’f';‘é"_“,??" E
p

>13

1lust. 2 - Removing Pinion from Drive Shaft.

Single Gear Pump {Power Unit)
(Reference Numbers Refer to Illust. 3.)

4, Remove the pump screen float (8} from the
pump cover {3} by removing a cotter pin.

5. Remove the four cap screws holding the
cover (9} to the pump body {5). The cover can

be tapped loose with a fibre hammer. The gas- 16— —= Pa-3s19C
ket (7) will come off with the cover, 11—

6. The balance of disagssembly is the same as lust. 3 - Exploded.View of Lubricating Oil Pump (UD-264 and
for steps 2 and 3 on the preceding page except UD-281-4 Power Units).

for reference numbers,

4. INSPECTION AND REPAIR

Index to reference numbers in l1lust. 3.

Clean all parts thoroughly, being sure that the
openings in the screen are free and clean. If

1. Drive key. 11. Body gear pin, the screen has been crushed, replace it rather
2, Drive pinion. 12, Body gear. than make a repair. The opening in the center
3. Drive pinion pin. 13, OQil purnp, assembly, of the float screen is a by-pass and should not
4, Cap screw. i4. 0Oil pan gasket. be closed. Clean and flush out the return pipe.
5. Pump body. 15, 0©il pan. Clean all other parts thoroughly in a dry-clean-
6, Idler gear, 16. Drain plug gasket, ing solvent and dry them with compressed air.
7. Cover gasket, 17, Drain plug.

8. Puymp screen, 18, Safety valve, Inspect all gears for wear, scoring and chipped
9. Pump cover. 19. Safety valve spring. teeth, If any gear is damaged, it must be re-
10, Drive shaft. placed. Replace mating gear also. Inspect the

15510358  4-84 PRINTED IN UNITED STATES OF AMERICA

C

S



OIL PUMP, FILTER AND ENGINE BALANCER

Section 4
Page 3
—~ LUBRICATING OIL PUMP g
N body and oil pump cover for any evidence of clearance be maintained to prevent wear on
wear (gear contact) or damage. Replace any gears and cover,

parts that are worn or damaged.
Drill and tap a hole near the bottom of the pipe

If the idler shaft in the body is loose, replace for a shut-off valve. Attach a flexible hose to
the body. The idler shaft is not furnished as a the valve to connect it to the cil pressure con-
separate part, nections on the engine (Illust, 5}.
Assembile the body gear to the drive shaft and . :
then assemble to the pump body. Check the Standard tire
clearance between the gear and the bore of the valve welded on N
body. Pressure gauge
Place a feeler gauge between the gear and the
/—\ body and turn the gear one complete revolution Pressure tank

S while holding the gauge in one position. Move
the gauge around the body bore and again turn
the gear one complete revolution to check the
clearance. Repeat this operation until the en-~
tire distance around the body has been checked.
Refer tc "SPECIFICATIONS" in Section 1 for
clearance between gear and body and between
body and idler gear. Check the clearance be- Shut-off valve
tween the idler gear and pump body in the same A
manner used to check the clearance between Flexible tube
gear and body.

When idler and body gears are assembled check

the backlash. The end clearance between the A-14003
/\ drive pinion and the pump body should also be
N J checked. (See Illust. 4 and ”SPECIFICATIONS” 1lust. 5. Oil Leqkuge Test Unit.
- in Section 1,) When the assembly is made from
all new parts, file or grind off the top of the The capacity of the tank will be in excess of 10
pump body if necessary to obtain a minimum quarts. Fill the tank with SAE-10W oil, by re-
of .010 inch clearance between the pump body moving the tank cap.
and the pinion.
The cover gasket is also used as a shim (. 006 CAUTION: Before running any tests, remove
inch thick)., This gasket should be replaced the filter elements and.clean cut the filter base.
whenever the pump is disassembled but, if a This will remove all dirt accumulation that
replacement gasket is not available, do not might otherwise be forced into the oil channels
attempt to cut a new gasket unless material of of the lubricating system.
the correct thickness is used., K a new gasket
or the proper material is not available, use the Begin the test by applying air pressure through
old gasket., The cover gasket provides a the air valve on top of the tank to 25~30 pounds
N clearance of .003 to .006 inch between the gears gauge reading, With the flexible hose connected
N .and the cover. It is very important that this to the oil pressure line on the engine, open the

valve. at the bottom of the tank to allow the oil
to flow into the lubrication system. Approxi-
mately half of the oil in the tank will be re-
quired to fill the oil lines, The pressure should
be maintained at 25 pounds throughout the test.

A bearing condition is indicated by the drip or
leakage from the ends, If this leakage appears
as a steady stream, it is evident that a bearing
is extremely worn or excessive clearance
exists. Care must be exercised to differentiate
between a strearm coming from a faulty bearing
and a stream existing because of engagement

of oil holes (such as spurt holes in the connect-
ing rods for cylinder lubrication} and grooves,

o

llust. 4 - Checking End Clearance Between Pinion and Body. {Continued on next page.)
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4. INSPECTION AND REPAIR - Continved

It is advisable to reposition the shaft for each
bearing, so that the leakage from the bearing
under observation can be properly segregated
and not confused with leakage from another
source.

The frequency of the drops indicates the con-
dition. A satisfactory bearing might pass 25
to 100 drops per minute.

1f the time element between drops is excessive,
the bearing is open to suspicion and should be
investigated. It is either too tightly fitted or an
obstruction in the oilway to the bearing exists.

On completing the tests, close the shut-off valve
and relieve the tank pressure through the air
valve.

Testing For 0il Leaks

In order to facilitate checking the main, the
connecting rod and the camshaft bearings for
excessive clearances and low oil pressure, the
following method has been found to be effective:

Make a test tank from a piece of six inch pipe
approximately 24 inches long {or use

1 020 183 R2 leakage tester shown in the "SER-
VICE TOOLS MANUAL, ' IS5-1002). Weld a
plate or base on one end and thread the other
end to take a cap. Drill and tap the cap to take
a tee connection. In one side, weld a tire valve
and, in the other end, install a pressure gauge
registering at least 75 pounds.

5. REASSEMBLY

Double Gear Pump { Tractor)
{Reference Numbers Refer to Illust, 1.)

I, Install the pump drive shaft {(13) with body
gear (16) in place in the pump body (1), Install
the shaft key (10}, drive pinion (11) and pin (12},
Check clearance between the pinion and top of
pump body. {(Refer to Par. 4, "INSPECTION
AND REPAIR. )

2, Install the idler gear {3) on its shaft in mesh
with the body gear. Be sure the idler gear is
installed in its original position, if it is the orig-
inal gear, to assure proper mating of teeth and '
tooth wear pattern,

3, Install the safety valve plunger (2} and valve
spring (4) in the recess in the pump body (1).

4. Install a new gasket (5) and position the
auxjliary gear housing with the inlet tube (7)
and dowel (8) away from the pump body. In-
stall the auxiliary gears (9 and 18) in their
original position to maintain the same tooth
wear pattern.

5. Install a new cover gasket {19) and secure
the pump cover (20) with four cap screws. In-
stall the bottom plate (21) to the cover (20).

Single Gear Pump {Power Unit)
{Reference Numbers Refer to Illust. 3.)

1. The procedure in steps 1, 2 and 3 above
may be followed except for reference numbers.

2. Install a new cover gasket (7) and cover
{9) to the pump body (5}, Install the float
screen (8) and secure with a cotter pin.

A-21346

lllust. 6 - Oil Leak Detector.

155-1035B  4-64
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Field Check

To make a fast field check of the lubricating
o0il pump to determine if it is working properly,
proceed as follows:

1. Submerge the oil pump in a bucket of oil.

2. Place your hand over the outlet hole loca-
ted at the top of the pump.

3, Turn the drive pinion until pressure is built
up in the pump and the drive pinion "FREEZES"
or cannot be turned. This indicates that the
lubricating oil pump is in working condition,

Page 5

6. INSTALLATION

1, Insert the oil pump into the crankcase and
attach it with lock washers and cap screws,
Lock the cap screws by placing a wire through
the holes in the heads of the cap screws and
twisting the ends of the wire together, Install
the oil return pipe (tractor emgine only).

2. Shellac new gaskets fo the oil pan and attach
the pan to the crankcase. Fill the crankcase
with the correct amount and grade of lubricat-
ing oil.

LUBRICATING OIL FILTER

7. DESCRIPTION

The lubricating oil filter with a replaceable

cartridge, removes the dirt and other forelgn
particles from the crankcase oil and prevents
these injurious matexials from being recircu~

lated to the engine.

Two types of oil filter systems have been used.
The by-pass system (not full-flow) used on
earlier type engines, has a pressure regulating
valve in the filter base., The oil pump pumps
the oil to the oil gallery and to the filter, The
filtered oil returns to the crankcase oil pan,

The full-flow system is in use on all current
production engines covered in this manual,

The oil pressure in this type system is con-
trolled by the regulating valve located in the
filter base. A by-pass valve is also located in
the filter base,

In addition to the two valves located in the filter
base, which visually identifies the system as
being a full-flow type, there is a safety valve
in the oil pump. Its function is to relieve the
pressure built-up in the pump should there be
any restrictions between the pump and the
filter base, The safety valve spring is the
stronger of the three valve springs.

In the full-flow system, all of the lubricating
oil is filtered before being distributed to the
bearings, These filters have a no-~drain-back
feature which eliminates the necessity of
pumping the oil up into the filters when starting
the engine,

8. REMOYAL

Drain the filters by removing the drain plugs
in the filter base. On full-flow filters also
drain the filter cases by removing the case
drain plugs. Remove the cap screws and lock
washers from the filter base. Remove the fil-
ter assembly as a unit,

9. DISASSEMBLY

By-Pass Type Filter
{See Illust. 7.)

1. Loosen and remove the retaining bolt. The
case element can then be removed from the
base. Discard the case gasket.

2., Remove the pressure regulating nut, gas-
ket and spring. Remove the regulating valve.

Full-Flow Type Filter
{See Tlust, 8.)

3, Remove the retaining nut (1) along with the
case cover. Unless replacement of ''O'" ring
{2} is intended, do not disassemble the case
cover,

4, Remove gasket (5), retaining spring (6) and
sealing cup (7). Remove the filter cartridge.
{9) and dispose of both the cover gasket (5) and
filter cartridge.

5. Remove the pipe plug (11) and drain the fil-
ter base.
{Continved on next page.)
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LUBRICATING OIL FILTER

9. DISASSEMBLY - Continued 9. Valve spring. 11, Valve nut,
10, Valve nut gasket, 12. Base gasket,
Full-Flow Type Filter - Continued

6. Remove the by-pass valve as well as the

pressure regulating valve and hold for clean- 1
ng and inspection,

>8

————8

11
s

RN
.

= Vi
: N 12 18 14 15
Y mﬁ// Ioh
g ! ooy
0 i [ \
N i
D
) v 18 @ @
PE-9493 7 16
P A-3172¢ lllust. 8 - Lubricating Oil Filter (Full-flow),
illust. 7 - By-pass Lubricating Oil Filter, 1. Retaining nut. 7. Sealing cup.
2. "O" ring, B. Filter case cover,
. Retaining bolt pin, 5. Element, 3. Snap ring. assembly.
. Retaining bolt. 6. Case gasket. 4. Case cover. 9. Filter element.
Retaining bar gasket. 7. Base, 5. Cover "O!" ring, 10. Filter base.
. Case. 8. Regulating valve, 6. Retaining spring., 1l. Pipe plug.
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LUBRICATING OIL FILTER

12, By-pass valve. retaining nut.
13, By-pass valve 17. Retaining nut gasket.

spring. 18, Regulating valve
14, Retaining nut spring.
gasket. 19. Repgulating valve.

15. By-pass valve 20, Filter base gasket,
retaining nut. 21, Pipe plug.
16, Regulating valve

10. INSPECTION AND REPAIR

Clean all parts thoroughly with a dry~cleaning
solvent.

Check the pressure regulating valve spring and
also the by-pass valve spring on the full-flow
filters, for proper length, action and condition,

On the by~pass type filters the outside diameter
of the pressure regulating valve is .900 to ,901
inch; the valve bore is ,905 to .906 inch; the
diametral clearance is . 004 to .006 inch.

On the full-flow filters the outside diameter of
the pressure regulating valve is 1.040 to 1.041
inches: the valve bore is 1,043 to 1,045 inches;
the diametral clearance is ,002 to . 005 inch.

The outside diameter of the by-pass valve is
.918 to .919 inch; the valve bore is . 921 to
.923 inch; the diametral clearance is . 002 to
. 005 inch.

11. REASSEMBLY

By-Pass Type Filter
(See Illust, 7.)

1. Install the pressure regulating valve and
spring, closed end first, into place in the
housing in the filter base. Be sure that the
spring does not cock the valve in the housing,
thus causing improper seating., Install a new
valve retainer gasket and the retainer nut.

2. Install a new filter case gasket. Grease
or otherwise lubricate the sealing rings loca-
ted in each end of filter element to prevent
possible damage. Place the element in posi-
tion on the base. Install a new retaining bolt
gasket on the bolt and insert the bolt through
the case., Install the bolt pin. Using a slight
twisting motion, install the case and bolt over
the element and tighten the bolt.

Full-Flow Type Filter
(See Nlust. 8.}

3, Install the pressure regulating valve and
spring, closed end {irst, into place in the hous-

ing in the filter base, Be suze that the spring
does not cock the valve in the housing, thus
causing improper seating. Install a new valve
retainer gasket and the retainer nut.

4, Install the by-pass valve and spring in the
same manner as the pressure regulating valve.

.5, Install a new filter element {9). Place the

retaining spring (6) and sealing cup (7) on the
element, ILubricate the cover '"OV ring (5) to
protect it and prevent possible damage when

installing the case cover.

6. Install a new "O" ring (2) to the retaining
nut {1} and slide it through the case cover (4]
and secure it with snap ring (3). .

7. Place the case cover {4) on the filter base

(10) being careful to have the cover ring prop-
erly placed., Tighten the retaining nut (1).

8. Install the drain pipe plug (11) and plug (21).

Drain

By-pass
valve

Regulating
valve

PB-7540

Hlust. 9 - Cross Section Qf Full-flow Lubricating Oil Filter.
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12. INSTALLATION

Position the filter assembly, with a new gas-

ket, on the side of the engine and secure it with

" the cap screws. Install the drain plugs in the

base. On the full-flow filters, alsc install the
drain plugs in the filter cases,

Fill the crankcase with the required amount of
oil (refer to "SPECIFICATIONS' in Section 1).

ENGINE BALANCER

13. DESCRIPTION

The TD-9 (91 Series) crawler tractor and UD-
350 and 370 power units are equipped with an
engine balancer mounted to the under side of
the crankcase. The engine balancer consists
of two eccentric weights located below the
crankshaft in the exact middle of the engine.
The weights are gear driven, in opposite di-
srections, at twice the crankshaft speed.and
will reduce engine vibration at higher speeds;
thereby, providing a smoother running engine.
The oil pump is gear driven by the balancer
and is integral with the balancer (Illust. 11},

The weighted gears are matched and timed to
each aother (Illust. 10} and they are also timed
to the engine by means of timing marks on the
gears. They counteract the change in center

of gravity of the pistons by moving down when
the total weight of the pistons is going up, and
vice versa. Both weights, therefore, are

Center of

Without balancer

all the way down when the pistons are at the
end of their strokes., In one-~fourth revolution
of the engine crankshaft, they move to the top
just as the pistons pass at the same level be-
low mid-stroke. Unwanted sideways inertia
forces of the balancer are cancelled by rotat-

ing the eccentric weights in opposite directions,

14. REMOVAL
1. Remmove the oil pan,

2. Put piston No. 1 in the top-dead-center on
the compression stroke. Check to see that the
timing marks line up on the crankshaft ring.
gear and balancer drive gear. The chamifered
tooth on the drive gear should be between the
chamfered teeth on the crankshaft ring gear
when the weights are in a horizontal position
{QIust. 11 and 12), as viewed from the front of
the engine.

With balancer:

gravity position

Crank pin
position

Balancer
weights
position

\ \, ‘e Y
/ \

oo 0D 28 HC o6

IPA-50509

Hlust. 10 - Engine"lBuhmcer Operation.
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ENGINE BALARCER

3, Lock the engine balancer weights so they do
not shift, by putting in set screw {No.10-24,
about 1" long} at the bottom of the weights
housing. '

CAUTION: Thisg is also a safety measure to pre-
vent fingers getting in between the gear teeth of

the weights, The balancer weights should be in

a horizontal position when locked (Illust, 12},

4, Disconnect the oil line from the main oil
gallery to the balancer.

5. Remove four cap screws holding the bal-
ancer in place., The balancer is now free to be
removed from the crankcase. Remove the

shims, if used, between the balancer weights
housing and the crankcase.

iltust. 11 - Balancer |s Positicned in the Underneath Side of
Crankcase.

" Driving weight,,

Lubricating oil
pump;

g"j@ﬁ,ven_ 'weih't‘. -
b <005 Shim

ol dPA-AT 60

Hlust. 12 - Balancer Weights in Horizental Position.

15. DISASSEMBLY
{Reference Numbers Refer to [llust. 13,)

LUBRICATING OIL PUMP

1. Remove the two cap screws from the trans-
fer pipe {5) and remove the pipe. Unscrew the
two lower cap screws that secures the oil pump
body (33) to the balancer weight housing (16)
and lift off the oil pump body.

2, The pump body idler gear {31) should be
noted for position and reassembled in the same
position to maintain tooth wear pattern. The
pump body gear (29} is keyed to the shaft (28)
and may be removed.

3. Remove the pump drive gear {22) by driv-
ing the pin (23) out of the gear hub. On later
engines, the gear is also keyed to the shaft,
Tap the shaft through the balancer weight hous-
ing {(16). Unless necessary, due to wear, the
bushings {19 and 15) need not be removed. )

4, Remove the safety valve spring retainer
(37) by driving out the roll pin (34).

5. Do not remove the idler gear shaft (20), ex«
cept for replacement.

ENGINE BALANCER

NOTE: Check the backlash of all gears to de-
termine their condition before disassembling
the balancer. Refer to "SPECIFICATIONS"

in Section 1.

6. Remove the shims (39 and 40) and save for -
reassembly.

7. Drive out the roll pins (21) and remove the
balancer weight shafts (24). Support the bal-
ancer weights and avoid damaging the shaft or
bushings when removing the shafta, The bush-
ings (13A) should not be removed unless replace-
ment is necessary. The dowel pins (14) in the -
weight housing need not be removed. : .

8. Remove the bottom plate (26), which is se- -
cured by four cap screws.

NOTE: For servicing the drive gear on the. .
crankshaft refer to Section 7. :

16. INSPECTION AND REPAIR

1., Wash all the parts thoroughly in solvent and
blow dry with compressed air.

2. Check the bushings in the balancer weight
housing for serviceability. (Refer to "SPECI-
FICATIONS" in Section 1.)

(Continued on next page.)
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ENGINE BALANCER PR

16. INSPECTION AND REPAIR - Continued

3. Inspect all gears for chipped teeth, burrs
and excessive wear, Use a hone to remove the
burrs.

4. Check the weight shaft bearing surfaces for
signs of excessive wear. Running clearances
are given in "SPECIFICATIONS!" in Section 1.

5, Check the oil pump body and ends of pump
gears to gsee if end clearance has been excessive.

6. The safety valve spring may be checked, if
there is any doubt as to its serviceability, by
referring to "SPECIFICATIONS!' in Section 1,

17. REASSEMBLY

(Reference Numbers Refer to llust, 13.)

ENGINE BALANCER

1. Install the bottom plate (26) and secure with
four cap screws,

2, Press in new bushings (13A) if the old bush-
ings are found to be unserviceable, These will
require line reaming to proper dimensions as
given in "SPECIFICATIONS" in Sectiomn 1,

3. Install the balancer weights (12 and 13) in
the housing (16) and secure the shafts (24) with
roll pins. At this point, it would be advisable
to lock the weights (in a horizontal position)
with a set screw, No. 10-24., See "CAUTIONY
in paragraph 14,

LUBRICATING OIL PUMP

4. Assemble the safety valve (35) in the pump
body (33} and insert the spring (36) and retainer
{37). Secure the retainer with the roll pin (34).

5. Install the pump gear (29) with key (30A)

(if it was removed) and slide the shaft {28)
with gear into the housing. Be sure the gear is
assembled in the same position it was original-
ly to maintain the same tooth wear pattern with
the idler gear (31) which should also be install-
ed in its original position. Should it be nece-
s8sary to replace one of the gears for reasons
of wear or damage, the other gear should also

'"L1035B  4-64

be replaced. {Refer to "SPECIFICATIONS" in
Section 1 for end play allowed.)

6. On later engines, install the pump drive
key on the shaft. Install the pump drive gear
{22) on the shaft and in mesh with the small
gear on the weight (12}). Secure with pin {23)
through the gear hub.

7. Install the pump housing (33) to the balancer
housing {16) with two cap screws, Attach the
transfer pipe (5) to the pump housing with two
cap screws and tighten.

18. INSTALLATION
1. Be sure engine is timed for top dead center
of the No, 1 piston on the compression stroke,

2, Check to see that the weights are in a hori-
zontal position (see Illust, 12) and locked with
the set screw (No. 10-24),

NOTE: If general removal for inspection had
been made and shims were present, these
shims must be replaced and a backlash check
should be made, If a replacement of the crank-
shaft, balancer weight housing complete, bal-
ance weight housing assembly or balancer drive
weight is made, then shims are to be inserted
between the housing and crankcase to maintain
proper backlash between the crankshaft ring
gear and the balancer driving weight gear. {Re-
fer to "SPECIFICATIONS" in Section 1.)

3. Install the balancer to the crankcase, mak~
ing sure that the timing marks on the crankshaft
ring gear and balancer drive gear line up.

4, Tighten the balancer with the four cap
screws, Install the lockwire to the cap screws.

o

5. Install the oil line.

6. Remove the set screw (No. 10-24) used to
lock the weights in place.

7. Reinstall the oil pan.

NOTE: Additional instructions will be found in R
Section 7, pertaining to the removal and in- f
stallation of the crankshaft ring gear.

PRINTED IN UNITED STATES OF AMERICA
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IPA-43011.8B

lust. 13 - Lubricating Oil Pump and Engine Balancer.

Transfer housing screw,
Transfer housing with plug.
Pipe plug.

Transfer housing.

Transfer pipe.

Pipe plug.

Expansion plug.,

Pressure line with two nuts.
Pressure line connector nut.
10, Pressure line connector.

11. Cap screw, hex head, short.
12,  Balancer driving weight,

13. Balancer driven weight,
13A. Bushings.

14.  Dowel pin.

O 0 =] ONUT s W o

15.  ©il pump drive shaft bushing, rear..

16, Balancer weight housing.

17.  Pipe plug.

18. Dowel pin,

19.  Oil pumnp drive shaft bushing, front.
20.  0il pump idler shaft.

1$5.1035B  4-54

Legend

Roll pin

0Oil pump drive gear.

Roll pin.

Balancer weight shaft.

Cap screw, hex head, long.

0Oil pump bottom plate,

Qil pump drive shaft with gear.

Qil pump drive shaft.

Qil pump body gear.

Roll pin.

Kevy.,

Qil pump body idler gear.

Oil pump body assembly.

Oil pump body.

Roll pin.

Qil pump safety valve,

Oil pump safety valve spring.

Oil pump safety valve spring retainer.

Oil pump body with plugs.

Balancer weight housing shim, left,

ﬁala.ncer weight housing shirmn, right.
ey.
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FAN, BELT, WATER PUMP AND THERMOSTAT

Section b

1. DESCRIPTION

The cooling systems used on IH engines are
conventional type and closed type systems. The
closed type permits operation at extreme angles
without loss of coolant through the overflow
pipe and permits operation at higher engine
temperatures without boiling. In the closed
type, the overflow pipe is equipped with a pres-
sure valve which opens at about 7 pounds pres-
sure. For satisfactory operation of a closed
cooling system, extra care must be taken that
all connections are watertight. In all other
respects, the closed cooling system functions
the same as the conventional system.

The conventional system functions as follows:
The water is stored in the radiator tanks. A
positive displacement centrifugal water pump
circulates the coclant from the lower radiator
tank through the crankcase and cylinder head
water jackets, past the thermostat into the rad-
iator upper tank and down through the cooling
area of the radiator core to the lower water
tank, where the cycle is repeated. Hose com-
nections provide the joints bsetween the radiator,
water pump and water outlet header.

When the engine is started cold, the by-pass
type thermostat is closed, preventing circula-
tion of low temperature coolant through the rad-
iator core. The coolant circulates only through
the water pump and engine water passages as

Illust. 1 - Cireulation of Coolant.

Page 1

indicated by dotted arrows in illustration 1.

This circulation during the warm-up period pre-
vents formation of steam pockets. When the
engine reaches operating temperature, which

is set by thermostat specifications, the coil of
the thermostat expands and opens the passage
for the coolant to flow from the engine water
passages through the radiator and back to the
water pump as indicated by solid arrows in ill-
ustrations 1 and 2. The temperature of the
coolant controls the extent of thermostat opening
which, in turn, controls the amount of coolant
circulation.

The centrifugal water pump is fastened to the
front end of the crankcase. The drive pulley,
which also drives the fan, runs on two ball
bearings. The bearings are mounted on a
sleeve which is a press fit in the pump body.
The full floating impeller with shaft is driven
by a cross-arm type driver, which is secured
at the front end of the pump to the impeller
shaft and to the fan and water pump pulley.
Packing, compressed by an adjustable packing
gland nut, seals the impeller shait against leak-
age.

The engine uses jubt one thermostat of the by-
pass type. It is located in the thermostat hous-
ing and controls the engine operating tempera-
ture. As the temperature reaches 165° F., the
thermostat should start to open and be wide open
upon reaching 190° F,

Illust. 2 - Cutaway Showing Coclant Circulation in Crankcase
and Cylinder Head of Diesel Engine.
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FAN AND FAN BELT

2. MAINTENANCE

Check and tighten the studs and cap screws
which hold the fan to the pulley. Check the fan
blades for looseness and for being bent, Check
the blades for runout and bend inteo line if nee-
essary,

The fan belt should be maintained at the cor-
rect tension and replaced if it is damaged,
grease soaked or is bottoming in the drive pul-
ley on the crankshaft. The belt tension is cor-
rect when it can be depressed 1/2 to 3/4 inch
by thumb pressure midway between the pulleys.,

Generator,”
belt ] l
Allow lﬁ;-inch //\\"
slack here
Ve \
Fan ___——" ’\"
belt &

Allow 2 to //
3{¢-inch slack”
here

IPA-28683

Wlust. 3 - Correct Belt Tension.

3. REMOYAL
{Refer to Illust, 4,)

l. Remove the left housing sheet from around
the fan.

2, Crank the engine to bring the driver pin (6)
into position so that the lock nut (8) can be
loosened,

3. Take off the nut {8) and washer (7). Tap
out the drive pin (6).

4, Remove the driver (5) from the impeller
shaft and studs (3) being careful to remove both
springs (4) at the same time.

5. Remove the two studs (3) and the two cap
screws (not shown) that attach the fan to the
pulley hub.

155-1035B  4-64

IP A-5848B

Legend
1. Fan assembly. 5. Water pump driver,
2, Lock washer 6. Driver pin
3., Driving stud, 7. Lock washer,
4, Spring. 8. Nut,

6. Remove the fan,

4. INSTALLATION

1. Line up the holes in the fan assembly with

those in the pulley, placing the two cap screws

with lock washer in opposite holes to hold the
fan in position.

2., .Add lock washers (2) to the threaded end of
the studs (3) and screw in the studs until tight,
Then tighten the cap screws to secure the fan
to the pulley.

3., B8lip the springs (4) over the stud nuts and
place the driver (5), flat side toward the rad-
iator, onto the studs after lining up the driver
pin hole with the flat side of the impeller shaft,

4, Insert the driver pin (6} and tighten the nut
(8). ’

5. Install the fan housing sheet,

PRINTED iN UNITED STATES OF AMERICA



FAN, BELT, WATER PUKP AND THERMOSTAT

Section 5

Page 3

WATER PUMP

21

10

12

T

=

A-5624A,

Illust. 5 - Cross Section of Packing Type Water Pump and Fan
Drive.

1. Cover. 12. Bearing clamp nut
2. Impeller with shaft. spacer,

3. Thrust bushing. 13, Bearing clamp nut.
4, Sleeve. 14, Packing gland.

5. Body. 15, Bushing.

6. Felt washer. 16, Packing.

7. ©il seal, rear. 17, Stud.

8. Ball bearing. 18. Adjustable flange.
9, Fan and generator 19. Set screw.

drive pulley. 20. Bearing spacer.

10, ©il seal, front. 21, Fan.

11. Bearing retainer. 22. Pump shaft driver.
5. MAINTENANCE

Due to wear after considerable service, the
pump packing may leak. If this does occur,
tighten the packing gland just enough to stop the
leaking, After all adjustment of the packing
gland has been taken up, it is necessary to add
new packing or to replace the packing.

To install new packing, remove the driver pin
and driver. Remove the packing gland and old
packing. Place the water pump packing around

the shaft and reassemble the packing gland,
driver and driver pin.

6. REMOVAL
1. Drain the cooling system.

2. Remove the left fan housing sheet.

3. Remove the fan and water pump belt and
generator belt.

4. Loosen the hose clamps and push or drive
down the hose (Mlust. 6).

5. Loosen the upper hose clamp, remove the
bolts which hold the water pump to the crank-
case and remove the pump, pulley and fan as-
sembly (Illust. 7).

[llust. 7 - Removing the Water Fump.
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WATER PUMP

1415 16 17 1819 20, \

‘

@é{ @Q

Do A WQ},
o= P ‘.\
26 2524 23
IPA-50611
Hlust. 8 - Exploded View of Water Pump (91 Serles), &1 Serles Similar.
Legend for Illust. 8

1. Impeller with shaft. 10. ©Qil seal. 19, Lock sleeve.
2, Pump shaft. 11, Bearing, 20, Clamgp nut,
3. Thrust bushing. 7 12, Pulley hub. 2l. Packing gland,
4, Sleeve, ' ~ 7 13, Pulley flange. 22, Suction fan,
5. Shaft bushing. 14, Bearing spacer. 23, Driver pin,
6. Pump packing, 15, Bearing. 24, Driver,
7. Pump body, l6. Oil seal. 25, Driver spring,
8. Lubrication fitting. I7. Retainer gasket, 26, Driving stud,
9. Felt washer, 18. Bearing retainer,
7. DISASSEMBLY

(Refer to Tllust. 8.)

1. Screw out the packing gland (21) with a
spanner wrench (Illust, 9) and remove the
clamp nut (20). (See Illust, 10.)

2. Slide the impeller and shaft (1) out of the
pump body (see Must, 11},

3. Remove the bearing retainer (18) with seal
(16) (Illust. 12), lock sleeve {19) and retainer
gasket (17}.

4. Remove the pulley flange (13) and hub (12)

as a unit from the shaft sleeve (4). (See Ilust.
13.) The two ball bearings (11 and 15), spacer
(14) and oil seals (10 and 16) will be in the hub
(I2). If it is necessary to replace either bear-

ings or oil seals, they may be pressed or tapped
out (see Illust. 14).

5. Remove the felt washer (9) from the pump
body (7). Remove the packing (6) but do not try
to salvage; always replace with new when reas-
sembling the pump,

NOTE: Do not remove the bushings (3 or 5} or
he shaft sleeve {4} without first determining the
ieed for replacement by checking dimensions. Ilust. 9 - Removing the Water Pump Packing Gland.
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WATER PUMP

llust. 10 - Removing the Water Pump Bearing Clamp Nut, Illust. 12 - Removing the Water Pump Bearing Retalner, Seal
and Gosket.

1llust. 11 - Removing the Water Pump |mpeller and Shaft. illust. 13 - Removing the Water Pump Pulley from the Shaft Sleeve.
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WATER PUMP

8. INSPECTION AND REPAIR

Examine carefully all parts for excessive wear,
rust or scale and determine their serviceabil-
ity. Do not remove the shaft bushing or thrust
bushing unless it is necessary due to the runn-
ing clearance between the impeller shaft and
bushings exceeding .0025 - , 0035 inches. Driv-
ing out a bushing with a drift will damage it for
further use. They are sintered bronze bushings.

Inspect the impeller shaft for excessive wear or
grooving. Replace if necessary. H the pump
shaft sleeve needs replacing for any reason,
press it out of the pump body and replace with

a2 new one with bushings complete.

Remove the two lubricator fittings and clean

out the drilled passages thoroughly., Inspect
the front and rear bearings. If grooving is de-
tected, replace the bearing, Bearings to be re-
installed should be packed and wrapped until
needed for reassembly.
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Hlust. 14 - Tepping out the Rear Bearing and Seal.

9. REASSEMBLY
{Reference Numbers Refer to Illust. 8,)

1. Install the thrust bushing (3) and shaft bush-
ing (5) if they were removed but only if in prop~
er condition,

155-1035B  4-64

CAUTION: The bushings are sintered bronze
and should be pressed in with a suitable sleeve
driver in a press. (Refer to step 9 also.)
Driving them out generally renders them as
unfit for further use. New bushings, when in-
stalled, should be checked for proper running
clearance and reamed if necessary.

2. Install the front bearing (15) in the pulley
hub (12) (see Nlust. 15) until it bottoms in the
bore.

llust. 15 - Tapping the Front Bearing into the Pulley Hub,

3. Turn the pulley hub over and insert the bear-
ing spacer (14). Install the rear bearing (11}.
Press or tap in as in step 2 until it bottoms in
the bore.

4, Install the oil seal (10} in the pulley hub

(12) using a suitable seal driver, making sure
the lip of the seal faces toward the inside of the
hub. Tap the seal in until it is seated. (See
Nlust. 16.)

5. Place the felt washer (9) into the recess in
the front of the purnp body (7). ¥ a new felt
washer is being installed, soak it well in en-
gine oil before installing,

6. Flace the pulley hub (12) (with bearings
installed) over the shaft sleeve {4). (See Ilust.
13.)

NOTE: The shaft sleeve {4) should not be re-
moved from the pump body unless replacement
is necessary.
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WATER PUMP

fllust. 16 - Tapping the Oil Seal into the Bearing Retainer.

7. Press or tap the front oil seal (16) into the
bearing retainer (18) so that when the retainer

is assembled on the pump the lip of the seal

will be away from the bearing, Place the re-
tainer gasket (17) on the inner flange of the bear-
ing retainer (18}.

8, Slide the bearing lock sleeve (19) into the
oil seal in the retainer, inserting it from the

inner side of the seal (16). Install the retainer
over the shaft sleeve (4) and against the pulley
hub {12).

9, Slide the impeller with shaft (1) into the
pump. The shaft should turn freely. The run-
ning clearance on the impeller shaft in its bush-
ings is .0025 - ,0035 inch.

10. Place the bearing clamp nut (20) on the
shaft sleeve (4) and tighten securely.

11, Insert mew pump packing (6) into the shaft
sleeve (4}, making sure the beveled edges are
out on the two end pieces. Screw the packing

gland (21) in until it touches the packing. Fill
the hub with the correct lubricant.

With the pump back on the tractor and the cool-
ing system filled, tighten the packing gland
{using a spanner wrench) only enough to stop
any leaking, Startthe engine and check for
further leaking.

CAUTION: Do not over-tighten the packing
gland or the impeller shaft will be damaged.,
10. INSTALLATION

Install in the reverse order of removal as de-
scribed in paragraph 6.

THERMOSTAT

11. MAINTENANCE

The thermostat can be checked by removing it
and placing it in water. Place a thermometer
in the water and then start heating the water,
The thermostat should start to open at approx-
imately 165° F, and be wide open at 190° F.
(open approximately 3/8 inch), Replace the
thermostat if it does not operate within the
above range.

Legend
1, Thermeoestat 5. Water outlet
housing. elbow.
2. Seal. 6. Elbow gasket.
3. Thermostat. 7. Hose clamp.
4. Gasket. 8. Hoase.

7~
8 Q_gf'i' IPA-50620

ilust. 17 - Thermestat Housing and Components,
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THERMOSTAT

12. REMOVAL 1. Remove the hood and drain the coolant.

Z. Remove the cap screws which hold the inlet
pipe to the radiator and the cap screws which
secure the thermostat housing tu the water out-
let elbow.

13. INSTALLATION

l. Insert the thermostat into the water outlet
elbow with the bellows end down.

2. Apply sealer to the gasket surfaces of the
thermostat housing and the water outlet elbow
and install a new gasket,

3. Secure the thermostat housing with two cap
screws.

: 4, Using a new gasket, attach the inlet pipe to
Illust. 18 - Removing the Thermostat. the radiator.
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TIMING GEAR TRAIN, FRONT COVER AND CAMSHAFT-

Section 6

1. DESCRIPTION

A completely enclosed train of five helical
gears is mounted on the front end of the engine.
The gear on the crankshaft drives an idler gear
which, in turn, drives the camshaft gear and
the injection pump drive gear. The camshaft
drives the magneto gear. The camshaft and in-
jection pump drive gears turn at half the speed
of-the crankshaft, The magneto operates at

the same speed as the crankshaft. The gears
are all marked so the engine can be timed cor-
rectly whenever the injection pump, camshaft,
magneto drive gear or idler gear have been re-
moved. The idler gear teeth are punch marked
and they must mesh with the teeth on the crank-
shaft gears, injection pump gears and camshaft
gears so marked. The magneto drive gear and
camshaft gear teeth are marked with a center
punch, The back of the center punch marked
camshaft gear tooth is beveled to make it pos-
sible to install the magneto drive gear correctly
from the rear side of the front engine support
without removing the gear cover.

o tey Faes P

bk,

B s

IHust. 1 - Gear Train (In Time),

The camshaft is located in the crankcase on the
right side of the engine and it is held to the

Page 1

tust. 2 - Check[m_.:j_ Backlash of Gears.

crankcase by a thrust plate, The camshaft is
supported at intervals along its length by four
bushings, The bushings are removable and are
furnished for service reamed to size., The
bushings are a press fit in the crankcase,

The camshaft drives the engine lubricating oil
pump (all engines except the TD-9 (91), UD-
350 and UD-370) by the gear located approxi-
mately in the center of the shaft., The camshaft
has the main function of operating the intake and
exhaust valve mechanism by action of its lobes
upon the push rods during rotation. It is im-
portant to notice that the camshaft gear is twice
the size of the crankshaft gear which primarily
drives it. The camshaft, thetefore, rotates at
one-half the crankshaft speed due to the require-
ment to open and close the valves to each cylin-
der once for every two revolutions of the crank-
shaft,

The camshait bearings are pressure lubricated
and have o0il holes drilled in them. When the
bushings are installed, the oil holea must align
with the ones drilled in the crankcase. Slots in
the camshaft permit lubricating oil to travel to
the valve lever mechanism,

TIMING GEAR TRAIN AND FRONT COVER

2. REMOVAL

1. Remove the cotter from the front of the
crankshaft; then remove crankshaft nut {Illust,
3}).

2. Remove the fan drive pulley and vibration
damper from the crankshaft. To do this, posi-
tion service tool 1 020 077 R91 or a standard

(Contlnved on mext page.)



Section 6

TIMING GEAR TRAIN, FRONT COVER AND CAMSHAFT

N

Page 2

TIKING GEAR TRAIN AND FRONT COVER

2. REMOVYAL - Continved

Hlust. 3 - Removing Crankshaft Nut.

puller, in place on the pulley, (Refer to the
"Service Tools Manual,' 1SS-1002,) Then,

by turning the bolt inward which is a part of the
puller, the damper and pulley will slide off the
_crankshaft., (See Illust, 4.) )

3. Remove the front engine support.

4. At the front end of the oil pan, remove the
three cap screws which screw into the cover.

B8
@*&iiﬁ
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Ilust. 4 - Removing Fan Drive Polley.

155-1035B  4-64

On certain units, studs are used instead of cap
screws, Therefore, it will be necessary to
drop the front end of the oil pan far enough to
clear the studs in the front cover.

5, Remove the cap screws which hold the front
cover to the crankcase front plate and pry oif
the cover. {See Illust. 5.) The front cover
pasket will adhere to the cover. Remove the
fan drive pulley key from the crankshaft,

illust. 5- Removing Comshaft Gear with Puller.

6. Remove the cap screws which hold the
thrust washer to the idler gear shaft and re-
move the idler gear.

7. Rernove the nut and washer which hold the
magneto drive gear to the shaft and pull the gear
from the shaft,

8. Remove the nut and washer from the cam-
shaft and remove the camshaft gear. (See
Miust, 6.)

9. Remove the cap screws which held the in-
jection pump gear timing indicator and gear to
the hub and remove the gear and indicator.

10. Remove the Woodruff key from the crank-
shaft, slide oif the spacer and cil flinger and
pull off the crankshaft gear.

PRINTED IN UNITED STATES OF AMERICA
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Section 6

!

e

Illust. & - Removing Camshaft with Gear.

3. INSPECTION AND REPAIR

1. Clean-all parts thoroughly in dry-cleaning
solvent and dry them with compressed air,

2, Inspect all parts for wear and replace as
necessary, Refer to "SPECIFICATIONS'" in
Section 1 for the correct diameter of new idler
gear bushing. A new gear bushing, after being
pressed into the gear, requires reaming.

3. Inspect the oil seal in the front cover for
damage and replace if necessary., On engines
equipped with oil seals, pry out the oil seal and
drive in a new oil-scaked seal with the lips fac~-
ing inward,

4, For the dimensions on the magneto drive
shaft, refer to Section 12.

4. INSTALLATION

1, 1Install the camshaft gear and assemble the
magneto and drive assembly to the front plate.
Be sure that the punch marks match on the mag-
neto gear and the camshaft gear.

2, Install the injection pump gear into place
on the front plate, Assemble the injection pump

Page 3

TIMING GEAR TRAIN AND FRONT COVER

gear on the gear hub so the groove in the hub
and the groove in the hub surface of the gear
match. Place the timing indicator on the gear
with the pointer set at zero, Install the cap
screws and cap screw locks,

3. Install the crankshaft gear on the crankshaft
and slide the oil flinger and the spacer onto the
crankshaft,

IMPORTANT NOTE: When installing the crank-
shaft gear (especially in the field), extensive
damage can be caused if the gear is allowed to
become cocked on the crankshaft. This applies
to the straight bore crankshaft gears. It is
suggested to heat the gear, not in excess of
250° F., to facilitate assembly and reduce the
possibility of galling the inside bore of the gear.

4, Install the idler gear after all the other
gears have been installed. Coat the idler gear
shaft with engine oil; then slide the gear onto
the shaft. Match the camshaft gear, injection
pump gear and crankshaff gear so the punch
marks match with corresponding teeth.

5. Install the oil flinger and spacer on the
crankshaft,

6. Shellac a new gasket on the front cover;

then install the front cover and secure with cap
screws and dowels, If the oil pan was removed,
install the oil pan and fill with oil, If the oil
pan was not removed, install the front cap
screws and tighten those that were loosened.

7. Install the front engine support.

8. Install the Woodruff key into the crankshaft
and drive on the pulley. The fan drive pulley
should be seated firmly and fully upon the key.
Install the nut lock and nut. Install the crank
pin in the crankshaft and lock it with a set
screw,

9, Install the fan and the water pump. (See
Section 5.)

10, Install and tighten the fan belt,

11. Start the engine and check the timing of

the magneto or distributor, the valves and the
injection pump.
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CAMSHAFT
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A-23362
lust. 7 - Camshaft Components (§ Seties). 9 Series Similar.
5. REP;AOVAL ‘ 6. Remove the side cover and gasket from the

1. Remove the valve mechanism and valve
push rods, Identify the push rods so that they
can be returned to their original positions.
{Refer to Section 2.)

2, Remove the ignition distributor on engines
so fitted,

NOTE: If the engine is equipped with an engine
balancer, disregard Step 3,

3. Remove the crankcase oil pan and lubri-
cating oil pump., (Refer to Section 4.}

4, Remove the crankcase front cover and idler
gear. (Refer to Par. 2.)

5, Rotate the camshaft gear until the cap
screws which hold the thrust plate to the crank-
case can be removed through the holes in the
gear,

NOTE: Mark the tappets as to location in the
engine block, so that they can be returned to
their original position,

{llust. B - Removing Valve Tappets.

e
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right side of the engine. Remove the push rod
bracket and the tappets. Lift the valve tappets
from position, (Refer to Illust. 8,)

7. Pull the camshaft assembly from the crank-
case, (Refer to Illust, 6,)

6. DISASSEMBLY

1. Remove the nut and lock which holds the
gear-on the camshaft, (Refer to Illust. 6.}

2, Use a gear puller to pull the gear from the
shaft. The gear is keyed to the shaft,

3, Remove the key from the shaft and remove
the thrust plate,

Must. 9 - Checking Camshaft End Clearance.
7. INSPECTION AND REPAIR

1. Clean all parts in a cleaning solvent and
dry them with compressed air. As inspection.
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CAMSHAFT

of parts is completed, coat each part with clean
engine oil and store safely until reassembly.
Do not damage the journals and lobes of the
camshaft or the teeth of the gear.

2, Inspect the lobes for wear. Refer to "SPEC-
IFICATIONS AND TORQUE DATA" in Section 1
for cam lobe lift when new and for the maximum
permissible lobe wear. If the lifting areas of
the cam lobes, when compared with a new cam-
shaft, show excessive wear, the camshait must
be replaced. If a new camshaft is not available
for comparison, the cam lobe wear can be
measured with a micrometer in the following
manner (HDlust. 10}):

Take a reading across A-C and deduct the read-
ing B-D; this will give the lobe lift. When the
cam lobe wear limit has been reached, the
camshaft must then be replaced with a new one.

{PA-37182.A

Itlyst, 10 - Points of Measurement to Determine Cam Lobe Wear.

3, Inspect the teeth of the oil pump drive gear
integral with the camshaft. (Not TD-9 (91
series) UD-350, UD-370.) Replace the shaft
if necessary.

4. Inspect the drive gear and thrust plate for
wear due to lack of specified end clearance.
Replace parts if necessary.

5, The bushings should be inspected for wear
and, if replacement is necessary, remove the
flywheel and engine rear support. Remove the
expansion plug from the rear of the camshaft
bore. Drive it from position with a_long-bas-
through the camshaft bore of the crankcase
from the front end. Pull or press the bushings
from position,

6. Inspect the bore in the crankcase for burrs
and other roughness liable to damage the bush-
ings when installation takes place,

7. Inspect the valve push rods for wear. Re-
place if necessary.

8. Inspect the valve tappets. Replace any that
are scuffed, scored or cracked. K the tappet
face is badly chipped, extreme wear can be ex-
pected in the cam lobe and a new cams haft must
be installed.

8. REASSEMBLY"

1, Assemble the camshaft by installing the
thrust plate on the shaft. The countersunk side
must be toward the threaded end. Install the
camshaft gear key to the shaft.

2. Install the gear to the shaft with the timing
marks facing away from the shaft.

3, Install the nut lock and nut. Torqgue the nut
to the foot-pounds specified in "SPECIFICA-
TIONS!" in Section 1. Secure the nut with the
lock.

NOTE: Torque canbe applied to the nut after
installation of the camshaft in the engine if

this is easier; in which case, do not lock the

rut until later. When tightening the nut, place
a piece of clean clath between the teeth of the
cam gear and those meshing with it.

9. INSTALLATION

1. Install the camshaft rear bearing expansion
plug if bushings were removed, Use a sealing
compound on the plug and in the plug seat.

2. Install the flywheel and engine rear support.
(Refer to Section 7.) :

3. Install the camshaft assembly to its position
in the crankcase after coating it with SCL
(SULFO~CHLORO-1lead) heavy duty axel lubri-
cant.

4, Secure the thrust plate to the crankcase,
using the cap screws, through the holes in the
camshaft gear. Check the clearance between
the thrust plate and the gear against that listed
in "SPECIFICATIONS" in Section 1,

NOTE: The magneto and camshaft drive gears
must be assembled in a specific manner, The
magneto gear has a marked tooth and the cam-
shaft gear has two marked teeth, The marked

{Continuved on next page.)
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9. INSTALLATION - Continved

tooth on the former should mesh between the
two marked teeth on the camshaft gear. (Refer
to par. I and Illust. 1 for assembly details.)

5, Imstall the idler gear on the idler shaft.so
that the marks on the idler gear align with the
markings of the crankshaft gear.

6. Install the crankcase front cover.

7. Install the distributor and check the distri-
butor timing on engines so fitted. (Refer to
Section 13.)

155-10358  4-64

8. Install the valve tappets, push rod bracket,
gasket and cover. (Refer to Section 2,)

9, Install the valve mechanism. (Refer to
Section 2.)

10. Start the engine and check its operation.

NOTE: It is recommended that the engine be
run at 1000 rpm from three to five minutes
after assembly of the engine. At this rpm the
tappets {or valve lifters) are under light load,
thus initial lubrication at the tappets and tappet
bores will be assured.

11. Engine valves should have clearances as

specified in "SPECIFICATIONS" in Section 1.
Adjust if necessary as described in Section 2.
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CRANKSHAFT, MAIN BEARINGS AND FLYWHEEL

Section 7

1. DESCRIPTION

The crankshaft supports the connecting rods
and pistons along its length, The crankshaft
drive gear is located at the forward end. It
supplies the drive for the camshaft, injection
pump and magneto by means of the timing gear
train. Two types of crankshafts are used: the
straight throw type and the counterbalanced
crankshaft. Two seals, one at the front and
one at the rear, prevent leakage of engine lub-
ricating oil around ends of the crankshaft.

Bearing caps-are furnished with the crankcase
and these support the crankshaft in true align-
ment. Webs integral with the crankcase pro-
vide the upper half of the main bearing supports
and removable caps provide the lower support.
The caps are held in place with studs and cas-
tellated nuts., The nuts are torqued as speci~
fied in "SPECIFICATIONS" in Section 1 and
are locked in place with cotters after the cor-
rect tension is applied, The bearing caps are
not interchangeable and each has a number
stamped upon it which signifies its correct lo-
cation in the crankcase, Number 1 is at the
front of the engine, It is good practice to keep
the nuts identified so that they may be returned
to their original studs. This will make instal-
lation easier with reference to cotter hole
alignment in nuts and studs when the specified
torque and clearance is obtained.

The bearings are inserted between the crank-
shaft and the crankcase and between the crank-
shaft and the bearing caps. The center main
bearing is the thrust bearing and it has thrust
flanges. Some engines are equipped with the

old type six piece center bearing. When a six
plece bearing is to be replaced, it must be re-
placed with the two piece bearing, as the six
piece bearing is not serviceable. When replac-
ing the six piece bearing with the two piece bear-

Page 1

ing, the center main bearing cap and the crank-
case must be modified to provide the specified
fit. (Refer to par. 4.)

CAUTION: Be careful to assure perfect clean-
liness of the crankcase, crankshaft and bear-
ings after service has been completed. When-
ever possible, the crankshaft should be re-
moved when new bearings are being installed
in order to clean the crankcase thoroughly, All
bearing surfaces must be free of grit and burrs,
Small particles of dust and dirt left between the
crankshaft and bearings will cause rapid wear
and scoring of the crankshaft journal and insert.
Any foreign material left between the bearings
and the crankcase and bearing caps will cause
distortion of the bearing and a reduction in op-
erating bearing clearance, The frictional heat
thus produced will cause the hearing material
to melt away from the steel back of the bearing
at that point. Such melted material will create
further hot spots until complete bearing failure
takes place. Anything that interferes with the
operating clearance of any bearing or the prop-
er heat dissipation has its effect upon bearing
life, Cleanliness cannot be overstressed.

The flywheel is attached to the rear of the
crankshaft. Its purpose is to oppose and mod-
erate, by its inertia, any fluctuations in the
speed of the engine, It counteracts variable
torques during the stroke of the engine and pro-
vides a rotating balance weight that carries the
engine crankshaft over dead centers on the pis-
tons.

The flywheel is secured to the end of the crank-
shaft with bolts and locks. Dowels are provided
as an aid to installation. One bolt is offset in
order to prevent the flywheel installation in any
other position with regard to its balanced point.
The cranking motor drive ring gear is a shrink
fit and is replaceable, (See "Parts Catalog.")

CRANKSHAFT AND MAIN BEARINGS

2. REMOVAL

Crankshaft Bearings

1. Remove the oil pan and oil pump. (Refer to

Section 4,)

2, Remove the spark plugs and set the engine
controls for gasoline operation to lower the
compression ratio and to make it easier to
crank the engine,

3. Remove the dust seal, gasket, oil seal re-~
tainer plate with gasket and o0il seal retainer
felt plugs, located at the rear underside of the
crankcase,

4. Remove the crankshaft bearing caps by re-
moving the cotters from the nuts which secure
them. Tap the caps lightly with a soft metal
hammer or mallet if they tend to bind on the

(Continved on next page.)
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CRANKSHAFT AND MAIN BEARINGS -

2. REMOYAL - Continued
Crankshaft Bearings - Continued

studs, Remove thern squarely from the studs.
If the bearings are to be reassembled, be cer-
tain that they are identified as to their orig-
inal positions. Remove the lower bearing from
the caps. If the center main bearing is of the
f-piece type, remove the thrust washers also.
Wrap the pieces in a clean cloth and store until
reassembly,

%
g
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Illust. 1 - Removing Crankcase Front Plate.

NOTE: If the crankshaft is to be removed,
disregard steps 5 and 6.

5. Remove the upper bearing halves from be-
tween the crankshaft and the crankcase by us-
ing a thin piece of flexible soft metal to push
against the end of the bearing farthest from the
nib holding the bearing in the crankcase sup-
port.” At the same time turn the crankshaft in
the direction of rotation. The bearing will slide
easily from position (Illust. 2).

An alternate method of removing the upper
_halves of the bearings is to hammer the closed
end of a2 small cotter to form a '"T' and then
insert the prongs of the cotter into the oil hole
of the crankshaft journal with the flattened head

155-10358  4-64

just protruding. Rotate the crankshaft and the
cotter head will push the bearing from position,

6. With the 6-piece bearing, push the separ-
ate thrust washer upper halves from the crank-

case.

(llust. 2 - Removing Upper Half of Crankshaft Bearing.

Crankshaft
7. Remove the flywheel. (Refer to par. 6.)

8, Remove the engine rear support from the
crankcase.

9. R.eﬁi‘ayfe the crankshaft rear.upper and lower
oil seal retainers (Illust. 3).

NOTE: Later model engines in the TD-6, TD-
9, UD-350 and UD-370 diesel series, are
equipped with split crankshaft rear oil seals of
synthetic rubber and gray iron oil seal retain-
ers. The oil return groove on the crankshaft
has been eliminated. Whenever the service
package is used for older type crankshafts,
round the edges of the oil groove with a stone
8o that no sharp edges remain. This will in-
sure proper life of the seal after installation.
Fill the groove of the seal with grease before
assembling on the crankshaft.

5

10. Remove the front cover assembly. (Refer

to Section 6.)

11, Remove the connecting rod bearing caps -
and push the pistons and connecting rods to the \)

top of their travel.

FRINTED IN UNITED STATES OF AMERICA
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12, Lift the crankshaft out of the crankcase
(Ilust. 4).

SRR G ENL

lliust, 3 - Removing Crankshaft Rear Oil Seal Retainer.

‘Engine balancer;
. drive gear |

: ,'E! . N Cablet -

{llust. 4 - Lifting Crankshaft from Crankcase.

3. INSPECTION AND REPAIR

1. Clean all parts with cleaning solvent, dry
with compressed air and inspect the bearings
for wear and evidence of uneven bearing sup-

port. K such evidence is present, examine the
bearing caps and supporting surfaces of the
crankcase for high spots and burrs.

2, Inspect the crankshaft journals for scoring
and measure the diameter of each journal us-
ing a micrometer. Check the dimensions ob-
tained against those specified in "SPECIFICA-
TIONS'" in Section 1, Measure each journal
at two points, one at right angles to the other,
in order to show any tendency of out-of-round,
Move the micrometer over the entire width of
the journal.

3., Inspect the crankshaft gear teeth for wear
and chipping. If necessary to replace it, pull
the gear from position.

CAUTION: When installing the crankshaft gear
(especially in the field), extensive damage can
be caused if the gear is allowed to become
cocked on the crankshaft, This applies to the
straight bore crankshaft gears. It is suggest-
ed to heat the gear, not in excess of 250° I,

to facilitate assembly and reduce.the possibil-
ity of galling the inside bore of the gear.

4. Inspect the crankcase for sludge deposits,
especially in the corners, The crankcase
should be thoroughly cleaned and inspected.

5. Replace the front and rear seals with new.

6. Inspect the crankshaft ring gear for bro-
ken teeth or other damage. If necessary to
replace it, place the crankshaft in a lathe and
remove the four welds by a turning operation
or by using a small grinder and grinding off
the four welds. Whichever way is used, re-
move only the weld area as shown in Illust. 5.
{The depth is approximately 1/8 inch and 1/2
inch wide, )

NOTE: Removal of the gear can be facilitated
by an application of torch heat on the outer cir-
cumference of gear only.

7. When ready to install the new ring gear on
the crankshaft, heat the new ring gear to 200°
F. before assembly, being sure to assemble
with the chamfer teeth toward the front of the
crankshaft,

8. Weld the ring gear to the crankshaft at the
four places of the weld shown in the welding
diagram 1/2 inch wide, and be sure the weld
does not project above the finish surface of the
crankshaft, Refer to Hlust, 5 for detailed
diagram.
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4. INSTALLATION
Checking the Crankcase

Prior to crankshaft installation, check the
crankcase for trueness, using the crankshaft
as follows:

1. Wipe the bearing supports of the crankcase
free of oil with a lint-free clean cloth. The
crankcase should be bottom side up and levell
supported with blocks. ‘

2. Install the upper halves of the bearings to
the crankcase. If the original bearings are
being reinstalled, be sure that they go to the
positions from which they came. The nibs of
the bearings must fit into the notches in the
crankcase bearing supports.

3, Brush some blueing on the crankshaft main
journals and lower it carefully and evenly onto
the bearings. Do not install the bearing caps
and lower bearings,

Dow__ti\ @ jz
u

_I._
|

A-(—\
Weld 4 Places /2" Wide.

Heat the ring gear Weld must not project above
outer circuraferznce
to 200° F. before
assembly.

finished surface of crankshaft,
Use low hydrogen electrode to
prevent under weld cracking.)

4. Rotate the crankshaft back and forth through
approximately 1/2 revolution, Remove the
crankshaft evenly and inspect the upper bear-
ings for an even transfer of blueing from the
journals to the bearings. The bearings that do
not show an all-over even blueing should be re-
placed with new. It is advisable to replace all
bearings with new if one of the originally used
bearings has to be replaced. Bearings, crank-
shaft journals and the parts of the crankcase
supporting the upper bearing must be free from
oil when the test is carried out.

Installing the Crankshoft

1. When satisfied that the crankcase is in good
order, free from any distortion and free of any
burrs around the upper bearing seats, continue
to install the crankshaft., Clean all blueing
from the bearings and ¢rankshaft journals.
After coating the bearing surface only with a
small amount of clean engine oil, install the
upper bearing halves and thrust washers, In-
stall the crankshaft in place carefully.

/’J"_““‘-

45° Approx.

45° Approx.

)
30° Approx._’__‘_go Approx.

Section A-A

IPA.50638

Illust. § « Crankshaft Ring Gear Welding Diagram.

15510358  4-64
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CENTER MAIN BEARING Upper and
. . . lower bore Stamped
‘2, The 2-piece center main bearing consists concentric match

of the upper and lower halves, Some engines
are equipped with the old type 6-piece bear-

ings. The b-piece bearings are not serviceable.

When the 6é-piece bearing is to be replaced with
the 2-piece flanged type hearing, it will be nec-
essary to modify the crankcase and center main
bearing cap as follows;

Chamfer the edges of the crankcase upper
center main bearing seat as shown in Ilust. 6.
Also chamfer the front and rear edges of the
center main bearing cap. The amount of cham-
fer is 3/32 inch x 45 degrees.

NOTE: Be certain that no burrs or metal
particles remain on the parts if modified.

3. Install the lower main bearings and bear-
ing caps and torque the stud nuts to the amount
specified in Y"SPECIFICATIONS" in Section 1,
It is important that the identification number
stamped on the main bearing cap be installed
toward the camshaft side of the crankcase,

Do not install the cotters, as it is necessary to
check the clearance between the crankcase
journals and the main bearings using .015 inch
virgin lead wire or Plastigage, as described
below,

4. Pull the connecting rods down onto the
crankshaft, Be sure that the bearings are in
place. Install the connecting rod bearings and
bearing caps, being sure that in each case the
correct cap is located on its rod. Oil the bear-
ings with-clean engine ¢il. Torque the con-
necting rod stud nuts as specified in "SPECI-
FICATIONS" in Section 1.

COUNTERBALANCED CRANKSHAFTS

5. TD-9 (91 Series), UD-350 and UD-370
Power Units (See Illust. 6): Some oil seal re-
tainers have match marks stamped on the
outer edge for alignment purposes. When the
retainers are installed on the engine, these
marks must be aligned to assure concentricity
of the oil seal. If the retainers do not have
match marks, proceed as follows:

{a) Assemble the retainer halves off the
engine making sure the bores are con-
centric., With the retainers aligned,
starmnp a match mark with a cold chisel
{Illust., 6.) Separate the two retainers.

(b) Install the oil seals in the retainers,
then proceed with step 7.

mark

PA-78219

llust. & - Oil Seal Retainers Aligned Concentrically.

6., NOT 350 OR 370 SERIES ENGINES: Install-
the crankshaft rear oil seal upper and lower re-
tainers by placing new oil-soaked felts in the
upper and lower retainers. The new felts
should be assembled into the grooves of the
crankshaft rear oil seal retainer so that the .
same amount of felt extends above the split

line on each side, No pressing or trimming

of felts is necessary, {(Hlust. 3.)

Crankease

N a2t 1) gl
Chamfer here

%

Chamfer here

B-4886

ust. 7 ~ Crankcose and Center. Main Bearing Cap Medifying
Diagram. (To Fit Two Plece Flange Type Bearing in Place of
Six Plece Bearing.}

The modifying diagram (Illust. 7) can be used
in field replacement of a six piece center main
bearing by a two piece flanged bearing. Modify
the crankcase and center bearing cap as shown,
except in case these parts are already properly
chamfered, :

(Continued on next page.)
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4. INSTALLATION - Continuved

CRANKSHAFT AND MAIN BEARINGS

Instolling the Crankshaft - Continued

COUNTERBALANCED CRANKSHAFTS -

Continued

NOTE: Certain crankcases and center bearing
caps were originally chamfered 3/32 inch x
45 degrees and do not require modification be-
fore installing a two piece flanged bearing.

7.

Attach the upper and lower seal retainers to

the crankcase but do not tighten the retainer cap
screws until those which secure the two halves

of the retainer have been tightened.

‘gaskets between retainers,

© 8.
Acase,

(. over the retaining cap screws.

8.)

Use new

Install the rear engine support to the crank-
Install the flywheel and bend the locks
(Refer to par.

9, Check the end thrust present in the ¢rank=-
shaft by inserting a feeler gauge equal to the
amount specified in "SPECIFICATIONS! in

Section 1 and as shown in Illust., 8.

Should the

clearance present be less than the amount spec-
ified, remove the center main bearing and rub
off material evenly from the thrust washer sur-

face.

Should the clearance be more than speci-

fied, replace the center main bearing with a

new one.

10,
the lower bearing.

ing clean and oil the crankshaft journal,

Remove the center main bearing cap and

If virgin lead wire is to be
used to check bearing clearance, wipe the bear-

If

"Plastigage'' is to be used, wipe the bearing
surface and exposed half of the crankshaft
journal free of oil, as the plastic material is

soluable in oil.

ek

:
t

.
%
i
#
B
L7
&

%,_x@‘ﬁ-‘%&:
Ty

lifust, 8 - Checking End Clearance of Crankshaft.

Place a suitable length of , 015 virgin lead wire,
or a piece of "Plastigage' across the bearing

surface and install the bearing and cap.

Torque

the nuts or cap screws to specified torque {See

Engine” E - .All F - All .
Model A B C D Mal.n Crank .P:Ln
Bearings Bearings
TD-6, TD-6(61),
UD-264 and UD-
281-4 . . . . . .|3,7175-3,7185(3.2175-3,2185(2.261-2,263|15,177-15,197{,150-.165 [.110-,130
TD-9, TD-9{91),
UD-350, UD-370
Counterbalanced |(4.0925-4,0935|2.7175~2.7185|2,.763-2.765/16,927-16,949|.150-,165[.110-,130
Non-counterbal. {4,0925-4,0935(3.5925-3,5935(2.761-2.763|16.933216,953|,150-,165|.110-,130

I188-1035B  4-64
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"SPECIFICATIONS'" in Section 1), Then remove
the nuts or cap screws and bearing cap. If
virgin lead wire was used, carefully remove
the lead wire which will have been crushed to
the amount of ¢learance present, Measure the
wire using a micrometer., I "Plastigage' was
used, the flattened piece of plastic will be found
adhering to either the bearing or crankshaft.
DO NOT REMOVE THE PLASTIGAGE! To de-
termine the bearing clearance, compare the
width of the flattened plastic at its widest point
with the graduations on the envelope. The num-
bers within these graduations indicate the
clearance in thousands of an inch, H the crank-
shaft, bearings and crankcase are in good con-
dition, the measurement taken should fall with-
in the specified clearance given in '""SPECIFI-
CATIONS" in Section 1, Should the clearance
obtained be more or less than the specified
amount, replace the bearing with a new one,
Should the clearance remain excessive, it may
be necessary to grind the crankshaft and install
undersize bearings for the ground crankshaft.
(Refer to parts catalog and Ilust. 9.)

Bearings are available in ., 002 inch, ,01l0 inch,
.020 inch, and ,030 inch undersize. A chart
following Ilust. 8 shows the maximum dimen-
sions to which the crankshaft journals may be
ground. DO NOT GRIND BEYOND THESE
LIMITS., If the results obtained were within

the specified amount, add clean engine cil to
the bearing and install the center main bearing
cap. Torque the nuts to the amount specified
and install the cotters,

NOTE: DO NOT TURN THE CRANKSHAFT
DURING THE FREVIOUS PROCEDURE,

11, Continue checking the other main bearings
in the same manner, Check the rear main next,
followed by the front main and then the inter-
mediates.

12, Install the rear oil seal retainer plate gas-
ket, felt plugs and plate to the rear of the crank-
case, Attachthe dust seal and gasket to the
retainer plate and rear engine support (Hlust. 3},

13, Install the crankcase front cover. (Refer
to Section 6,) Check to be sure that timing
gears line up properly.

14, Install the oil pump and oil pan. (Refer to
Section 4, )

15. Add clean engine oil of the specified grade
to the crankcase, Check the water and start the
engine. Observe the engine oil pressure and the
engine operating temperature. During engine-
run-in periods, after service has been completed
for the replacement of main bearings and crank-
gshaft, it is advisable to give the engine an initial
run of five hours under light load. At the end of
this short run-in period, drain the oil while the
engine is hot. Inspect and, if necessary, re-
place the oil filter elements, Then refill with
oil as specified in the operator's manual., This
procedure will shorten the period for complete
run-in of new parts,

Grinding Limits—
Maximum allowable taper on crankpins and
journals .00015 per inch of length, Crankpins
and journals must be polished, and must not
be over .0005 out of round.

le—B —>»]

Radii F
7 Radit E
IH T “ dEE
- -t

T TR
IR

l—C

- D >

IPA-50252

{llust, 9 - Limits for .030 Inch Undersize Crankshaft.
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5. CRANKSHAFT BEARING CAPS (TD-5, 6 (61),
UD-264 ond UD-281-4 ONL.Y ) .

Crankshaft main bearing caps are rough ma-
‘chined and line reamed while fitted to the crank-
case, This results in each cap being fitted only
for its respective position. Therefore, a main
bearing cap furnished as a regular service part
needs line reaming to fit the particular bore
where it is intended to mate.

Accidents do occur occasionally and in many
cases it is undersirable to scrap a crankcase
if only the bearing cap needs replacement. A
main bearing cap, machined in the rough for
such emergency cases, is available and can be
obtained as specified in the parts catalog.
However, it is necessary to have facilities
available to line ream the bore for the finish-
ing operation. Refer to "SPECIFICATIONS"
Section 1 for dimensions of main bearing bore
in crankcase.

6. FITTING CRANKSHAFT BEARING CAPS (Machine Methad)
{For TD-9, 9 (91), UD-350 and UD-370)

Replacement main bearing caps of nodular iron
are available for service. The bore of these '
caps is finish machined, which eliminates the
need of line boring after installation., However,
the face and sides of the caps must be meodified
to the dimensions of the old cap to assure a
perfect fit in the crankcase. Enough material
has been left on the face and sides of the caps
to allow for this modification. Following are
detailed instructions for modifying the caps.

1. Place a drill rod or new drill of any size
from 1/4 to 1/2 inch in the bore of the old caps.
Measure the distance from the face of the cap
to the drill rod or shank of the drill with a
depth gauge (Iilust.10), and record the reading.

Measure the diameter of the drill rod or drill
shank with a micrometer and add this reading
to the one taken with the depth gauge. This
will be dimension "E. !

155-1035B  4-64

{ilyst. 10 - Measuring Dimension "E.*'

2. Mill or grind surface "D' (Illust. 10)of the
new cap to dimension "E'" plus , 002 inch.

NOTE: ,002 inch is added to dimension "E' to
allow enough stock for a finish cut on surface

"D after the cap and bearing have been fitted

to the crankcase.

NOTE: The bearing cap must be located on its
machined side when milling or grinding surface
"D to hold squareness.

3. Clamp the old bearing cap to a surface plate.

4, Place a drill rod or new drill of any size
from 1/4 to 1/2 inch on the inside of the cap
{against notched side)., Measure dimension
"A" with 2 micrometer as shown in Nlust. 11
and record the reading.

5. Measure dimension "A" of the new cap in
the same manner and record the reading.

6. Subtract dimension "A' of the old cap from
dimension "A" of the new cap and record the
difference. Mill or grind this amount from
surface "C' {Illust. 12) of the new cap, Dimen-
sion "A'" of both caps will now be equal.

NOTE: Surface "C' must be held square with
surface "D" (Illust., 10} and parallel to the
bearing bore.

PRINTED IN UNITED STATES OF AMERICA
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7. Mill or grind surface "B" (Illust. 12) of the
new cap until the dimension "F' or 7.125-

7.126 inch, shown from surface "C'" to "B" in
Olust, 12 is ohtained.

% A-. g 1
Fbki el

Illust. 11= Measuring Dimension *'A."’

NOTE: Surface "B'" must be held square with
surface ""D" and parallel to the bearing bore,

odular iron -
dentification ¢,
~marking

Illust. 12 .- Bearing Cap Finish Length.

Obtaining Finish Dimension *'E'* with Yirgin Lead

8. Install a new bearing in the new bearing
cap. Place alength of virgin lead or Plasti-
gage across the bearing (Ilust. 13),

9, Install the new bearing and bearing cap and
tighten to the torque specified in "SPECIFICA-~
TIONS" in Section 1.

10, Remove the bearing cap and measure the
virgin lead with a micrometer and record the
reading. If Plastigage was used, follow in-
structions outlined in par. 4, "INSTALLATION"
and record the reading,

11, Measure the diameter of the crankshaft
journal and record this reading. If it is less
than the main bearing journal size given in
"SPECIFICATIONS' in Section 1 for new crank-
shafts, subtract the difference from the virgin
lead or Plastigage reading.

12, Subtract the bearing running clearance
as given in "SPECIFICATIONS" in Section 1,
from the measurement obtained in step 11.
Mill or grind this amount from surface "D"
of the new bearing cap.

NOTE: Surface "D'" must be held square with
the bearing cap bore.

13, Recheck the bearing running clearance
with virgin lead or Plastigage. The correct
clearance igs given in "SPECIFICATIONS",

Section 1.

Plastigagc or Virgin lead

bearing

IPA-52153 B

litust, 13 « Position of Virgin Lead.
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7. FITTING CRANKSHAFT BEARING CAPS (Hand Method)

In the absence of machining or grinding facili-
ties, nodular iron crankshaft bearing caps can
be fitted satisfactorily using materials com-
monly available in the field as follows:

1. Place the new and old bearing cap in a vise.
Surface "D (Illust,l0) must be level so the
drill rod is in the center of the bearing cap.

2. Place a drill rod or new drill of any size
from 1/4 to 1/2 inch in the bore of the new and
old caps. Measure the distance from the face
of the cap to the drill rod or shank of the drill
with a depth gauge (Starrett 440-D is shown in
Nlust.10), or any similar depth gauge and re-
cord the reading.

g g g

o
Xy EE
”',’5‘ ,:z@,g “@éw .

b

oS
LES

1
e plate

e . Ira-s26668

ltlust, 14 - Qiling Surface Plate.

- Emery cloth

”

| IPas267A |

lust, 15 - Qiling Emery Cloth.

155-1035B  4-64
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Measure the diameter of the drill rod or drill
shank with a micrometer and add this reading
to the one taken with the depth gauge. This
will be dimension "E" (Illust.10).

3. To remove stock from surface "D" quickly
and accurately use a smooth metal or glass
surface plate, extra coarse emery cloth (No.
430 grit) and heavy duty engine oil.

4, 0il the surface of the plate (Illust. 14} to
keep the emery cloth from wrinkling and sliding.

PA-52668 A

‘Emery cloth  Surface plate
Hivst, 16 - Working Surface “D."’
5. 0©il the emery cloth (Illust. 15) to speed

cutting and to carry cuttings away from the
face of the bearing cap. ('"Rule of thumb" for

cutting speed is .00l inch per 100 strokes. )

‘Bearing cap.
- IPA-52669A |

Hlust, 17 - Removing High Spots.

FHRINTED IN UNITED STATES OF AMERICA
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&é. Place the bearing cap on the emery cloth
and with hand pressure, move the cap back and
forth (Ilust. 16). Turn the cap after every 50
strokes to equalize the cutting width of surface
HD- 1t

7. With a fine file or fine emery cloth, remove
the slight high spot immediately around the
holes of the bearing cap (Illust. 17). (Usually
about , 0005 inch.)

8. Clamp the old bearing cap to a surface
plate.

Bearing cap

“C" clamps

Angle iron

Surface plate
1PA-52670 A

uyst. 18 . Working Surface *“B** and “*C."”

9. Place a drill rod or new drill of any size
from 1/4 to 1/2 inch on the inside of the old cap
(against notched side). Measure dimension "A"
with a micrometer as shown in Illust, 11 and
record the reading.

10. Measure dimension "A" of the new cap in
the same manner and record the reading.

11, Subtract dimension "A'" of the old cap from
dimension "A" of the new cap and record the
difference.

12, Clamp an angle iron to the surface plate,
then clamp a file to the angle iron (Illust. 18).

13, File from surface "C" (Illust. 12) of the
new cap. Dimension "A' of the new and old
caps will now be equal.

NOTE: Surface "C'" must be held square with
surface ''D" and parallel to the bearing bore.

14. File surface "BY (Illust. 12) of the new
cap until the dimension "F" (7.125-7, 126)"
shown from surface "C' to "B" in Ilust. 12,
is obtained. Refer to "SPECIFICATIONS" in
Section 1 for dimension "F'',

NOTE: Surface '"B' must be held square with
surface ""D" and parallel to the bearing bore.

15. Install a new bearing in the new bearing
cap. Place a length of virgin lead wire or Plas-
tigage (Illust, 13) in the usual way in bottom of
bearing.

16. Install the new bearing and bearing cap
and tighten the nut to specified torque as given
in "SPECIFICATIONS" in Section 1.

17. Remove the bearing cap and measure the
virgin lead or Plastigage.

This measurement must be within limits as’
given in "SPECIFICATIONS," Section 1. I

this measurement has not been obtained, repeat
steps 6 and 7. '



Section 7

CRANKSHAFT, HAIN BEARINGS AND FLYWHEEL

74

N

s

V22

Page 12

FLYWHEEL

8. REMOYAL

l, Bend back the locks from the bolt heads
which hold the flywheel to the crankshaft and
remove the bolts and locks,

2, Insert two cap screws into the tapped holes
in the flywheel. Then tighten the cap screws

evenly until the flywheel has been pulled from
the crankshaft (Ulust, 19,)

liust, 19 - Removing Flywheel from Cranksha#t,

9. INSPECTION AND REPAIR

1. Wash the flywheel and ring gear in dry-
cleaning solvent.

2. Inspect the contact face on the flywheel for
heat checks and scoring. If it is not in service-
able condition, replace the flywheel, Drive the
dowel pins flush with the face of the flywheel.

3. Inspect the ring gear for broken teeth and
replace the ring gear if necessary. To remove
the ring gear from the flywheel, either heat the
gear with a torch {to expand it) then driving it
from the flywheel, or drive the ring gear off
the flywheel by using a hammer and punch
around the outer edges of the gear.

4. Install a new ring gear by first heating the
gear to expand it and then placing it onto the
flywheel while the ring gear is hot. The
chamfered edge of the gear teeth must be to-
ward the edge of the flywheel,

155.1035B  4-64
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5. Remove the pilot bearing from the flywheel.
Clean the bearing in dry-cleaning solvent and
inspect it for wear and damage, If in service-
able condition, lubricate the bearing with
engine lubricating oil and install it into the fly-
wheel, I the bearing has had considerable
service, it must be replaced,

Replacing the Flywheel Housing

When replacing the flywheel housing, it is sug-
gested that the flywheel bore and face he
checked relative to the crankshaft to establish
proper alignment between the engine, clutch
and/or converter., Misalignment between the
flywheel housing and engine will cause corre-
sponding misalignment of the clutch and trans-
mission, resulting in damage to the clutch
plates or pilot bearing and transmission main
drive gear or main drive gear pilot bearing.
The dowel pins between the crankcase and fly-
wheel housing are for the purpose of maintain-
ing this alignment, once the flywheel is mount-
ed within tolerances,

%

NOTE: The mating surfaces of the crankcase
and housing must be inspected and free from
foreign material, burrs, ridges from nicks,
thread pullout, etc. These surfaces mist be
flat and without assembly projections within
the assembly area. Failure to clean mating
surfaces will result in excessive face run-out,

6. Place the flywheel housing over the two fly-
wheel housing-to-crankcase dowels and tap into
place with a soft hammer.

7. Install the bolts and lock washers and
secure the housing,

8. Check the concentricity of the housing bore
and the squareness of the face with the crank-
shaft as described below. {(See "SPECIFICA-
TIONS", Section 1 for the proper tolerances. )
I the concentricity is not within specifications,
remove the housing and continue with the next
step.

9. Remove the dowels from the crankcase,

10, Assemble the housing to the crankcase.
Do not tighten the bolts to full torque. Just run
the bolts down snug for housing adjustment.

1. DPosition the housing to meet the toler-
ances given in "SPECIFICATIONS' in Section 1.

12. Tighten all the bolts to full torque. Re-
check the flange tolerances and reposition the
housing if necessary. E

PRINTED IN UNITED STATES OF AMERICA



®

'

CRANKSHAFT, MAIN BEARINGS AND FLYWHEEL

Section 7

Page 13

FLYWHEEL

13, Ream the dowel holes for oversize dowels
and install oversize dowels.

Checking Flywheel Housing Foce Runsout.

To check the run-out of the flywheel housing
face, attach a dial indicator to the crankshaft
flange placing the indicator pointer against the
flywheel housing face, Remove crankshaft
tend-play" and note reading. Check at four
points 90 degrees apart for total face variationd

Keep crankshaft "end-play" at zero in the same

direction for all readings. (Refer to Illust.
20.) For allowable housing face run-out tol-
erance refer to "SPECIFICATIONS', Section 1.

Ilust. 20 « Checking Run-out Of Flywheél Housing Face in
Relation To The Axis Of The Crankshaft.

Checking Flywheel Housing Bore Concentricity

To check the concentricity of the flywheel bore
relative to the crankshaft axis, attach a dial
indicator to the crankshaft placing the indica-
tor pointer against the flywheel housing bore
as shown in Illust. 21. Rotate the crankshaft
slowly and note total indicator reading varia-
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tion. For allowable housing bore concentri-
city tolerance refer to "SPECIFICATIONS",
Section 1. '

Ulyst. 21 - Checkiné the Concentricity of The Flywheel Housing
Bote in Relation To The Axis Of The Crankshaft. .

10. INSTALLATION

1. Place the flywheel in position on the crank-
shaft flange so that the bolt and dowel pin holes
line up.

2. Place the bolt locks on the bolts and install
them ‘in the flywheel and crankshaft flange. Do
not tighten the bolts.

3, Drive the two dowel pins into place and tor-
que the bolts to the specifications given in
NSPECIFICATIONS,!" in Section 1, Lock the
bolts.

4, Lubricate and install the pilot bearing.,

PRINTED 1IN UNITED STATES OF AMERICA
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1. DESCRIPTION

The starting mechanism consists of the parts
which change the engine from gasocline to
diesel or from diesel to gasoline operation,
The starting mechanism cross shaft passes
through the crankcase. This shait is con-
nected on the left side of the crankcase to the
compression release lever and on the right
side to the rods which operate the starting
valve shaft, the carburetor fuel shut-off cam
and the ignition system grounding switch.

The engine is temporarily converted into a
gasoline engine during the starting process and,
after operating for approximately 1 to 3 min-
utes, is switched to diesel operation. This
method is positive regardless of weather con-
ditions or temperature. When the starting
lever is placed in the gasoline starting position,
the following four operations are accomplished;

1. The starting valves in the cylinder head are
opened, thus enlarging the combustion cham-
bers and reducing the compression ratio to that
of a gasoline engine.

2, The diesel air passage from the air cleaner
to the intake ports is closed and the carburetor
outlet passage above the carburetor is opened.
This permits air to pass from the air cleaner
into the carburetor and the flow of a mixture

of air and gascline into the cylinders.

COMPRESSION RELEASE MECHANISM

Section 8
Page 1

3. The shut-off valve in the fuel bowl is re-
leased, permitting the needle valve to be act~
uated by the float,

4, The magneto or distributor is placed into
operation by closing the primary circuit in the
manifold, thus permitting a flow of current to
the spark plugs.

2. REMOVAL

For removal of the starting valve shaft, the
starting valve operating shaft and the starting
valves, refer to Section 2,

Remove the cross shaft as follows:
(Refer to Section

1. Remove the carburetor.
10,)

2. Remove the compression release rod ad-
justing block from the operating lever {1,
Hlust. 1).

3. Remove the pin (2) from the operating lever
and remove the lever from the shaft (5).

4, On the opposite side of the engine, remove
spring (6) from the stud in the crankcase and
the cross shaft jaw (8).

{Continued on next page.)

17 18 19 20 A-13937
Wlust. 1- Exploded Yiew of Starting Mechanism.
1. Lever. 6. Spring. 11. Yoke. 15, Spring. 18, PFin.
2. Pin. 7. Lever. 12. Red. 16, Pin. 19. Latech.
3, Bracket. 8. Jaw, 13, Link. 17. Bracket. 20. Pin.
5. Shaft. 9. Pin.

Pin. 14,
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2. REMOVAL - Continued

5. Disconnect the yoke at the lower end of rod
(12) from the jaw. Slide the shaft with jaw
lever (7) out of the crankcase,

6. Take out latch pin {20), remove the spring
{15} and remove the latch (19}.

7. Remove the nut from the stud in the crank-
case which holds latch bracket (17) to the
crankcase and remove the bracket.

3. INSPECTION AND REPAIR

Clean all parts thoroughly with dry-cleaning
solvent and dry them with compressed air.

If any parts show wear to the extent that the
latches and jaws will not hold, replace the
worn parts. The cross shaft rotates in two
bushings in the crankcase. Do not disturb the
set screws unless the part in which they are
located must be replaced.

4. INSTALLATION

1. Install the cross shaft (5, Olust. 1) through
the crankcase,
be packed with a good high melting peint short-
fibre or wheel bearing grease, Ordinary

greases will run out at high operating tempera-

tures, producing oil spots on the side of the
crankcase which collect dirt.

2. Ianstall the latch bracket (17) in the right
side of the crankcase,

3, Imstall the latch (19) to the bracket with
the latch bolt {20).

4. Install the spring {15) on the pins in the
bracket and latch,

5. Install the jaw lever (7) and the jaw (8) on
the shaft (5) through the crankcase and install
the operating lever (1).

6, Connect the lever to the compression re-
lease rod adjusting block.

7. Connect the operating rod lower yoke (12)
in the jaw (8) and spring (6) to the jaw and stud
in the crankcase.

8, Install the carburetor. (Refer to Section
10.)

9. Adjust the compression release mechan~
ism, (Refer to par. 5.)
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The cross shaft assembly must

5. ADJUSTMENT

NOTE: Before the following adjusiments are
made, the engine must be completely reas-
sembled except for the intake and exhaust mani-
folds., All parts must be lubricated,

1. Adjust the compression release operating -
rod to give a distance of 6-7/16 inches be-
tween the pin hole centers on the TD-6, TD-6
{61), UD-264 and UD-281 series engines or
6-29/32 inches on the TD-9, TD-9 (91), UD-
350 and UD-370 series engines (Illust. 2).

IMlust. 2 - Adjusting Operating Red.

2. Adjust the cross shaft and bracket to ob-
tain . 030 inch end play measured between the
cross shaft compression release lever and the
cross shaft bracket, Loosen the adjusting nuts
of the operating lever, the cross shaft jaw lever
and move the shaft to the correct position. Lock
the nuts and recheck the clearance {Illust. 3).

C

3. Back off the adjusting screw on the cross
shaft latch bracket, the adjusting screw on the
cross shaft jaw and the adjusting screw on the
cross shaft bracket (Tllust. 4).

4, Adjust the screw in the cross shaft latch
bracket to obtain . 060 inch clearance between
the cross shaft latch lever and the cross shaft
jaw {lllust. 4)., Lock the nut and recheck the
clearance.
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S
1llust. § - Checking and Adjusting Clearance between Set Screw
in Cross Shaft Jaw and Latch Bracket.
shaft bracket to obtain , 100 inch clearance be-
{llust. 3 - Checking and Adjusting Cross Shaft End Play. tween the screw and the cross shaft operating
lever. (See Hlust. 6.) Lock the nuts and re-
/-\ 5, Turn the cross shaft compression release check to be certain that clearances have been
) lever clockwise until the pick-up faces on the maintained.
N cross shaft jaw and the cross shaft jaw lever
are contacting. Adjust the screw in the cross 6., Turn the cross shaft compression release

lever clockwise until the cross shaft latch

(Continued on next page.)

PAZ50643 )8

llust. 4 - Checking and Adjusting Clearance between Cross Mlust. & - Checking and Adjusting Clearance between Cross
Shaft Latch and Cross Shaft Jaw. Shaft Release Lever and Cross Shaft Bracket Set Screw.
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5. ADJUSTMENT - Continued

locks in place on the cross shaft jaw. The con-
trols are now in the gasoline starting position.

7. With controls in gasoline position, increase
the length of the operating rod by turning the
rod end to the left, one-half turn at a time, un-
til the closest fitting of the starting valve covers
has an additional travel of approximately 1/64
inch before bottoming in the cylinder head
{Lllust 2)., After each half turn, check all the
valve covers by applying pressure on the top
with a screwdriver as shown in Illust., 7. In
this way, determine which cover has the least
amount of travel, Lock the yoke when adjust-
ments have been made. Install the cotters to
the rod.

8. Adjust the set screw in the jaw to obtain a
clearance of .015 inch measured between the
adjusting screw and the stop on the cross shaft
latch bracket. Lock the nut and recheck the
clearance (Illust. 5}.

9. Trip the controls to the diesel position by
turning the release lever to the left. In this
position, check to determine that there is
clearance between the starting valve shafi
arms and the starting valve covers,

IMPORTANT: With the above adjustments
made and with the controls in the gascline posi-
tion, each starting valve cover will have a
slight additional travel before bottoming in the
cylinder head. This check can be made with a
screwdriver, K the check shows no travel, the
controls must be rechecked to locate possible
errors.

10, Install the link between the carburetor and
the release lever (Mlust. 4}, Install the mani-

155-1035B  4-64

s .

YT
b g

il
é@g’%@, i

lllust. 7 - Checking Starting Yalve Cover Travel.

fold assemblies. Trip and latch the mechan-
ism a few times to check that adjustments are

"holding correctly,

NOTE: The butterfly valves in the intake mani-
fold must be set in a horizontal position by ad-
justment of the set screws before the manifold
is assembled to the engine. This adjustment
must not be altered later. The valves must fit
the manifold with , 0015 inch maximum clear-
ance, using a feeler gauge 1/8 inch wide.
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POWER UNITS

1. DESCRIPTION
Friction Disc Type

The governor speed control is a separate unit
attached to the flywheel housing or, on some
power units, to the rear hood sheet. This

type consists of friction discs separated by a
stationary plate that serves also as the mount-
ing bracket. The discs are sandwiched be-
tween the control body to which is attached the
control lever, The body has a projecting apron
with an adjusting set screw at each end, These
screws contact and limit movement of the con-
trol lever., (See Illust. 2.)

2. REMOVAL
Friction Disc Type(See Illust, 1.}

1. Disconnect the control rod {14) fxom the
governor control body (4).

2. Remove the control lever bracket (3} from

the flywheel housing and lift off the governor
control lever (13).

13<

3. Remove the governor control rod (14).
Remove the cotter and yoke pin {18) securing
the governor control rod to the governor con-
¢rol lever; then remove the governor control
lever.

3. DISASSEMBLY
Friction Disc Type (See Illust. 1,)

1. Remove the spring tension nut from the
governor control lever stud (2), thus releasing

" the spring retainer (12). Remove the spring

{(11), spring cup (10), lower friction disc {8),
bracket (9) and upper friction disc (8) from
the control body (4).

2. Scratch a mark on the edges of the control
lever and the control body for a guide when
reassembling.

3, Remove the cap screws, with lock washers,
from the top of the control lever, thereby sep-
arating it from the body.

(Centinved on next page.)

IPA-33432

Illust. 1 - Exploded View of the Governor Control (Frietion Disc Type).

1. Governor control lever. 8. Friction disc, 14, Control rod,
2. Stud. 9. Bracket. complete,
3, Pin. 10. Cup. 15, Rod, rear.
4, Body. : 11. Friction spring. 16, Rear spring.
5. Poppet spring. 12, Retainer. 17. Reoed, front.
6. Poppet. 13. Control lever, 18. Yoke pin.

7. Drive Pin, _complete, 19. Rod yoke.



Section 9

GOYERNOR CONTROL

&

Page 2

POWER UNITS

3. DISASSEMBLY - Continved

Friction Dise Type - Continued
(See Ilust 1,)

4. The control rod pin (3) is a press fit in the
control body.

4. INSPECTION AND REPAIR

Inspect the condition of all parts and replace
all parts that are not serviceable,

5. REASSEMBLY
Frictlon Disc Type (See Illust, 1.)

1. Position the control lever {1} on the con-
trol body {4) and line up the scratch marks
which were made before disassembly.

2, Insert three cap screws, with lock washers,
through the top of the control lever and secure
it in place.

3. With the flange side of spring cup {10} on
a flat surface, place a friction disc (8) over
the cup end; then add the control bracket (9)
and add another friction disc {8} on top.

4, Place the spring cup, with discs and
bracket, over the control lever stud and into
the recess in the control body.

5. Place the friction spring (11) over the
control lever stud (2); then add the spring
retainer (12} and secure with a nut.

6. Tighten the nut to 10 foot-pounds torque
for tHe proper friction tension of the control
lever,

&. INSTALLATION
Friction Disc Type (See Illust. 1.}

1. Attach the complete governor control lever
to the flywheel housing.

2, Attach the control rod (14) to the control
body (4},

3. Attach the front rod (19) to the control
lever on the pump with a pin (20) and cotter
pin.
Control bracket
(stationary disc)

Shut-off stop screw

wlf}

Control lever

Coatrol body

Full load position
stop screw

Control lever

Spring cup
drive pin

AL NN
g

O,

P77

[
;\\\>\ A=t ’\ i
X wwzsrrfl /:.é[. 'K{(j\f\ R

T

Spring cup

Friction disc
Conlrol bracket

(stationary disc) IPA-13049A

Tension nut

liust, 2 - Governor Friction Control.

TRACTORS

7. DESCRIPTION

On 6 and 9 series diesel crawler tractors,

two types of governor controls have been used,
Early tractors were equipped with friction

disc type and later models with ratchet lever
type. The purpose of both types is to hold the
governor control lever at any selected position,

Friction Disc Type

The friction unit is attached to the control
lever "L" (Illugt. 4), which turns freely on

the cross shaft. Lever "L' has two arms; one
arm is connected to the governor control lever
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"K' {Illust. 5) and the other arm is connected
to the speed control. The shape of lever "L
is such that it will contact "D, " which is con-~
nected to the compression release lever, if the
throttle is opened while the engine is operating
on gasoline, This is a reminder to trip the
compression release léver to the diesel cycle
before opening the throttle.

Ratchet Lever Type

This type is a vertically moving lever riding

in a ratchet bracket mounted to the dash. (See
Tllust. 3.) It is connected to the speed control
lever on the fuel injection pump by two rods and

PRINTED IN UNITED STATES OF AMERICA
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TRACTORS

PA-50649

lllust. 3 - Exploded View of Governor Ratchet Type Control.

Rod spring. 7. Rod, rear, 11. Hand lever spring.
L. Trunnion. 7A. Shield, heat. 12, Hand lever pin.
3. Rod, front. 8. Hand lever shaft. 13. Hand lever pawl.
4. Bellcrank pin. 9. Ratchet. 14, Hand lever.
5. Bellerank support. 10, Hand lever hub. 15. Hand lever ball.
6. Bellcrank,

a bellcrank. By raising or lowering the hand
lever, the speed of the engine may be controlled
under varying loads. Low and high idle ad-
justments are made at the pump.

8. REMOVAL
Friction Dise Type {See Illust. 4.)

Two independent friction discs sandwich a
stationary disc that is anchored to the side of
the engine crankcase. By removing the taper
pin from lever WD, the cotter keys from lever
N1t and the three cap screws from bracket
nT, " the entire assembly can be removed for
adjustment to the tension desired to hold the
throttle at the positions selected.

Ratchet Lever Type(See Illust. 3.}

NOTE: Removing the ratchet control assembly,
will result in complete disassembly. Proceed
as follows:

1. Disconnect the rod trunnion {2) by removing
the pin and cotter {not shown) from the injec-
tion pump speed control lever,

2. Remove the clevis pin from the bellcrank
{(6) and the front rod will come out. Remove

the upper and lower clevis pins from the rear
rod (7} and remove the rod,

3. To remove the control lever (14), it will

be necessary to take out the four cap screws

which secure the ratchet (9) to the dash.

NOTE: Late model 61 and 91 series tractors
are equipped with a heat shield (7A), which
will have to be removed to complete steps 2
and 3.

R \'\\\\\\\Q
A

ZSlolsle

NN
L_J

PIN DRIVING
INNER RETAINER

RETAINER STATIONARY DISC

1

|

k== |

TRUNION ———]
|

IPA-2491

I{ust. 4 - Cross Section of Governor Friction Control.
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TRACTORS

8. REMOVAL - Continued

Friction Dise Type - Continued
{See Illust. 4.)

4. Remove the hand lever shaft (8) by un-
screwing the jam nut and washer (not shown).
Take out the hand lever pin {12) and remove
the hand lever {14) and spring {(11) from the
hand lever hub (10}.

5, The bellecrank (6) can be removed by tak-
ing out the bellcrank pin {4). The support {5)
is secured to the dash with four cap screws.

9. ADJUSTMENT
Friction Disc Type

With the unit off, reverse the friction assembly
on the cross shaft to make the adjustment easy,

Turn the tension nut clockwise to increase the
spring tension on the discs. Two holes are
drilled in the tension nut for tightening pur-
poses, A flat tool with two pegs can be used.
Adjust the tension nut until 70 to 75 pounds
load is obtained, as shown in Nlust. 6,

Ratchet Lever Type

With the ratchet lever (14, Illust. 3) in low idle
position, make sure the injection pump speed
control lever adjustment is also in low idle
position. Refer to ''Injection Pump Manual,'
IS5-1003,

10. INSTALLATION
Friction Disc Type

Install the bracket and friction assembly on the
shaft so the stationary disc engages the peg in
the crankcase, Install the cap screws and con-
nect the controls. Be sure that the crosgs shaft
turns freely. The adjustment of the compres-
sion release mechanism has not been changed.

Ratchet Lever Type (See Illust. 3,)
1. Secure the support (5) to the engine side
of the dash with four cap screws. Install the

bellcrank (6) by inserting the bellcrank pin (4)
and cotter pin,
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Illust. 5 - Governor Friction Control on Tracter Engine.

2, Install the hand lever (14) in.the ratchet
(9} and secure the lever in the lever hub (10},
including the lever spring {11), with the lever
pin {12). Insert the lever shaft (8) and tighten
the jam nut to secure it,

3. Install the ratchet (9} to the dash with four
cap screws, If the'tractor is equipped with a

heat shield (7A), install it after connecting the
rod (7).

4. Install the rear rod (7) using a clevis pin
at the top and bottom. Secure each with cotter
pins.

5. Install the front rod (3) between the bell-
crank (6) and the injection pump speed control
lever., Secure the pins with cotter pins,

llust. & - Adjusting Tension on Governer Friction Contrel.
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F.8 STARTING CARBURETOR

1. DESCRIPTION

The F~8 model starting carburetor used on IH
diesel engines is of the updraft type and is
mounted directly on the underside of the intake
manifold at the right side of the engine. The
carburetor is used only on the gasoline start-
ing cycle.

Cn later model TD-6 and TD-9 crawler trac-
tors, UD-264, UD-281-4, UD-350 and UD-370
power units, the carburetore are of the adjust-
able jet type, to facilitate cold weather starting
(for operating instructions refer to operator's
manual).

All carburetors are equipped with starting
shutters which are actuated by choke control

levers. Some power units have the lever mount-

ed directly on the carburetor; other power units
and all tractors have the lever mounted on or
near the instrument panel with connecting link-
age to the carburetor.

2. MAINTENANCE
The carburetor must be removed, cleaned and
inspected whenever the following conditions
exist:
(a) Faulty carburetion,
(b) Engine speed exceeds maximum al-
lowable value as given in "SPECIFICA-
TIONS' in Section 1. ‘

Cleaning Stralner Screen {Refer to Hlust. 1.)

At regular intervals the strainer screen must
be cleaned,

1. Turn the stem on the gasoline strainer to
shut off the gasoline supply.

1llust. 1 - Removing the Strainer Screen.

2. Disconnect the gasoline strainer~to-car-
buretor tube at the carburetor.

3, Unscrew and remove the strainer screen
retainer with screen.

4. Clean the retainer and screen thoroughly
in cleaning solvent.

5. Install the retainer with screen in the
carburetor,

6. Install the gasoline strainer-to-carburetor
tube to the carburetor and secure the tube.

7. Turn the stem on the gasoline strainer to
open the gasoline supply.

3. REMOVAL

1, Turn the valve stem on the gasoline
strainer and shut off the gasoline supply.

2, Open the drain valve underneath the car-
buretor and allow all gasoline to drain from
the bowl.

3. Disconnect the gasoline strainer-to-car-
buretor tube at the carburetor,

4, Move the compression release lever to the
starting position. Disconnect the link attached
to the loéking shaft and lever assembly {25,
Tlust. 2).

5, -Disconnect the choke control lever linkage
from the carburetor at the starting shutter
shaft lever (8, Ilust, 2).

6. Remove the nuts and lock washers securing
the carburetor to the intake manifold; remove
the carburetor gasket.

4. DISASSEMBLY
{Reference Numbers Refer to lllust. 2.)

1, Remove the screws and lock washers se-
curing the fuel bowl {37) to the body {26); re-
move the bowl and gasket (28).

2, Use a thin screwdriver in the slot in the
bottom of the fuel inlet tube (27} and unscrew
the tube from the body.

3. Remove hand lever (12) and unscrew the
needle valve (14). Do not remove the "O!" ring
from the needle valve unless replacement is
necessary.

4. Remove the screws (11) securing starting
shutter (7); remove the shutter. Remove the

(Continved en page3.)
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IHust, 2 - Exploded View of Starting Carburetor, Model F-8.

1, Carburetor, complete,
2, Carburetor gasket.
3. Drain trough.
4, Starting shutter shaft,
long w/lever.
5. Dust seal retainer.
6. Dust seal.
7. Choke.
8. Starting shutter shaft,
short.
9. Friction apring ball,
10, Starting lever friction
spring.
10A, Roll pin.
11. Starting shutter screw.
12, Fuel adjustment lever.
13,  "Q'" ring,.
14, Needle valve
15, Starting lever stop pin,
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16,
17.
18.
19,
20,
21,
22,
23,

24,

25,
26,
27,
28.
29,
30.
31.

32,

Yenturi.

Liocking sha.ft cam.

Locking shaift bearing lock.
Locking shaft bearing.
Liocking shaft "O' ring.
Locking shaft washer.
Locking shaft dust washer.
Locking shaft dust washer
retainer.

Locking sha_ft dust washer
spring.

Locking shaft and lever,
Carburetor body, complete,
Fuel inlet tube.

Fuel bowl gasket.

Float lever spacer.

Float lever pivot screw gasket.

Float lever spring leaf, upper,
Float lever spring leaf, lower,

33. Float with ferrule.

34. Float reinforcing nut.

35. Float lever.

36. Float and lever, complete.

37. Fuel bowl, with spacer,

38. Drain valve.

39. Drain valve locknut.

40, Drain valve stem.

41. Filoat pivot and screw.

42, Needle valve and cage.

43, Needle valve cage gasket.

44, Lock washer,

45, Screw.

46, Strainer screen gasket,

47. Strainer screw retainer,
w/screen,

48, Fuel bowl, complete.

49, Drain valve body.
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F-8 STARTING CARBURETOR

4. DISASSEMBLY - Continved

long shutter shaft (4) with retainer (5), seal (6),
ball {9) and spring (10); remove shutter shaft
(8) with retainer {5) and seal {6).

5. Remove the nut and lock washer securing
the cam (17) to the shaft and lever assembly
(25); slide the cam off the shaft, Pull out the
shaft and lever assembly with spring (24), re-
tainer (23) and washers (22), Unscrew and re-
move the bearing (19).

6, Remove the pivot screw (41) and spacer
(29); remove the float assembly (36).

7. Remove the needle valve from its cage,

8. Remove the cage and gasket (43) from the
bowl,

9. Remove the retainer with screen (47) and
gasket (46) from the bowl.

filust. 3 - Removing the Float Assembly.

5. INSPECTION AND REPAIR

1. Clean all metal parts thoroughly with
cleaning solvent; dry with compressed air,
If gum deposits are present, clean the parts
with acetone and blow out with compressed
air.

2. Inspect the cork float for evidence of de-
terioration; replace if necessary by assembling
a new float to the float lever and spring. )

3. Inspect the needle valve and cage for wear.
If either part is defective, both must be re-
placed.

Illust. 4 - Removing or Attaching the Float Lever and Spring.

§. REASSEMBLY

1. Install a new gasket (46, Illust, 2) and re-
tainer with screen (47} in the bowl {37).

2. Install a new gasket (43) and cage in the
bowl,

3., Place the needle valve in its cage; position
the float assembly (36) and secure with the pivot
screw {41}, spacer (29) and gasket (30).

4. Perform leak test as follows: Connect the
carburetor bowl to a source of gasoline (six
foot head) as shown in Illust, 5. Be certain
the.bowl drain valve is closed. Slowly open
the shut-off valve and allow the gasoline to flow
into the bowl, The needle valve should close
and stop the flow with the gasoline level be-
tween 13/32 and 7/16 inch below the top face of
fuel bowl, If the needle valve does not shut off
the flow of gasoline, replace the needle valve
and cage assembly.

5. Hold the needle valve against its cage
(lust. 7) and check the float level. The float
must be 9/32 inch below the surface of the bowl.
If setting is incorrect, bend the float lever
slightly to get the correct level. :

6. With needle valve seated, check the height
of the spring above the surface of the bowl
{Illust. 6). This height must be 0.234 to 0.312
inch. Replace the spring leaves with new parts,

{Continved on next page.)
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F-8 STARTING CARBURETOP.

6. REASSEMBLY - Continued
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1llust. 5 - Checking the Fuel Level of the Starting Carburetor.

if the measurement does not fall within these
limits,

7. Screw the bearing (19) and bearing lock (18)
into the body. Install the shaft and lever as-
sembly (25) with spring (24), washer {22), dust
washer retainer (23) and "O" ring (20), Install
cam (17); secure with the lock washer and nut.

8. Install the shutter shaft (8) with retainer
(5} and seal {6}. Install the spring {10), ball

0.234 inch

0.312 inch% With float raised
up and float lever
pushing needle
valve against seat

Float level 9/32 inch

Float (needle) valve
and cage assembly
Upper spring

Lower
spring

M Fuel level *

b+— Bowl

R
\ I}’

)
m\\“‘})’-'/////mi//%

Reinforcing plate
Float lever

IPA-13859

Strainer screen
and retainer

Iust. 6 - Cross Section of Carburetor Bowl and Float Assembly.

158-1035B 464

{9), long shutter shaft (4) with retainer (5) and
seal (6). Secure the shutter {7) to shafts with

the screws {(11}.

9. Install the needle valve (14} and hand lever
(12) in the body {26). With the needle valve on
its seat, the hand lever must be installed down.

10, Install the fuel inlet tube (27) in the body
(26).

11. Use the new gasket (28) and fasten the bowl
{37) to the body (26) with the screws and lock

washers,.

7. INSTALLATION

1, Use a new carburetor gasket and secure
the carburetor to the intake manifold studs

with washers and nuts.

2. Connect the adjustable jet linkage. Connect
the choke control lever linkage at the starting
shutter shaft lever., Be sure full travel of the
shutter can be obtained.

3. With the compression release lever in the _

IS

starting position, connect the linkage to the =,
locking shaft and lever assembly,

4. Connect the gasoline strainer-to-carburetor
tube at the strainer screen retainer,

5. Turn the valve stem on the gasoline strainer
and open the gasoline supply.

6. Operate the engine on gasoline cycle., Use
an accurate tachometer and check the engine
speed (refer to "SPECIFICATIONS" in Section 1).

e g

o gl 2

#

& o

IHust. 7 - Checking the Float Level of the Carburetor.
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TRANSFER PUMP STRAINER

1. DESCRIPTION

The diesel fuel passes through a fine mesh
wire screen in the transfer pump strainer be-
fore it enters the transfer pump. Location of
the strainer varies with different power unit
series., (Illust, 1 and 2,)

= :
"”‘*::ﬁ - Strainer plug

_.Screen hex nut

_--Screen

_Strainer body

IPA-11510

Illust. 1 - Fuel Transfer Pump Strainer Disassembled.

2. REMOVAL (Refer to Illust. 2.}

1. Shut off the flow of fuel at the filter.

Z. Remove the fuel inlet pipe from the
strainer and remove the cap screws secur-

ing the bracket to the engine support. Re-
move the strainer and bracket,

3. DISASSEMBLY (Refer to lllust. 1.)
1. Unscrew the strainer plug and gasket.
2. Disconnect the screen by unscrewing the

integral mut from the plug. Lift the screen
from the strainer.

' ISupport
thracket

"Fuel transfer
pump strainer

lllust, 2 - Transfer Pump and Strainer.

4. INSPECTION AND REPAIR

The strainer screen in the transfer pump
strainer must be removed and cleaned at regu-~
lar intervals. Wash the screen in kerosene,
fuel oil or solvent. Clean out the plug and
strainer screen body alsc., If the strainer
screen is c¢racked or broken, it must be re-
placed with a new strainer screen,

5. REASSEMBLY

Reassemble the strainer in the reverse order
of disassembly,

6. INSTALLATION

Install the strainer in the reverse order of
removal.

TRANSFER PUMP DRIVE

7. DESCRIPTION
The transfer pump is driven with a V-type belt
by the pulley, attached to the front end of the
crankshaft (Tuthill and Viking). (Illust., 2.}
8. REMOVAL

Tuthill And Viking Pumps

1. Loosen the cap screws holding the pump
support bracket (3, Illust, 4},

2, Push the bracket (3) toward the engine to
slacken the drive belt (1) and remove the beilt
from the pump pulley and the crankshaft drive
pulley.

9. INSPECTION

Inspect the belt for grease, fraying and for
other indication of slippage. Replace if
necessary.
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TRANSFER PUMP DRIVE

10. INSTALLATION
Tuthill And Yiking Pumps

1, Imstall the belt over the pulley on the end
of the crankshaft; then with the pump pushed

as far toward the engine as possible, slip the
belt over the pump pulley.

2, Pull back on the pump until the belt can
be depressed by thumb pressure three-quarters

to one inch midway between the pulleys. (Refer
to Section 5.) To adjust tension, loosen the
mounting screws holding the pump bracket to
the engine support (Illust. 2). Push in to de-
crease tension; pull out to increase tension.

3. Tighten the cap screws which secure the
pump support bracket to the front engine sup-
port.

TRANSFER PUMP

L
11. DESCRIPTION

i

;. Tuthill And Viking Pumps
* The transfer pump, which draws fuel from the
main supply tank, is driven by a V-belt from a
pulley attached to the front end of the crank-
shaft {Illust. 2}, The following chart gives the
approximate fuel pump rpm and fuel delivery.

GAL. PER HR.
APPROXIMATE ‘%g;} OR%%I,LI‘{
MODEL |FUEL TRANSFER P.
PUMP RPM A4FT,
' VERTICAL
7 SUCTION LIFT.
UD-6 1219 18
UD-6A 1300 19
UD-264 1300 19
UD-281-4 1450 22
UD-9 1219 18
UD-9A 1300 19
UD-350,
UD-~370 1460 21

NOTE: It should be remembered that fuel de-
livery for a given pump speed can vary accord-
ing to the fuel suction lift and the piping length
of the fuel tank installations.

The direction of rotation is stamped on the
round portion of the pump housing. Rotation
is clockwise as viewed from front of the en-
gine., The pumping principle (llust, 3)is
known as the internal gear principle. Power
is applied to the rotor and is transmitted to

the idler gear with which it meshes. The
space between the outside diameter of the idler
gear and the inside diameter of the rotor is

155-1035B  4-64

sealed by a crescent-shaped projection which
is an integral part of the front cover. As teeth
come out of mesh, there is an increase in vol-
ume which creates a partial vacuum. Fuel
rushes into the pump to fill the vacuum and
stays in the spaces between both teeth of the
idler gear and the rotor until the teeth mesh,
Fuel is then forced from these spaces and out
of the pump. In the drive end of the pump
housing is located a spring-loaded, diaphragm
type seal assembly which prevents fuel leakage
past the revolving rotor shaft. The engine is
supplied with either the Tuthill or the Viking

pumps.

Suction l

‘ Discharge

IPA-12868

llust. 3 - Showing the Pumping Princlple.
12. REMOVAL
Tuthill And Viking Pumps
1. Remove the pump drive belt (par. 8).

2. Disconnect the inlet and outlet fuel.pipes
from the purmnp housing.

3. Remove the cap screws, nuts and lock
washers which secure the pump support bracket

(Continued on page 4+
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Belt.

Pulley.

Bracket.

Qutlet tube elbow.
Inlet tube elbow.
Inlet tube nut.
Elbow with nut,
Inlet tube with nut.
Strainer bracket.
Strainer assembly.
Plug.

FUEL

Hlust. 4 - Exploded View of Transfer Pump and $trainer Assembly.

12.
13.
14.
15.
16.
17.
18.
19.
20,
21,
22.

TRANSFER PUMP (Tuthill)

Gasket,
Screen,
Body.
Transfer pump,
Packing nut.
Bearing.
Seal.
Casing.
Rotor.
Idler.
Gasket.

PA-28749 A

23,
24,
25.
26,
27.
28,
29,
30.
31,
32.
33,

Head,
Transfer pump.
Housing cap.
Seal.

Cap gasket,
Bushing.
Housing.
Rotor.

Idler gear.
Gasket.
Cover.
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TRANSFER PUMP

12, REMOVAL - Continued
Tuthill And Yiking Pumps - Centinuved

{3, INlust. 4) to the front engine support.
{INMust. 2.}

4. Lift off the pump cbmplete with support
bracket and pulley,

5., Remove the pulley (2, Tlust. 4) by loosen-
ing the jam nut at the pulley hub, and then back
up the set screw and slide the pulley off the
pump rotor shait. -

6., Remove the support bracket from the pump
housing by removing two cap screws and lock
waghers.

13. DISASSEMBLY

Tuthill Tronsfer Pump
(Reference Numbers Refer to Illust. 4.)

1. Remove the cap screws holding the front
cover (33) to the housing (29). The gasket (32)
and idler gear (31) come off with the cover.

2. Place the pump in a vise with the jaws
gripping across the two fuel ports and remove
the housing cap (25) by using a spanner wrench.
Do not remove the bearing from the cap. I
the bearing is damaged, the housing cap with
bearing must be replaced as a unit.

3, The bushing (28) need not be removed un-
less replacement is necessary. Tap out the
rotor with shaft (30). Imspect the bushing.
Any scratches on the shaft must be honed out
with a stone.

4. Remove the two sea.ls’(26) and the cap gas-
ket (27) will come out.

Viking Transfer Pump
(Reference Numbers Refer to (Illust. 4.)

1. Remove the cap screws holding the front
cover {23) to the housing {19). The gasket (22)
and idler gear (21) usually comes off with the
cover (23).

2. Place the pump in a vise with the jaws
gripping across the two fuel ports and re-
move the packing nut {16) with a spanner
wrench.

3. Remove the ball bearing (17} and the seal
assembly (18) from the rotor shaft.

4, Remove the rotor shaft (20) from the cover
end of the housing (19).

155-1035B  4-64

14. INSPECTION AND REPAIR
Tuthlll And Yiking Pumps

1. Remove all rust, corrosion and dirt. Care-
fully inspect 21l parts for excessive wear., Use
a cleaning solvent when necessary.

2. Inspect the surface of the cover around the
bolt circle and the corresponding surface of
the housing for smoothness and cleanliness.

3. Inspect the thrust surface of the cover
against which the idler gear spins. Excessive
wear at this point will cause end play of the
rotor shaft and idler gear with a resultant loss
of pump capacity.

4, Check for excessive clearance between the
crescent on the cover and the idler gear., An
excessive clearance will cause a loas of pres-
gure in the pump. Replace the cover if the
crescent is worn excessively.

5. Check the fit of the idler gear on the pin.
There should be no perceptible play between
the gear and the pin, but the gear must turn
freely, If the pin is worn, replace the cover.

6., Remove any scale or dirt from the gear,
especially any dirt or scale packed between
the teeth,

7. The cover gasket acts not only as a gas-
ket but alsc as a shim or spacer to control
the clearance (end play) between the rotor
shaft and the cover, This cover gasket is
available in a variety of thicknesses ranging
from 0,003 to 0,009 inch in steps of 0.001
inch,

8. Clean all parts of the pumping compart-
ment using dry-cleaning solvent. Be sure to
clean out the inlet and outlet ports.

9. Check the inside of the housing (29} or
packing nut (16) for thread damage.

10, Check the fit of the inner race of the
ball bearing on the rotor shaft. It should
be fairly tight, If it is too loose, replace
the bearing (17) or housing cap (25).

11. Check for excessive play in the bearing
{17) itself and for pitted balls, worn races and
corrosion,

12, Check the seal assembly (18). If the seal
has been damaged, this complete assembly
must be replaced.
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TRANSFER PUMP

13, Check the rotor shaft for scratches and
grooves, File or stone down any scratches
or replace the shaft,

14, Check for undue wear and grooves in the
bushing {28), I excessive wear has caused
loose fit, it will be necessary to replace the
housing {29}.

15. REASSEMBLY

Tuthill Transfer Pump
(Reference Numbers Refer to Hlust, 4,)

1. Reassemble the rotor and shaft (30} into
the housing (29). Install the cover (33) to-
gether with the idler gear (31) and gasket (32).
The shaft must not bind in the bushing.

2, Install the cap gasket (27) and the two
seals (26) on the shaft.

3. Install the housing cap (25) with bearing
and tighten with a spanner wrench.

Viking Transfer Pump
(Reference Numbers Refer to Illust. 4.)

1. Reassemble rotor shaft {(20) to the housing
(19}, The cover {23}, together with the idler
gear (21) and gasket (22), can then be installed.

2., Insert the seal assembiy {18), followed by
the bearing (17) and packing nut (16). Turn

158-1035B  4-64

down the packing nut with a spanner wrench
until it is tight,

16. INSTALLATION

Tuthill And Viking Pumps .

The installation procedure is the same for the
Tuthill and the Viking pumps.

1. Attach the transfer pump support bracket
(3, Mlust. 4} to the pump body (4).

2., Slide the pump pulley (2) onto the rotor
shaft; then turn in the set screw and tighten
the jam nut,

3., Attach the pump support bracket, complete
with the pump and pulley, to the top side of
the front engine support {(Hlust, 2).

4, Connect the fuel pipe from the transfer
pump straineér to'the lower fitting of the trans-
fer pump, Connect the remaining fuel pipe

to the upper fitting of the transfer pump (Illust.
2). ‘ .

. 5, Install and adjust the pump drive belt

(par. 10).

NOTE: Also refer to step 7 in par. 14.
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H-4 MAGNETO

1. DESCRIPTION

The International model H-4 magneto is flange
mounted to a bracket on the right side of the
engine,

The magneto is driven from a shaft and gear
supported in a bracket which attaches to the
right rear gide of the crankcase front plate,
(See Illusts, 1 and 2,}) The magneto is driven
by two lugs which engage in slots of the mag-
neto drive shaft, The magneto is grounded out
during diesel operation by an automatic ground-
ing switch in the intake manifold that shorts

the primary circuit, The magneto features a
completely enclosed breaker chamber, a
starting impulse coupling and an Alnico rotor
magnet that should never require remapgnetizing,

'GROUNDING SWITCH  CRANKCASE

CABLE FRONT_ PLATE

%
£}

A-3561

MAGNETO'  MAGNETO BRACKET

Illust. 1 - Magneto Installed on Engine.

[
=

The magneto requires care in handling, The
following instructions must be adhered to
closely. The magneto ig driven through the
impulse coupling which has a 150 rpm missing
speed. Throw-out speed is 240 to 330 rpm.
Nlustration 3 shows the complete magneto
assembly.

2. REMOVAL

Remove the grounding switch cable from the
side of the magneto., (See Ilust. 1,) Pull

four spark plug cables from the distributor cap.
Remove the screws holding the magneto brack-
et to the crankcase front plate and remove the
magneto and bracket as a unit,

3. DISASSEMBLY

Remove the magneto {5, Ilust, 2) and gasket
{6) from the bracket {12), Some engines are
equipped with a service meter drive gear, On
these units the drive gear (16) and retainer
(17} will have to be rermoved, Bend the nut
lock (14) back and remove the nut (15) and
lock, Press the shaft (7) out of the gear (13}
or pull the gear from the shaft, Remove the
‘keys (8 and 9) from the shaft. The shaft can
now be removed, The bushing (11} and seal
(10) (if so equipped) should not be removed un-
less it is necessary to replace them, in which
case they can be pressed out,

4. INSPECTION AND REPAIR (See Mlust. 2.)

Wash all parts except the magneto in dry-
cleaning solvent and dry with compressed air,

{Continved on page 3.)

IHuvst. 2 - Magneto Mounting Brecket Components.

1, Cap screw. 6. Gasket.
2, Washer, 7. Shaft,
3. Cap screw, 8. Key.

4. Washer. 9. Key.

5. Magneto, 10, Seal.

i1

A-1055 B
11, Bushing. 15, Hex jam nut,
12. Bracket,. 16, Gear.
13, Gear, 17. Gear retainer.
14, Lock nut. 18. Gasket,
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H-4 MAGNETO

19 21

22 23
R

L_W_J

44

61—

il b

38 37 36 85 64 6566
L W T | [

1pB-9T88 A

Illulst. 3 - Exploded Yiew of Magneto {H-4).

)
155.1035B  4-64
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H-4 MAGNETO

Index to Reference Numbers in Illust. 3.

. Oil well felt.
. Oiler,
. Distributor cap spring.
. Locating pin.
. Body gasket-
. Felt seal retainer,
. Felt seal.
:+ Cap spring pin.
9. Distributor body.
190. "Coil to Distributor'' cable.
11, Cable nipple,
12, Coil cover mounting washer.,
13. Screw,
14, Coil cover,
15, Coil cover gasket.
16. Distributor cap.
17, Distributor brush.
18, Screw.
19, Gear cover felt seal retainer.
20, Gear cover felt seal.
21, Distributor gear cover.
22, Distributor gear cover gasket,
23. Distributor gear.
24, Rotor pinion.
25. Secondary leadout strap.
26. Screw,
27. Condenser hole cover.
28, Hole cover gasket.
29, Breaker arm and stationary
point,
30, Coil core, - - -
32, Coil end insulator,
33, Bearing felt.
34, Inner bearing felt retainer.
35. Bearing outer race.
36. Bearing retainer.
37. Bearing inner race,
38, Oil flingexr.
39, Breaker cam.
40, Rotor, assembly.

4. INSPECTION AND REPAIR - Continued
(Refer to [Hust. 2,)

Inspect all parts for wear and damage; replace
parts as necessary. The new shaft diameter

is .9995 to 1.0005 inches; the bushing diameter
is 1,0015 to 1,0030 inches. This gives a run-
ning clearance of ,001 to , 0035 inch, When
pressing in a new bushing, the 9/16 inch holes
rmust be toward the front end of bracket and
arranged vertically to coincide with similar
openings in the bracket. The four 3/16 inch
holes are then toward the magneto end of
bracket. The end of the bushing must be flush
with the front face of the bracket, Be careful
when reaming the bushing to have the bore
square with the mounting face within . 002 inch
or the gear will run-out, causing a noisy timing
gear train.

41, Distributor rotor nut.
4Z2. Distributor arm,

43, Distributor rotor,

44, Distributor rotor, assembly.
45, Distributor.,

46, Terminal washer.

47. Spring anchor,

48, Screw.

49, Primary leadout cable.
50, Frame, assembly,

51, Screw,

52. Condenser clip.

53. Condenser,

54, Terminal insulator,

55. Lock washer,

56, Short circuiting terminal,
57. Rotor shaft ball bearing.
58. Rotor shim, light.

59, Rotor shim, medium.
60, Rotor shim, heavy.

61, Screw,

62, Impulse coupling oiler,
63. Mounting flange,

64, Oil retainer washer,

65, Qil seal.

66, Oil retainer washer,

67. Impulse coupling stop pin,
68. Lock washer,

69. Woodruff key.

70, Pawl pin washer.

71. Pawl pin snap ring,

72. Pawl.

73. Magneto member,

74. Magneto member w/pawls.
75. Spring end button.

76. Coupling spring.

77. Rotating unit.

78, Drive member.

79. Lock washer.

80. Lock washer,

81, Impulse coupling nut,

within ,002 inch or the gear will run out, caus-
ing a noisy timing gear train.

5. REASSEMBLY OF MOUNTING BRACKET

Press in a new oil seal {10, Tlust. 2) (if so
equipped) with the lip facing the front of the
bracket. Lubricate the magneto shaft with en-
gine oil and place it in the bracket {12). Install
the key (8) in the shaft. Press the gear {13) on
the shaft with the flat side facing the bracket.
Secure the gear with nut lock (14) and nut (15).
Install the key (9), drive gear (16) and retainer
(17) (if so equipped}. The end clearance of the
shaft must be , 003 to . 013 inch.

CAUTION: The gear must run true with the
front face of the bracket.
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Illust. 4 - Removing the Magneto.

&. INSTALLING AND TIMING THE MAGNETO TO
THE ENGINE

1. Shellac a new gasket to the bracket.
the bracket to the crankcase front plate, so the
punch mark on the magneto gear tooth lines up
with the chamfered tooth on the camshaft gear,
Install the magneto.

SECONDARY LEADOUT

Attach

2. Attach a jumper wire between the magneto
terminal and the coil cover mounting bolt,
This will ground the magneto and prevent ac-
cidental starting.

3. Crank the engine until the No, 1 piston

{next to the radiator) is on top dead center of
the compression stroke, The compression
stroke can be determined by removing the No.

1 spark plug, placing your thumb over the open-
ing and cranking the engine until an outward
pressure is felt. Continue cranking slowly until
the timing mark is in line with the pointer. The
intake and exhaust valves are now both closed,

4. Remove the distributor cap and turn the mag-
neto coupling in a counterclockwise direction

{as viewed from the coupling end} until the

metal strip on the distributor rotor points to

the No. 1 terminal on the distributor cap. In-
stall the distributor cap.

5. Assemble the magneto on the engine, being
sure that the lugs on the impulse coupling en-
gage in the slots on the magneto drive gear
coupling, Assemble the magneto so the top is
as close to the crankcase as possible,

CONDENSER 1
BREAKER See Text for tests \5"-: coOiL
Point opening 013 and Assembly ! Assembly covered
DISTRIBUTOR T in text
CAP INSERT ¢ # COlL CORE
See Text f TTELTT G !
s::tinqecTearaonze . § i \I MOUNTING FLANGE
between votor ar . p—— i : [ I Use Flange to hold
and insert 2w 1 } i {' Magneto in Vise
: ¢ gk ] | R
b F | o -
| o
BRUSHJ: ® — N B
== . ROTOR SHAFT
— i
DISTRIBUTOR CAP
S i S - : O3l Seal Lip

DISTRIBUTOR ROTOR

S5PRING
ANCHOR

BREAKER CAM BLOCK

PRIMARY LEADOUT
from coil and condenser

A-1108

toward Impulse

Wy

IMPULSE COUPLING

ALNICO" MAGNET Missing Speed is 150 R.P.M.

Use keeper
when not assembled

in Maaneto

Rotor Shaft Bearings should
be preloaded .001-002" Use
shims as explained intext
Pack with grease.

{lust. 5 - Cross Section of Mogneto.

I55-1035B  4-84
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H-4 MAGNETO

6. Insert the magneto mounting bolts loosely
in the magneto flange, just enough to hold the
magneto in place, Then crank the engine cne
complete revolution to the next top dead cen-
ter. Now, pull the upper part of the magneto
away from the engine until the impulse cou-
pling just trips.

7. Tighten the mounting bolts firmly. Attach
the spark plug cables to the engine and to the
magneto. Start by connecting the No. 1 cylin-
der spark plug to the socket marked '""1'" on the
distributor cap; connect the next socket with

A13752

1llust. 6 - Wiring Chart for Magnete. The Engine Firing Order {s
1,3, 4, 2

the No., 3 cylinder, the next socket with the No.
4 cylinder and the last with No. 2 cylinder.

8. Remove the jumper wire from the magneto
terminal, connect the grounding switch cable
to the terminal and reconnect the jumper wire.

9, To check the timing, crank the engine slow-
ly until the top dead center of the No. 1 cylin-
der is reached, at which time the impulse coupl-
ing should just trip. The magneto is now cor-
rectly wired and timed.

10, Remove the jumper wire from the coil
cover mounting bolt to the magneto terminal.

Distributor bearing

oil cup Impulse coupling
N

T oil cup

[ |

1, N !
~ 1
N |

N - ~
%
N

\ /\
Y, Ay
; N

5
AN

'
4 9: B A-456

lllyst. 7 - Counterclockwise Rotation (Viewed from the
Distributor End.}

DISTRIBUTOR CAP

7. REMOVAL

Remove the secondary leadout wire (E, Hlust,
7} from the coil cover. To remove the dis-
tributor cap, push the distributer cap springs
(3, Niust., 3) out of the cap recesses and pull
off the cap.

8. INSPECTION AND REPAIR

The carbon brush in the central socket con-
tacts the monel metal strip of the distributor
rotor (Olust. 5}). The brush and spring can be
pulled out of the socket, if replacement is nec-
essary. If the four inserts are badly worn, re-
place the cap. All the grease must be removed
from the monel metal strip on the distributor
rotor to assure good contact. The distributor
cap must be free of dust or dirt, inside and out,

before assembling to the magneto. The two
ventilating holes (B, Ilust, 7} must be open at
all times.

Check thoroughly for cracks in the bakelite
distributor cap around the spark plug cables
and coil-to-distributor cable sockets, Very
small cracks will allow a spark to go through
the cap and partially short~out the engine. For
adjustment of the rotor arm with respect to the
inserts, refer to Illust. 9 and par, 10,11 and
1z,

9. INSTALLATION

The cap fits only one way; the ventilating holes
are always on the bottom side. Snap the body
springs into the distributor cap recesses and
install the secondary wire.
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DISTRIBUTOR ROTOR

10, REMOVAL

Remove the distributor cap. Apply the end of
a screwdriver against the hub of the rotor and
pry off the rotor as shown in Illust, 8, The
bakelite rotor is fragile; handle it with care.

Distributor
cap insert

Distributor rotor
Monel distributor arm
A-TT14A

llust. 8 - Method of Removing Distributor Rofor from its Spindle.

11. ADJUSTMENT

The monel metal arm on the distributor rotor

is adjustable and renewable. It is removed by
running out the arm nut. The arm must oper-~
ate as close to the insert in the distributor cap

A-1116A

lust. 9. Ad[usting Rotor Arm.

155.1035B  4-54

Feeler gauge

]

Monel metal arm

Distributor Arm nut

cap insert
tHlust. 10 - Inspecting Rotor Clearance.

A-1115

as possible without rubbing (Ilust. 10). To ad-
just the distributor arm correctly, take 2 cap
from stock and cut it away as shown in Illust.
10, Then, using a feeler gauge, check the dis-
tance between the distributor arm and the in-
sert in the distributor cap.

The arm can be adjusted slightly to gain the
desired clearance. To adjust the rotor arm,
loosen the nut (Illust., 9) and move the arm to
the point where the outside end just clears the
vertical portion of the distributor cap inserts.

12. INSTALLATION

When installing the rotor, be sure that the
rotor key on the inside of the rotor coincides
with the slot on the end of the distributor spin-
dle {Illust. 11), To assist in lining up the key
with the slot, use as a guide the rib which is

Distributor spindle
keyway

Rotor

Rotor key

Distributor spindle

A-1117A

1ilust. 11 - Distributor Rotor Removed.
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DISTRIBUTOR ROTOR

opposite the monel metal arm on the opposite
side of the rotor; the rib being in line with the
key. DBe sure that the rotor is pressed on as
far as it will go, as there is a possibility of
entrapped air preventing the rotor from being

pushed all the way down on the hub of the dis-
tributor gear. The rotor must have a heavy
hand-press fit on the distributor spindle. In-
stall the distributor cap and the secondary cable.

DISTRIBUTOR GEARS

13. DESCRIPTION

The distributor gears are contained in a
chamber which is a part of the distributor
body (Illust, 2). This chamber is partially
filled with magneto grease and sealed with
felt washers around the hub of the gear.

01 cup

Gear body
35

Cap screws

Spindle
Distributor

Gear chamber v
cover “ Bore for pinion
shaft
Pinion
A-1120A

Hlust. 12 - Distributor Gear Assembly,

14. REMOVAL

Remove the three cap screws {Illust, 13) from
the body and remove the body with gasket.

15. DISASSEMBLY

By removing the two cap screws, the cover and
gasket can be removed (llust. 12). Then the
distributor and distributor spindles can be
lifted out. The felt oil seal may be replaced
by driving out the old retainer.

16. INSPECTION AND REPAIR

Before replacing the retainer and felt, clean
out the hole with a metal cutting tool such as

a bearing scraping tool. Replace the felt and
retainer and lock the new retainer in place by
very lightly crimping over the edge of the body
with a center punch. The thrust surface of the
retainer should be flat. Do not soak the new
seal in oil, After assembly, coat it lightly
with rmagneto grease.

Rotor spindle ~

!

-
[ !

Cap screw--..{ '

v~ Gear cover
Distributor hody -
Gear cover screws
Cap screws
A-13753

iHlust. 13 - Magneto with Distributor and Retor Removed.
17. REASSEMBLY AND TIMING

Secure the gear body, with the gasket, to the
magneto frame. The body and gasket fit in

one position only. Imstall the distributor gear
spindle on the shaft, It must turn freely on the
shaft. Install the distributor pinion and check
the backlash with the gear. A slight movement
should be felt (approx. .002 to ,004 inch). Turn
the rotor shaft to make the flat spot on the pin-
ion hub line up with the flat spot on the rotor.
Take off the distributor spindle and fill the bore
with magneto grease. Press the distributor
gear spindle onto the shaft. As the teeth of the
spindle gear come into contact with the teeth of
the pinion, line up the distributor spindle gear
with the pinion, so the marked tooth on the pin-
ion is in line with the "L mark on the spindle
gear {Illust. 15). The "L' mark is for counter-
clockwise magneto {this model), and the '"R"
mark is for a clockwise magneto.

(Continved. on next page.)
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DISTRIBUTOR GEARS

17. REASSEMBLY AND TIMING - Continued

Partially fill the remaining chamber space with
magneto grease, Install the cover, with the
gasket, and secure with two screws. Install
the distributor rotor as directed in par. 13,
and secure the distributor cap.

Flat on end of rotor shaft -
" Disizshutor purnen huby

Distributor body

Pad

Spring anchor Black ( )
T \{.‘:?/j
Cil seal

{llust. 14 - Magneto with Distributor Body Removed.

Distributor
~ spindle

A-5088

IHust. 15 - Timing Marks on Distributor.

BREAKER MECHANISM

18. DESCRIPTION

The entire breaker mechanism of the magneto
is in its own separate compartment, thoroughly
sealed againat dirt and moisture, This makes
it possible to thoroughly grease the mechanism
without the possibility of grit working into the
lubricant and causing an abrasive action on
working parts.

19. REMOVAL(Refer to |llust. 16.)

Remove the distributor cap, distributor rotor
and the distributor body. Now the breaker arm
assembly and spring anchor block can readily
be inspected and removed for any modification
that may be required, The spring anchor block
can be removed by unscrewing the nut that se-
cures it to the breaker arm and primary lead-
out wire spring anchor terminal. The station-
ary point can be removed by removing one
screw,

20. INSPECTION AND REPAIR{Refer to 1ilust. 17 and 18)

If the rubbing block is worn, install a new
breaker arm. Examine the inside of the break-
er housing for oil or grease. If oil has been
leaking into the breaker housing, the grease
being used in the distributor gear case is too
thin., Another possible cause is that excessive

155-1035B  4-64

lubricant is being injected into the distributor
gear oil cup or that the felt oil seal is not func-
tioning properly.

21. REASSEMBLY (Refer to 1llust. 16 end 17.)

Before reassembling, thoroughly clean all
parts to remove grease and oil, Apply a light
coating of magneto grease to the breaker cam
to prevent rusting. Reinstall the fixed breaker
point, leaving the terminal screw slightly loose
until the point opening has been adjusted. Se-
cure the anchor block and primary spring ter-
minal to the breaker arm and to the magneto,
Do not flatten the spring terminal and be care-
ful that it does not touch any part of the mag-
neto frame, When reinstalling the anchor block,
do not push it tight against the magneto body
frame, but allow it to stick out far enough so it
is pushed into place by the distributor pad on
the distributor body (Illust, 19). Install the
gear body, with gasket, and secure it with
screws (par., 18). Install the distributor rotor
and distributor cap.

22. BREAKER ARM CAM(Refer to [llust. 18.)

The breaker arm cam will last indefinitely if
it is properly lubricated. If the cam becomes
worn, it can be replaced. The cam is a press
fit on the shaft and fits only one way.

PRINTED IN UNITED STATES OF AMERICA
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BREAKER MECHANISM

When reassembling, be sure this
shaft enters “D” shaped hole
in magnet rotor pinion

AY

Distributor
body N
Metal strip_

.
“~Fill this recess

] . with grease

i ~
Breaker arm Pack a small
gquantity of grease A-459
here

I
Distributor

ra
Distributor cap rotor

\llust. 16 - Magneto Parts Removed to Gain Access to Breaker Point Chamber.

Stationary point

Breaker cam

D' shaped end
of rotor shaft

Primary leadout wire
Spring anchor block

Breaker arm assembly
A-11224

{llust. 17 - Mognete Breaker Arm Removed, Illust. 18 - End View of Breaker Mechanism.

CONDENSER

24. REMOVAL (See Illusts. 19 and 20.) can then be removed with the lock and outer
hakelite washer.

To remove the condenser with the coll in place,

bend the condenser terminal lock from the flat

on the condenser terminal screw. The screw (Continved on next page.)
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CONDENSER

23. REMOVAL - Continved

Remove the coil cover, the condenser hole
cover plate and the clip and screw. Push the
condenser back into the frame and remove the
inner washer and {wo primary wires from the
condenser terminal. Push the condenser out
through the hole in the side of the magneto.

24. INSPECTION (TEST)

Test the condenser, if it does not show to be
in good condition; it must be replaced.

25. INSTALLATION (Refer to Illust, 19,)
Install the inner bakelite washer. Line up the

terminals of the primary wires and insert the
condenser.

Clamp and screw

Terminal screw Washer

Leadont wire

. ?““Terminal

. ) Condenser A-11254
Terminal lock  Terminal -

llust. 19 - Magneto with Coll Cover Removed.

Install the outer washer and secure the con-
denser in position with a nut lock and terminal
screw. When tightening the condenser terminal
screw, there is a possibility of breaking the
bakelite washer or the condenser terminal. Do
not apply too much pressure to the wrench when
tightening the screw. Secure the condenser
clamp and screw. Attach the condenser hole
cover plate and gasket with cap screws and
washers, Install the coil' cover and gasket and
secure with four cap screws.

Clamp _-Condenser

and screw < Inner washer
- -
Fd Vd
Condenser . £ Outer washer
hole cover ER%s =l )
plate™ A & B« Terminal screw
AER : LIIn
; T \‘«.
Y Condenser
@ T primary wire
L
N

Ilust. 20 - Cross Sectlon Yiew of Condenser Assembly.

PRIMARY WIRE

26. GEMERAL (Refer to {llust. 21.)

The primary wire connecting the breaker arm
assembly to the condenser terminal must be a
tight fit in the rubber grommet and the grom-
met must be a tight fit in the magneto frame.
To remove the primary wire, the spring an-

185-1035B  4-64

chor terminal must first be unsoldered (assum-=-
ing the coil cover, distributor cap, rotor and
body are removed), Then pull the terminal
wire out from. the top of the magneto. In reas-
sembling the primary wires, reverse the above
procedure. The primary wires to both the coil
and condenser must be pulled tight when the
condenser is assembled,

-
a
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PRIMARY WIRE

T PR DA
o B PNISAREA S e T

Ifust. 21 - Location and Assembly of Primary Wire.

COIL AND COIL COVER

27. REMOVYAL

Remove the coil cover and gasket. The screws

will be retained in the cover, if they are un-

screwed only from the frame. Remove the pri-

mary wire from the condenser terminal. The
magneto with the cover removed and the coil
grounding strip attached under the coil core
holding screw is shown in Illust. 19. Remove

the two screws from each end of the core. Then

remove the coil,

CAUTION: Before lifting the coil out, turn the
magnet to the neutral position or so the pole of
the magnet bridges the air gap between the end
of the coil pole pieces.

28. INSPECTION AND REPAIR
{Refer to |llust. 22 and 23,)

Inspect the end insulators of the coil. If they
are damaged, they must be replaced. Test
the length of the coil core mounting screws by
bottoming the screws lightly in the coil core,
and pressing the assembly into position as
shown in IIlust. 23. The mounting screws are
5/8 inch long. If either screw head does not
fall back of the face of the pole piece by 1/32
inch as shown, it must be removed and enough

Coil insulators

cut off the threaded end to make it fit properly.
When the coil core is in place, the screws will

{Continued on next page.)

Secondary leadout
terminal

Coil
Condenser-to-breaker

Coil grounding )
-~ wire _

strip

Coil core
holding screw

A-1127

{Hlust. 22 - Coll Mounted on Magneta,
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COIL AND COIL COVER

28, INSPECTION AND REPAIR - Centinved

then tighten up in the countersunk heole of the
pole piece before the screws bottom in the coil
core.

CAUTION: Do not file or otherwise deface the
ends of the coil core or the face of the pole
pieces, as this will impair the magnetic cir-
cuit and the efficiency of the magneto.

Test the coil, if it does not show to be in good
condition, it must be replaced.

29, INSTALLATION
(Refer to | llust, 22,)

Press the coil in place; the secondary leadout
terminal should be at an angle of 15 degrees
with the center line of the coil, The reason for
so positioning the coil terminal is to secure a
good contact with the secondary terminal outlet
in the coil cover. Position the grounding strip
and secure the coil core holding screws tightly
in position.

Install the condenser (par, 26}, Before in-
stalling the coil cover, be sure that the con-
tact points are clean and that the secondary

SECONDARY LEAD OUT

PRIMARY WIRE

1/32"
MINIMUM

(&)
R
Wﬁﬂ

g

POLE PIECE COIL A.2280
{ust, 23 - Assemble Coil Core Mounting Screws to Coil Core So
They Do Not Bottam in Core when Assembled in the Magneto.

h

leadout in the coil cover bears firmly against
the secondary leadout terminal., Install the
coil cover, with gasket, and secure it to the
magneto frame with four screws.

IMPULSE COUPLING

30. DESCRIPTION

The impulse coupling, inserted between the
magneto and the magneto drive, provides easy
and positive starting of the engine at low start-
ing speeds, The f{irst purpose of the impulse
coupling is to retard the spark at low engine
speeds to approximately top dead center of the
piston stroke, thereby preventing the engine
from backiiring, As the magneto member
(Illust. 25) is retarded by the pawls at low
speeds, these pawls are stopped by pawl stop
pins (Illust. 28). The lug on the magneto mem-
ber compresses the impulse spring. The lugs
on the impulse drive member, which continues
to rotate at constant speed, trips the pawls
{forces them away from the pawl pin) and the
magneto member (keyed to the magneto rotor)
is forced to rotate by a compressed spring at a
greater speed than that of the drive member.
The increased speed of the rotor provides a
much hotter spark to the engine than would be
provided by a direct drive to the magneto.

As the speed of the engine increases, the
weighted ends of the pawls are thrown out by
centrifugal force and their short ends no long-
er engage the pawl stop pins in the mounting

155-1035B  4-64

flange. The spark is no longer retarded., The
missing speed, approximately 150 rpm is the
speed at which the impulse coupling no longer
continually retards the spark. At this speed

Impulse magnete member

Impulse drive member

Spring %

T s

Drive member hub Lug on magneto
member

A-T1111

ust. 24 - Magneto [mpylse Coupling Removed.
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IMPULSE COUPLING

Impulse pawl spring

Retaining
snap ring

Washer

Impulse pawl
A-T112A

Counterweight

1llust. 25 - Complete Impulse Coupling Showing Rear Side of
Magneto Member with |mpulse Pawl Removed.

it retards the spark intermittently only. Over
the range of the throw-out speed, 240 to 330
rpm, the impulse coupling must cease to func-
tion completely, giving the effect of a direct
drive.

31. REMOYAL

To remove the impulse coupling, insert a nail
or pin through a hole (Illust. 26) in the coupling
drive member, locking the two elements to-

Adjustable wrench
Impulse drive member

Pin connecting
hole in impulse
driving membei

Lug on impulse drive member
Socket wrench A-11094

(llust. 26 - Correct Method of Removing Impulse Coupling Nut.

gether, Apply a socket wrench to the nut and
an adjustable wrench to one of the driving lugs
to prevent shearing the nail or pin while remov-
ing the nut. The impulse coupling can now be
removed with a tool (SE-912) (Ilusf, 27). As
the tool is turned in, the inside end contacts

the rotor shaft and forces the member off the
shaft.

Impulse nut
Lock washer
Washer

Impulse drive

Thread on inside A-1110A

of magneto member

IHust. 27 - Removing Impulse Coupling.

32. DISASSEMBLY AND REASSEMBLY
(Refer to Hlest. 24.)

The impulse coupling drive member, with im-
pulse coupling spring, can readily be removed,
The impulse coupling spring should seldom be
removed from the driving member but, if it is
necessary, it can be pried out of place. To in-
stall this spring, just compress it sufficiently
to fit into the drive member as shown, Before
assembling the impulse drive member with the
magneto member, soak the wick inside the im-
pulse coupling spring with light oil. Coat the
inside drive member hub of the driving mem-
ber with magnetc grease. The lug of the mag-
neto member must be a tight fit between the
hardened buttons on each end of the impulse
coupling spring. If the buttons become worn
or grooved, install new one-.

The impulse pawl can be taken off after re-
moving the retaining snap ring and washer.
The impulse pawl spring can then be rein-
stalled, Use a small amount of grease on
the pawl pivot and install the springs, pawls,
washers and snap rings. The pawls must
move freely on the pivots. When installing

(Continued on next page.)
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32. DISASSEMBLY AND REASSEMBLY - Continued

the drive member, be sure the lug of the
magneto member fits between the spring but-
tons,

33. INSTALLATION
(Refer to lllust. 28,)

Forward oil seal retainer
Mounting flange

i Inner oil seal
retainer Oil
sea

Ay A
Place a small amount of magneto grease on e § Outer bearing
the pawl pin. Press the assembled impulse es"  race
coupling on the rotor shaft, Be sure that the S
keyway in the magneto member engages the Countersunk scfews with
key in the magneto rotor shaft, Install the lock washers
washer and lock washer, which will fit in one A-1129
position only. Tighten the impulse coupling
nut, HIust. 28 - Magneto with Impulse Coupling.
MOUNTING FLANGE

34. REMOVAL

The mounting.flange (Illust, 28) is attached to
the magneto bracket and is held to the magneto
with four countersunk screws and lock washers,

Remove the impulse coupling {(par 32}, The
flange is freed by taking out the four screws.

35. DISASSEMBLY AND REASSEMBLY

Remove the outer bearing race (Illust. 28},
Place the inner retainer in position with the

internal taper side of the oil seal facing the bearw-

ing race (the bulged side of the oil seal faces
the retainer). Then install the inner retainer

and press the bearing race ln position, Assem-

ble the mounting flange to the magneto body
and check the rotor shaft for end play (par. 40}.

36. INSTALLATION

After the proper reassembly of the mounting
flange has been made as directed in par. 35,
install the flange and secure it with screws
and lock washers.

. ROTOR

37. REMOVAL

To remove the rotor and bearing, it is neces~
sary to remove the impuise coupling (par. 31)
and mounting flange (par. 34). Then slide the
rotor magnet into a keeper {Ilust. 29), as it is
being removed from the magneto frame. Al-
ways have the rotor in the keeper while it is
out of the magneto frame. Be careful that the
rotor magnet does not pick up dirt and metal
particles,

38, DISASSEMBLY

l., The inner bearing race can be removed
readily from the rotor by using puller and
adapter shown in Illust. 30. It is necessary

ISS.1035B  4-64

to remove the inner bearing race when remov-
ing or inserting rotor shims for preloading the
rotor bearings.

2. When the bearing inner race has been re-
moved, the inner oil {linger and the rotor
shims are free.

39. REASSEMBLY

1. Thoroughly clean the rotor and bearing
parts, and reassemble to the rotor approxi-
mately the same thickness of shims as taken
out. ——

2. Replace the inner oil flinger (Illust, 32)
with the upset portion toward the rotor magnet,
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ROTOR

Magneto frame

Rotor A-13754

IHust. 29 - Removing Magneto Rotor.

3. Press the bearing inner race firmly into
place and install the bearing retainer with balls.

4, The oil seal in the magneto frame and mount-
ing flange can now be installed {par. 35).

llust. 30 - inner Race Puller Tool SE-839.

A0. ADJUSTMENT

Thoroughly clean the rotor assembly and bear-
ing races of the old grease and any grit. Lu-
bricating the bearings must not be done until
they have been checked for end play.

The old bearings and races must be assembled
without disturbing the shims. ¥ an end play
check reveals that end play is present, no at-
tempt must be made to preload the old bearings,
as this would cause rapid deterioration of the
bearings. The recommended procedure, when

B " Rotor shaft
B : " | Mounting bolt
i ' d Fixture end piece

' Checking end play

Feeler gauge
A-2297A

lllust, 31 - Checking Rotor End Play.

end play exists on old bearings, is to replace
them.

The distributor body assembly (Illust. 14}
must be removed to facilitate correct adjust-
ment of the magneto rotor.

Place gufficient shims (Ilust. 32) in back of
the new bearing race to allow a small amount

(Centinued on next page.}

Bearing retainer

with balls

Oil flinger

Forward bearing

Bearing inner race

Rotor shims A-1131A

Inner felt retainer

Illyst. 32 - Rotor Shaft with Keeper, Bearings and Shims.
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ROTOR

40, ADJUSTMENT - Continued

of end play in the rotor shaft after it is com-
pletely assembled. The end play must be
checked with no grease on the bearings. Se-
cure the mounting flange in place with the
mounting screws (Illust. 28), Then check the
end play between the fixture and the end of the
rotor shaft with a feeler gauge (Illust. 31).

Take two readings with the feeler gauge; one
with the rotor as far one way as it will po and
the other with the rotor moved as far in the
opposite direction as it will go, The difference
in these two readings will be the actual end play,
Add , 001 inch to the difference between the two
readings, which should be the thickness of the
additional shims to be added.

Remove the mounting flange, slide the rotor
into the keeper, pull the outer race from the
shaft and add the required number of shims
{Ilust. 32) in the proper location. Grease the
ball bearings, reassemble the rotor and the
mounting flange, and check the rotor for free
turning. Be careful not to overfill the bearing
retainer with grease; just fill the spaces be-
tween the balls in the retainer with magneto
grease. The preloading of the bearing must
not cause binding of the rotor.

41, INSTALLATION

Install the impulse coupling, distributor body,
distributor and distributor cap.

BEARING OUTER RACES AND OIL SEALS

42. REMOYAL

The front bearing outer race and cil seal are
assembled in the mounting flange (Tllust. 38).
They are accessible after removing the im-
pulse coupling and the mounting flange as di-
rected. (Refer to par. 31 and 34.) The pur-
pose of the oil seal is to keep lubricating oil
out of the magneto body.

The rear bearing outer race and oil seal are
assembled in the main frame. The magneto
rotor distributor cap, distributor rotor, and
distributor body assembly must be removed
in order fo remove the rear bearing outer
race and oil seal.

43. DISASSEMBLY

The rotor shaft oil seal and the retaining
members are held in place by the press fit of

Magneto bearing race puller
tool SE-1020

Outer bearing race A-1134

Iilust. 33 - Tools Used for Removing end Installing Magneto
Outer Bearing Races.

155-10358  4-64

the rotor ball bearing outer race (Illust., 28).

The rotor bearing races can be removed with
a puller (SE-1020) and installed with tool (SE-
1021) shown in Ilust. 33,

The magneto outer bearing races in both the
main frame and the magneto flange can be re-
moved readily. Loosen the expander and in-
sert the tool into the bearing race. Manipulate
the split sleeve flange through the bearing race
and held it against the felt retainer. Draw up
on the expander by applying a wrench to the
flats on the threaded end of the expander, and
turn in a counterclockwise direction until a
definite pressure is felt. Then tighten the nut
and carefully drive the bearing race from place
on the shaft,

44, REASSEMBLY AND INSTALLATION

The sequence of assembling the outer bearing
race and oil seal is shown in Ilust. 28. The
internal taper side of the ocil seal faces the
bearing race and the bulged side of the oil seal
faces the oil seal retainer. Careful centering
‘and proper arrangement of the oil seal pro-
duces maximum compresgsion and efficiency.

Before installing the ocuter bearing, be sure the
felts and retainers are correctly assembled in
place.

Set the bearing race on the end of the tool (Il-
lust. 33). A small amount of clean grease
will hold the race on the tool. Carefully line
up the tool over the hole and drive the race in
place.
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BATTERY IGNITION DISTRIBUTOR

Section 13

1. DESCRIPTION
IH Models A, B ond H

The distributor has three functions: First, it
opens and closes the low voltage circuit, be-
tween the source of current and the ignition
coil, so that the primary winding {of the ignition
coil} (Illust, 1) is supplied with intermittent
surges of current, Each surge of current builds
up a magnetic field in the coil, The magnetic
field is collapsed by opening the low voltage
circuit, This in turn induces a high voltage
surge in the secondary winding (of the ignition
coil) (Illust, 1),

The second function is to time these surges to
the requirements of the engine, This is ac-
complished by the advance mechanism.

NOTE: Some distributors do not have an ad-
vance mechanism because engine performance
does not require if.

The third function is to direct the high voltage
surge through the rotor, cap and high tension

Page 1

wiring to the proper spark plug at the proper
time.

On distributors of IH manufacture, there are
two letters and a number stamped on the hous-
ing. The first letter designates the model
distributor, the second letter designates the
month of manufacture and the number desig~
nates the year the housing was built (Illust. 2).

The distributor mounting bracket is located on
the right rear side of the crankcase front plate
and has a shaft which is geared to the gear
train. The drive housing is mounted on the
rear of the mounting bracket with a shaft that
has lugs to engage with the slots in the shaft of
the mounting bracket. The other end of the
drive housing shaft is geared to the distributor
in the drive housing.

'

For removal of the drive housing, refer to the
removal and disassembly paragraphs for these
models. For removal of the mounting bracket,
refer to par. 2 in Section 12.

Housing Condenser

Shaft
Contact points

Square cam

Coil Manifold switch _
Secondary winding Breaker lever spring Rubbing block
x = x> T Terminal screw
s =l
Core eyt x =
\\T—Distﬁbutor cap
Primary winding ' \ Rotor P |
s : '
\ \
\ N
Ignition switch \ —
———— \ E
i
N N !
N N N
Ammeter—am{7Q) \ \ \
M
N \ \
To battery N \
N M N
Spark plug gaps—— 1 ﬁ 2 3 E n
]! N

L

IPA-505234

Ilust, 1 - Schematic View of the Ignition System Using a High Tension Distributor.
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1. DESCRIPTION - Continued e m \')
l;;'ima“ry terminal;

Yearbmll; -

A-36617.

1llust. 2 - Model Designation.

2. REMOVAL
IH Models A, B and H'

1. Remove the secondary coil-to-distributor
cap cable from the ignition coil,

2. Remove the distributor cap. by loosening
the spring clips from the cap.

3. Remove the distributor drive housing
mounting bolts.

4, Lift off the distributor and drive housing.
3. DISASSEMBLY

IH Models A, B and H

NOTE: Owing to difference in direction or ro-

tation, and/or amount of automatic advance,

the design of parts varies from one distributor

to another.

1. Remove the primary coil-to-distributor
cable from the coil and distributor.

2. Remove the coil from the drive housing by
removing two cap screws from the coil clamp
and then lift off the coil.

NOTE: Model H distributor coils have a
mounting bracket attached to the drive housing
by two cap screws. The ceil and clamp are
mounted to the bracket.

3. Remove the two distributor mounting
clamps.

4, Remove the distributor from the drive
housing,

5. Remove the distributor rotor (Illust. 3).

CAUTION: The distributor rotor is made of
bakelite and will crack or break easily.

155-1035B  4-64

"5, 2 %
~ W,
. ., -
e

lliust. 3 - Removing Distributor Rotor (IH Model K Shown, Others
Similar).

6. Remove the housing cover and felt seal;
rotating the cover will ease removal (Illust. 4).

- Housing -

Illust. 4 - Removing Distributor Housing Cover and Felt Washer O
{IH Model K Shown, Others Similar).

7. Remove the slotted screw from the conden-
ser clamp, remove the primary terminal screw
nut (the nut inside the housing) and remove the
condenser (Illust. 6}, ‘

8. Lift the breaker lever off the pivot (Illust.
7). Remove the stationary point,

9, Remove the terminal screw nuts, lock u
washers, brass washers, terminal insulators

and terminal screw from the housing (Illust. 8).
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Location of the
distributor symbol code

2 3 4 8910 -11 1,2 13 14 15 21 22/23 2F4 1|9 26
/ ;'I | N VA T NN ks - i :'I 'l 1!
1P8-6891A
Itlust. 5 - Battery Ignition Distributor (Type H).
1. Cap. . 9, Screw 17. Spacer.
2. Rotor. 10, Imsulator. 18, Shaft,*
3. Felt seal. 11. Washer. 19, Washer.
4, Cover gasket. 12, Breaker plate. 20, Spring.
5. Cover. 13, Weight guard.*® 21, Support.
6. Condenser, 14. Cam.* 22. Housing.
7. Clamp. 15. Spring.* 23. Retainer,
8. Breaker points, 16, Weight arm.* 24, Oil seal.

25, Gear.

# Owing to the difference in direction of rotation and/or amount of automatic advance, the design

of parts varies from one distributor to another.

lllust. 6 - Removing Condenser {IH Model K Shown, Others
Similar). .

10. Remove the two slotted screws which se-
cure the spring clips to the housing; remove
the clips.

11. Remove the remaining slotted screw (op-
posite the terminal screw opening) which se-
cures the breaker plate to the housing; lift the
breaker plate from the housing (Illust. 8).

Terminal serew”

Breaker lever
A-36621

Illust. 7 - Removing Breaker Lever ([H Model K Shown, Others
Similar).

12. Remove the governor weight guard by re-
moving the two slotted screws and lifting the
guard out (Mllust. 11}.

13, Remove the governor weight arm springs.

14. Liff out the governor weight arms and
gpacers (Ilust. 12).

15, Lift the cam off the shaft,

{Continued on next page.}
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) M;‘;';“‘WM;\-‘ R ”" ) ..} 19, T the bushing is excessively worn or
PR ! scored, install a new bushing, (Refer to par.
4, step 2 and Nlust. 15,)

§
H
H
i
i
¢ s
£
H
§
E

Insulatorb

A-36635

I L P U DU S

E
t
2
]
i
Jo

‘lust. 10 - IH Model H Battery Ignition (Models A and B
Similar),
lust. 8 - Removing Inside Terminal [nsvlator (IH Model K Shown,

Others Similar), wm s e I-Io“usin_;%

16. Remove the pin from the drive gear and
shaft. The gear can then be removed from the
shaft (Illust. 13),

17. Remove the drive shaft through the top of
the housing (Illust. 14),

18. Remove the "O" ring from the retainer at
the base of the housing (Illust. 9).

£

. . ¥ . ) ) ) i
R VR e e i AT 630,

NOTE: The retainer does not have to be re-
moved, unless it is badly worn or scored.

1llust, 11 - Removing Weight Guard (IH Model H Shown, Models A
and B Similar),

" Houstng ~

: ’ :.\ Spring anchor

N A-36631

Hlust. 12 « Removing Weights (IH Model H Shown, Mecdels A and
lllust, 9 - Remeving Drive Shaft ‘0" Ring. B Similar),

. PRINTED IN UNITED STATES OF AMERICA
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Housing

* Retiner

et 238693

1lyst. 13 - Removing Prive Geor (iH Model H Shown, Models A
and B Similar),

A-365634

llust. 14 « Remaving Drive Shaft (IH Medel K Shown, Models A
and B Similar),

Page 5

Bushing assembled from this side
and flush to .006 max. below fin-
ished thrust face of castmg.—b-
Press in place with sizing plug
of 4910 O.D. extending thru
bushing during assembly.

=S

l\\\\\\\\\

lrnnnn oy v e

e e e e

\\‘\\\\\\\

Sizing plug

IPA-55268

I{ivst. 15 = Bushing Installction:

4. INSPECTION AND REPAIR

The distributor cap, rotor, insulating washers
and bushings must be wiped thoroughly with a
soft, clean, dry cloth; other parts must be
cleaned with a cloth dampened with carbon tet-
rachloride or similar dry-cleaning solvent.

CAUTION: Do not immerse the distributor in
a degreazfxing tank; to do so will ruin electrical
parts,

INSPECTION

REMEDY

1. I.n‘spect the distributor cap, rotor and
insulating washers for cracks, chips or burned
surfaces,

2., Inspect bushings for excessive wear, scor-
ing, or looseness.

3. Inspect contact points for pitting and
burning, for oil and dirt, and for correct
gap setting.

1., Such damage can cause a leakage of high
voltage to ground, Replace as necessary.

2. Replace with shaft bushing package,
373 577 R91 (Hlust. 15).

3. Clean points with a few strokes of a fine
file or contact stone. Replace parts as nec-
essary. Gap setting should be , 020 inch.

NOTE: It is not necessary to file contact
points until all traces of pitting or burning have
been removed., File only until the high spots
have disappeared. Contact surfaces after us-
age may appear dull, but this does not indicate
faulty contact. Never use emery cloth to clean
contact points. Emery may embed in the point
surface and cause rapid burning and pitting.

(Continued on next poge.)
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INSPECTION

REMEDY

4. Inspect for oxidized contact points.

5. Inspect condenser for secure connec-
:ions.,

6, Inspect condenser sealing for cracks.

7. Inspect condenser insulation for break-
iown.

8. Imspect rubbing block for excessive wear,
3. Check breaker lever spring for correct
;ension.

10, Inspect ignition coil for secure terminals.
11. Imspect ignition coil for cracks and

burns, or dents and punctures in the coil
insulation and containers.

4, Replace as necessary. This condition is
usually caused by high resistance due to loose
connections in the condenser circuit, oil or for-
eign matter on the contact surfaces or exces-
sive high voltage caused by bad connections or
broken strands,

5. Be sure the condenser cable is not frayed

or corroded with broken strands or defective
connections. Broken strands will cause high re-
sistance in the condenser circuit, burning the
distributor points.

6. Replace as necessary. Openings in conden-
ser sealing may admit water or oil and cause a
short circuit in the condenser,

7. Replace as necessary. Such breakdown
will cause a short circuit in the condenser.

8. Replace as necessary.

9, Weak tension on the spring may permit con-
tacts to bounce and chatter, causing heavy burn-
ing and arcing of the points.

10. Tighten terminal connections.

11, Replace as necessary.

5. REASSEMBLY
IH Models A, B and H

1. If the sealing ring retainer was removed,
press in a new one so that it is snug against
the shoulder in the base of the housing.

2. Install a sealing ring in the retainer and
coat the exposed surface with IH magneto
grease,

3. Place a thrust washer (in good condition)
in the housing over the bushing.

4, Install the drive shaft through the thrust
washer and bushing {Hlust. 14), using a twist-
ing motion,

5. Install a second thrust washer on the coupl-

ing end of the shaft.

6. Install the drive gear on the shaft (Hlust,
13) and place a new pin through the gear and
shaft.

155+1035B 464

NOTE: Do not peen the pin.

7. Check the end play of the shaft between the
coupling and the lower thrust washer. This
end play must be ., 003 to .009 inch.

8. Upset the ends of the pin so that it fills the
entire hole after the correct end play has been
obtained.

9, Place the cam over the shaft.

10, Place a governor weight spacer over each
of the pivots.

11, Install the governor weights on the pivot,
so that the spring anchor is closest to the
weight (Hllust. 12).

12, Install a second spacer on each pivot.

13, Install the governor weight spring to the
pivots and spring anchors.

14, Install the weight guard and secure it with
two slotted screws (Illust. 11).

PRINTED IN UNITED STATES OF AMERICA
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15. Install the breaker plate so that the
threaded holes are facing upward (Illust. 8).

16. Install the two spring clips and three
slotted screws. '

17. Install the two terminal screw insulators
(Nlust. 8).

18. Install the terminal screw and secure with
a brass washer, lock washer and a hex nut on
the outside of the housing.

19. 1Install the breaker lever on the pivot so
that the rubbing block is against the cam and
the spring is on the terminal screw.

20. Install the stationary point and adjust the
point gap so that when the rubbing block is on
the high point of the cam, there is a gap of . 020
inch.

21. Place the brass washer and lock washer on
the terminal screw. Start the hex nut, but do
not tighten it.

22. Place the condenser on the breaker plate
{Illust. 6) and secure it with a slotted screw.

23. Connect the condenser wire to the termi-
nal screw so that it is under the brass washer.
Tighten the terminal screw hex nut.

24, Install the housing cover and felt washer
in the housing (Hlust. 4).

25. Install the rotor on the shaft (Olust. 3}.

26. Install the distributor in the drive housing,
50 that the primary terminal is positioned as
shown in Tllust. 10.

27. Install the mounting clamps and cap
screws, but do not tighten them.

28. On model A and B distributors, mount the
coil and clamp on the drive housing. On model
H distributors, the coil and clamp are mounted
on a bracket and the bracket is then mounted
on top of the drive housing.

29. Connect the primary coil-to-di stributor
cable to the primary terminal on the housing

and the negative (-) terminal of the coil. Be
sure these connections are tight.

. INSTALLATION
IH Models A, B and H

1. Before installing the distributor unit, crank
the engine until the No. 1 piston (next to rad-

Page 7

iator) is on top dead centexr of the compression
stroke. The compression stroke can be deter-
mined by removing the No. 1 spark plug, placing
your thumb over the opening-and cranking the
engine until an outward pressure is felt, Con~
tinue cranking slowly until the "DC'" mark on

the fan drive pulley is in line with the pointer

on the crankcase cover.

2. Turn the drive lugs slowly and lightly in a
clockwise direction until a slight resistance

is felt and the rotor arm is in the No. 1 firing
position. The rotor arm is in position when
the metal strip on the rotor arm is pointing to-
ward the No. 1 spark plug cable in the distri-
butor cap.

3, Pull cut the drive shaft to disengage the
gears. Then turn the shaft clockwise, so that
the drive shaft lugs (A, Dlust. 16) are approx-
irately 35 degrees past horizontal or approxi-
mately in the same position as the drive shaft
slots {(B). Engage the gears and press the
drive shaft in with the palm of the hand.

4, Assemble the distributor unit and gasket

to the mounting bracket, being sure the drive
lugs (A, Hlust. 16) are meshed with drive slots
(B). Secure with two mounting bolts and wash-
ers. Assemble the distributor cap.

5. Connect the ignition switch cable (C, Illust.
16) to the negative terminal of the coil,

1llust. 16 = Installing the Battery Ignition Unit.

7. TIMING THE DISTRIBUTOR TO THE ENGINE:

NOTE: The timing operation must be perform-
ed while the engine is on the gasoline cycle.

1. T.oosen the distributor mounting belts (B,
Illust. 18). Set the engine with the.No. 1 pis-

{Continued on next page.)
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ton on top-dead-center of the compression tinue cranking until a spark just occurs. at the

stroke. The timing pointer on the crankcase gap between the secondary cable and the pri-

front cover will line up with notch "DC" on the mary terminal.

fan drive pulley. The secondary cable should

be assembled properly in the coil terminal. 4, The timing marks should just be in line or
slightly past (never time before top dead cen-

2, Turn on the ignition switch and note if the ter). If necessary, make the required adjust-

ammeter shows discharge, If it shows dis- ment to have the spark occur as specified.

charge, the points are closed and retarding When correct timing is cbtained, be sure to

the distributor is not necessary., If the am- tighten the distributor unit mounting boits.

meter does not show discharge, retard the
distributor by turning the body about 30 de-
grees in the same direction as that of the cam
rotation. Hold the free end of the secondary
cable (A) within 1/16 to 1/8 inch from the dis-
tributor primary terminal (Illust. 18}. Ad-
vance the distributor by turning the distributor
body slowly in the direction opposite to the cam
rotation until a spark occurs.

e Ry
ettty
FER S

k. .’eﬁ

lust. 19 - Secondary Cable Held Under Distributor Cap
Spring for Timing Check.

5, If the spark plug cables have been removed
from the distributor cap, reassemble them in
the proper sequence using the rubber nipples
provided. The No. 1 plug is connected to the
No, 1 distributor terminal, etc., in the same
Hlust. 17 - Adjusting Distributor Roter and Drive Shafi Lugs direction as that of the cam rotation (Illust.

for Timing Distributor , 20).. Assemble the secondary cable in the.dis-
tributor cap (Illust., 21),

{llust. 18 - Advancing the Distributor While Holding Secondary
Cable 1 /16 inch to 1/8 inch from Primary Terminal.

3. Place the secondary cable under the dis-
tributor cap spring and place the terminal
within 1/16 to 1/8 inch of the distributor pri-
mary terminal (Illust. 19). A final check must
be made by cranking the engine until the "'DC"
mark on the fan drive pulley again approaches

the pointer on the crankcase front cover. Con- Hlust, 20 - Firing Order is 1,3,4,2 (Counterclockwise
Rotation).

PAA1055:
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{Hust, 21 - Distributor - Battery Ignition Unit.

Page 9
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1. DESCRIPTION

The type of cranking motors used on all 6 and
9 series tractor and power unit engines are
listed in the "Chart A - Cranking Motors'" in
Section 1, par. 2, The cranking motors are
all flange mounted to the flywheel housing., The
two types of motor drives are - Bendix and
Overrunning clutch types,

The starting switch used on all early 6 and 9
series tractors, is mounted directly to the
cranking motor and actuated by a starting
switch rod (extending through the dash) within
reach of the operator. The switch is a simple
contact type.

The 6 (61) and 9 (91} series tractors are
equipped with the push button type starting
switch which is mounted on the instrument
panel and through which the circuit is closed
between the battery and cranking motor.

When removing the starting switch, tag the
cables as removed to facilitate installation,
Replace defective switches with new ones in-
stead of attempting a repair. (Refer to parts
catalog.}

Bendix Drive

The Bendix drive is incerporated with the
cranking motor. The pinion of the drive is
mounted on a threaded sleeve in such a man-
ner that when the armature of the cranking
motor rotates, the threaded sleeve turns
within a gear, moving it endwise. This

Page 1

causes the pinion to mesh with the flywheel
ring gear and crank the engine. When the en-
gine starts, the flywheel drives the gear at

a higher speed than the armature; thus, caus-
ing the gear to be moved in the opposite di-
rection on the threaded shaft. The gear then
automatically unmeshes the pinion from the
flywheel. The drive spring is arranged to
take the sudden shock when the pinion meshes
with the flywheel {[llust. 1).

Overrunning Clutch Drive

The overrunning clutch is designed to provide
positive meshing and demeshing of the drive
pinion and flywheel ring gear. The overrun-
ning clutch cranking motor uses a shift lever,
which slides the clutch and drive pinion assem-
bly along the armature shaft, so that it can be
meshed and demeshed as required. The clutch
transmits cranking torque from the cranking
motor armature to the flywheel but permits

the drive pinion to overrun, or run faster than
the armature after the engine is started., This
protects the armature from excessive speed
during the brief interval that the drive pinion
remains in mesh.

The overrunning clutch consists of a shell-and-
sleeve assembly which is splined internally to
match the splines on the armature shaft; thus,
both the shell-and-sleeve assembly and the
armature must turn together, A pinion-and-
collar assembly fits loosely into.the shell, the

{Continved on next page.)

TERMINAL
OILER
COVER BAND OILER
FIELD COIL GREASE PLUG
i REDUCTION GEARS
T DRIVE HOUSING
==}/ OILER
e 7
! K =
A e — h il
= _— : = %
s
BRUSH  commutator =]
#
COMMUTATOR ARMATURE GEAR
END FRAME BENDIX BRONZE
SPRING BUSHING
A-5628

Hlust. 1 - Cross Section of Cranking Motor with Bendix Drive,
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1. DESCRIPTION - Continued
Overrunning Clutch Drive - Continved

collar is in contact with four hardened steel
rollers which are assembled into notches cut

in the inner face of the shell, These notches
taper inward slightly so that there is less room
in the end away from the rollers than in the end
where the rollers are. The rollers are spring-
loaded by small plungers,

When the shift lever is operated, the clutch as-
sembly is moved endwise along the armature
shaft allowing the pinion to mesh with the fly-
wheel ring gear. If the teeth should butt in-
stead of mesh, the clutch spring compresses.
The pinion becomes spring-loaded against the
ring-gear teeth, then, when the armature he-
gins to rotate, meshing takes place at once.

Completion of the shift lever movement closes
the cranking motor switch so that the armature
begins to rotate. This rotates the shell-and-
sleeve assembly, causing the rollers to jam
tightly in the smaller sections of the shell
notches, The rollers jam between the pinion
coliar and the shell, forcing the pinion to rotate
with the armature and crank the engine.

When the engine begins to operate, it attempts,
through the pinion, to drive the cranking motor
armature faster than the armature is rotating.
This causes the pinion to rotate with respect to
the shell so that it overruns the shell and arma-
ture. The rollers are turned back toward the
larger section of the shell notches where they
are free; thus, permitting the pinion {o overrun,

This protects the armature for the brief period
in which the starting switch is engaged and dis-
engaged. Opening the cranking circuit releases
the shift lever, causing the lever spring to pull
the overrunning clutch drive pinion out of mesh
with the flywheel ring gear,

2. MINOR REPAIRS AND ADJUSTMENTS

The cranking motor must be inspected period-
ically, as outlined below, to determine its con-
dition while it is still mounted on the engine.
However, inspection must be made when the
cranking motor is removed and disassenibled
for service or repdir.

1. Inspect the terminals, external connections,
wiring and mounting.

2. Remowve the cover band so that the commu-

tator, brushes and internal comnections can be
inspected.

155-10358  4.84
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3, If the comrmutator is glazed or dirty, it may
be cleaned with a strip of No, 00 sandpaper.
Do not use emery cloth to clean a commutator.

Hold the sandpaper strip against the commutator
with a flat wood stick, moving it back and forth
across the commutator, while the cranking
motor is in operation. Glaze and dirt will be
removed quickly. Blow all dust from the crank-
ing motor after the commutator has been clean-
ed. A brush seating stone may also be used to
clean comrnutators,

CAUTION: Never operate a cranking motor for
periods longer than 30 seconds, Allow the
cranking motor to cool for at least two (2) min-
utes.

S

4, If the brush length is less than 1/2 inch, or
if the brush leads have broken strands or are
otherwise damaged, the brushes must be re-~
placed.

New brushes must be seated with a2 brush
seating stone to be sure there is good contact
with the commutator. Blow the dust out of the
cranking motor after the brushes are properly
seated.

5., Check the brush spring tension with a
spring gauge. Hook the gauge to the brush arm
or brush attaching screws. (Refer to par. 2,
"SPECIFICATIONS" in Section 1.} It is impor-
tant that the tension is correct, since esces-
sive tension will cause rapid brush and com-
mutator wear, while low tension causes arcing
and burning of the brushes and commutator.
Correct the tension by bending the brush spring
as required. If the brush spring shows evi-
dence of overheating (blued or burned), do not
atternpt to adjust it, but install a new spring.
Overheating will cause a spring to lose temper.

If the cranking motor still fails to operate prop-
erly, remove it from the engine and test it with
special testing equipment,

)

3. REMOVAL

1. Disconnect the electrical leads from the
cranking motor and tag each to identify and to
facilitate replacement.

2. Remove the cranking motor from the engine.

4, TESTING THE CRANKING MOTOR

To check the performance of the cranking
motor or to determine the cause of abnormal
operation, the cranking motor must be sub-
mitted to a no-load and a torque test. Detailed
instructions for performing these tests can be

FRINTED IN UNITEDR STATES OF AMERICA
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found in the service literature furnished with
the testing equipment being used.

Interpreting Results of Test

Rated torque, current draw and no-load speed
specifications are shown in par, 2, "SPECIFI-
CATIONS ' in Section 1,

1. Low free speed and high current draw with
low developed torque may result from:

{z) Tight, dirty, or worn bushings, bent
armature shaft or loose field pole screws
which allow the armature to drag.

(b) Shorted armature. Check the armature
further on a growler,

(¢} A grounded armature or field, Raise
the grounded brushes and insulate them
from the commutator with cardboard and
then check with a test lamp between the
insulated terminal and the frame. If the
test lamp lights, raise the other brushes
from the commutator and check the fields
and commutator separately to determine
whether it is the field or armature that
is grounded,

2, Failure to operate with high current draw:

(2) A direct ground in the switch, terminal
or fields,

(b), Frozen shaft bushings which prevent
the armature from turning.

3. Failure to operate with no current draw:

{a) Open field circuit, Inspect the inter-
nal connections and trace the circuit with
a test lamp,

(b) Open armature coils. Inspect the
commutator for badly burned bars, When
running at free speed, an open armature
will show excessive arcing at the cormnmuta-
tor bar that is open.

{c) Broken or weakened brush springs,
worn brushes, high mica on the commuta-
tor, or other causes which would prevent
good contact between the brushes and com-
mutator, Any of these conditions will cause
burned commutator bars,

4, Low no-load speed with low torque and low
current draw indicates:

{a)} An open field winding, Raise and in-
sulate the ungrounded brushes from the

Page 3

commutator and check the fields with a
test lamp.

(b} High internal resistance due to poor
connections, defective leads, dirty com-
mutator and the causes listed under step 3.

5. High free speed with low developed torque
and high current draw indicates shorted fields,
There is no easy way to detect shorted fields
since the field resistance is already low. If
shorted fields are suspected, replace the fields
and check for improvement in performance.

NOTE: To determine the presence of short
circuits in the wiring, turn off all electrical
equipment. Disconnect the battery-to-crank-
ing motor solenoid switch cable at the battery,
Tap the cable terminal against its battery post.
Sparking will be produced, if there is a substan-
tial short circuit in the wiring. Be sure that
the fuses have not burned out before making
this test. To detect a very slight short circuit,
install a low reading ammeter (in a series) in
the circuit.

5, DISASSEMBLY

Disassembly should proceed only as far as is
necessary to rmnake repairs or to replace de-
fective parts.

For example, the fieid coils must be checked
for opens or grounds and, if found to be in nor-
mal condition, must not be removed from the
field frame,

The disassembly procedure to be followed for
the cranking motor will vary according to the
type and construction of the cranking motor.

Standard Bendix Drive
l. Remove the starting switch.

2. Take off the cover band and detach the brush
leads from the field leads.

3, Unscrew the thru bolts and take off the com-~
mutator end frame and field frame assembly.
Where there is a center bearing attached to the
drive housing, detach it.

4. Remove the armature (with the Bendix drive,
from the drive housing, The Bendix drive can
be detached from the armature shaft by remov-
ing the head spring screw.

5. Unscrew the shaft spring screw to separate
the drive spring from the drive pinion and shaft
assembly, Discard the tang washers.

(Continued on page 5 .}
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5. DISASSEMBLY - Continued
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IPA-42739C
1. Cover band,
2. Screw.
3. Screw.
4. Washer.
5, Ground screw,
6. Lock washer,
7. Ground lcad,.
8. Jumper lead,

IS5-1035B  4-44

tilust. 2 - Exploded View of Solencid-Overrunning Clutch Cranking Motor.

9.
10,
11,
12,
13,
14,
15,
16.

Brush screw,
Brush.

Brush holder.
Brush spring.
Field coil,
Terminal stud.
Washer.
Washer,

17. Lock washer.
18. Terminal nut.
19, Terminal nut.
20, Starting switch.
21, Case and coil.
22, Terminal stud.
-23. Terminal stud,
24. Contact and rod.

FRINTED IN UNITED STATES OF AMERICA
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25, Return spring.

26, Terminal stud,

27. Battery terminal stud.

28, Contact blade.

29, Cover gasket,

30, Cover,

31. Terminal (rubber) washer.
32, Terminal (plain) washer,
33, Terminal nut.

34, Terminal lock washer,

35, Terminal nut,

36, Terminal (rubber) washer.
37, Terminal {plain) washer.
38. Terminal nut,

39, Terminal stud washer.

40, Cover attaching screw washer,
41, Cover attaching screw,

42, Terminal clip.

43, Plunger and link.

44, Shift lever pin.

Gear Reduction Bendix Drive

(Refer to Illust. 1.)

1. Proceed as in steps 1 and 2 for standard
Bendix drive type.

2. Remove the screws which attach the drive
housing and separate the drive housing from
the reduction gear housing.

3. Remove the drive shaft (with gear and Ben-
dix drive) from the drive housing.

4, Separate the field-frame assembly from the
reduction gear housing by removing the attach-
ing screws,

5. Remove the armature from the gear housing.
Where the gear is detachable from the armature,

take off two nuts, gear and keys before separat-
ing the armature from the housing.

6. Remove the head spring screw and the Ben-
dix drive can be detached from the drive shaft.

7. Remove the brush and springs from the
commutator end frame if necessary to replace
them.

Solenoid Overrunning Clutch
{(Reference Numbers Refer to Hlust, 2.)

1. Remove the starting sclencid assembly (20)
from the field frame assembly. Remove the
cover band,

2. Detach the brush leads from the field leads,
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45, Shift lever cotter pin.

46. RH shaft retainer ring.

47, Shift lever,

48, Plunger boot,

49. Shift lever spring.

50, Shaft retainer ring.

51. Lever and shaft.

52, Drive housing w/ bushing.
53, Motor (clutch type) drive assembly,
54, Brake washer,

55, Plate w/bushing.

56. Lock washer,

57, Center bearing screw,

58, FPole shoe,

59. Pole shoe screw.

60, Thru bolt lock washer.

6l, Armature,

62, Space washer,

63, End frame and pin assembly.
64. Thru bolt,

3. Remove the thru bolts and separate the
commutator end frame (63}, field frame as-
sembly and the drive housing (52),

4. Remove the center bearing (55} by rermoving
the two screws {57 and washers (56),

5, The shift lever {47} with attaching parts
and the overrunning clutch or motor drive {53)
may be taken from the drive housing (52).

6. INSPECTION AND REPAIR

1. Wash all metal parts except armature and
fields in cleaning solvent. Degreasing solvents
will damage the insulation in the fields and ar-
mature, '

2, Inspect cranking motor bushings for rough-
ness or scoring, replace if necessary.

3. Inspect the armature commutator. If it is
worn, dirty, out-of-round or has high mica,
the armature must be put in a lathe, the com-
mutator turned down and the mica undercut,
The mica must be undercut 1/32 of an inch and
the slots cleaned out carefully to remove any
trace of dirt or copper dust. As a final step in
this procedure, sand the commutator lightly
with Ne., 00 sandpaper to remove any slight
burrs left from the undercutting.

4. An open circuited armature can be saved if
the open is obvious and repairable. The most
likely place that an open will occur is at the
commutator riser bars, This usually results
from excessively long cranking periods which
causes overheating of the cranking motor and

(Continved on next page.}
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6. INSPECTION AND REPAIR - Continved

melting of the solder which will be thrown on
the cover band. Resolder the leads in the riser
bars (using rosin flux)., Turn down the commu-
tator to remove the burned spot and undercut
the mica as previously explained.

5. Short circuits in the armature are located
by use of the growler. When the armature is
revolved in the growler with a steel strip, such
as a hacksaw blade, held above it, the blade
will vibrate above the area of the armature core
in which the short is located. Copper or brush
dust in the slots between the commutator bars
sometimes causes shorts between bars. These
shorts can be eliminated by cleaning out the
slots. Shorts at cross-overs of the coils at the
core end can often be eliminated by bending
wires slightly and reinsulating the exposed bare
wire.

Grounds in the armature are detected by use of a
a test lamp and test points. Place one lead of
the test lamp on the armature core or shaft and
the other lead on each commutator bar. If the
lamp lights, the commutator is grounded. Re-
pairs can sometimes be made if grounds are at
core ends (where the coils come out of the slots)

5
T

SOLEN

N i

by placing insulating strips between the core and
¢oil which has grounded.

6. Grounded field coils can sometimes be re-
paired by removing them, so they can be rein-
sulated. Be careful to avoid excessive bulki~
ness when applying new insulation, since this
might cause the pole shoe to cut through and
cause another ground when the coils are rein-
stalled.

Usually, if a field coil is open or shorted inter-
nally, it will require replacement since it is
difficult to repair such a defect.

7. FIELD COIL REMOVAL AND SERVICE

Field coils can easily be removed from the
field frame assembly by the use of a pole shoe
screwdriver, such as shown in HDlust. 5, Sec-
tion 15. A pole shoe spreader must also be
used, since this prevents distortion of the field
frame.

Careful installation of the field coils is neces-
sary to prevent shorting or grounding of the
field coils as the pole shoes are tightened into
place. Where the pole shoe has a long lip on
one side and a short lip on the other, assemble

&g ;"@ F
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Illust. 3 - Sectional View of Overrunning Clutch Drive, Solencid-Operated Cranking Moter.
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the long lip in the direction of armature rota-
tion, The long lip then becomes the trailing
(not leading) edge of the pole shoe, If the var-
nish coating on the field coils becomes hard
and interferes with assembly, they can be
heated in an oven to sufficiently soften them for

" easy installation.

Grounded field coils can sormetimes be re-
paired by removing and reinsulating them.
Be careful in applying new insulation to avoid
excessive bulkiness, since this might cause
the pole shoe to cut through and produce an~
other ground when the coils are installed,

8. LUBRICATION

Whenever the cranking motor is removed from
the engine and disassembled, careful lubrica-
tion service rmust be pertormed, depending
upon the type of lubrication fittings on the motor,
Grease plugs must be repacked, oil wicks re-
saturated, and oilless bushings given a few
drops of light engine oil, Drive mechanisms
must be lubricated with a small amount of light
engine oil or kerosene. Heavy oil or grease
must not be used, as this may retard or pre-
vent normal action of the drive mechanism.
Avoid excessive lubrication. This will cause
the lubricant to be forced onto the commutator
and decrease its efficiency. Never lubricate
the commutator or any part of the cranking mo-
tor while it is operating,

9. REASSEMBLY

Stondard Bendix Drive

1. Assemble the drive spring to the drive pin-
ion and shaft assembly and secure with the shaft
spring screw., Use a new tang washer and bend
the tang to lock it in place.

Use light engine oil sparingly to lubricate the
Bendix drive when ready to install it,

2, Attach the Bendix drive to the armature
shaft with the head spring screw. Slide the
armature, with the Bendix drive assembled to
it, into the drive housing,

3. Where there is a center bearing attached to
the drive housing, attach it, Install the com-
mutator end frame and thru bolts.

4, Connect the brush leads to the field leads
and install the cover band,

5. Attach the starting switch to the frame.

Page 7

Gear Reduction Bendix Drive
(Refer to Ilust, 1,)

1. Install the brushes and springs to the com-
mutator end frame if they are to be replaced.,

2, Attach the Bendix drive to the drive shaft
and secure with the head spring screw.

3, Install the armature in the gear housing,
If the gear is the detachable type, install it
with keys in place and secure it with two nuts.
Then, install the armature in the housing.

4, Attach the reduction gear housing to the
field frame with screws.

NOTE: The gear reduction housing must be
repacked with medium grade graphite grease
before assembly.

5. Install the drive shaft (with gear and Bendix
drive) in the drive housing,

6., Assemble the drive housing to the reduction
gear housing and attach the drive housing with
screws,

7. Proceed as in steps 4 and 5 given for Stan-
dard Bendix drive.

Solenoid Overrunning Clutch
{(Reference Numbers Refer to Illust. 2.)

l. Install the shift lever (-47) with attaching
parts and the overrunning clutch or motor drive
(53) to the drive housing {52}.

2., Install the center bearing (55) using two
screws (57) and washers {56).

3. Assemble the drive housing (52), field
frame assembly, comrnutator end frame (63}
together and install the thru bolts.

4, Install the brush leads to the field leads.
5. Install the cover band. Install the starting
solenoid assembly (20) to the field frame as-

sembly. Refer to par, 11, "ADJUSTMENT -
CRANKING MOTOR PINICN. "

10. INSTALLATION

1, 1Install the cranking motor to the flywheel
housing.

2, Connect the tagged electrical leads to the
cranking motor.,
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11, ADJUSTMENT - CRANKING MOTOR PINION

Manual ly Operated Overrunning Cluich
(Refer to Illust, 4.)

Clamp the cranking motor in a vise.

shift lever until the switch button is fully de-
pressed and the pinion ig forward, Push the

pinion back until the play is taken out

clutch mechanism. DO NOT COMPRESS THE

CLUTCH SPRING.

iy
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Measure the clearance between the face of the
pinion and the inside nose of the drive housing.
Clearance must be 23/64 inch £ 1/32 inch, Ad-
just by turning the lever adjusting screw in or
out as necessary. )

Solencid Operated Overrunning Clutch

After the cranking motor is reassembled, the
pinion clearance must be adjusted to give suf-
ficient clearance between the end of the pinion

i
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Nlust. 4 - Sectional Yiew - Overrunning Clutch, Manually Operated Shift Lever.
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Must. 5 - Schematic Dicgram of Overrunning
Type Cranking Motor - Shewing Pinion Clear
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llust. 6 - Adjusting Pinion Clearance.
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gear and the "nose' of the housing when the
gear is in mesh with the ring gear of the en-
gine (Illust. 5).

Clamp thé cranking motor in a vise, Remove
the cable from the "motor" terminal of the
solenoid so that the cranking motor will not
operate, Place a piece of 3/16 inch bar stock,
or gauge, between the pinion and the housing.

Connect a battery of the proper voltage be-
tween the "switch' terminal of the solenoid
and the solenoid base (ground). Push the sol-
enoid plunger in by hand.

The battery curreant will hold the plunger in
while the pinion clearance is being adjusted.
Loosen the solenoid switch mounting screws.
Full the switch away from the shift lever until
the play is taken out of the lever and clutch
mechanism. DO NOT COMPRESS THE OVER-
RUNNING CLUTCH SPRING,.

Moving the switch toward the lever increases
the clearance and moving the switch away from

185-1035B 4564
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the lever decreases the pinion clearance
(Illust. 6&).

Tighten the solenoid switch mounting screws
and replace the connector at the "motor" ter-
minal of the solenoid,

Solenoid Check

1. Comnect a test lamp between the "switch"
and "battery' terminals of the solenocid.

2, Place a 1-1/64 inch spacer block between
the drive pinion and the inside nose of the drive
housing. ‘

3. Connect a battery of suitable voltage, in
series, with an adjustable resistance between
the solenoid "switch'" terminal and "ground."

4, Adjust the voltage at the solenoid to speci-
fied * value, The test lamp should light, indi-
cating the main contacts are closed,

* 6 ~ volt motor - 4.3 volts
*12 - volt motor - 9.0 volts

FRINTED IN UNITED STATES OF AMERICA
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GENERATOR

1. DESCRIPTION

The purpose of the generator is to supply cur-
rent to keep the batteries in a charged condition
by replacing electrical energy used by loads on
the batteries. The generator is sealed against
entrance of dirt and is mounted on the right side
of the engine, It is driven by a V-belt from the
fan and water pump pulley. The output of the
generator is controlled by a current and volt-
age regulator,

CUT-OUT RELAY
ARMATURE TERMINAL
FIELD TERMINAL

On some engines, a 6-volt, third brush type
generator is used, The third brush is set at
the factory.

On some engines, a 12-volt, third brush type
generator is used, The third brush is set at
the factory. The TD-6 (61) and TD-9 (91)
tractors are equipped with a two-brush, shunt
type generator.

The direction of rotation for all generators
used is clockwise, viewed from the drive end.

ARMATURE
COVER BAND 'WI OILER
COMMUTATOR oo FIELD COIL
BRONZE _\
BUSHING -
OILER \ =
T\
e - I | e
- —
= B BALL
'k— — . BEARING
THRU N
BOLT
RI
AN Pk
COMM., BRU
END FRAME BRUSH SPRING A-2682

Illust. 1 - Cress Section of Generator.

2. REMOVYAL

1. Remove the nuts, lock washers and leads
from the terminals on the generator and the
regulator unit. Tag each to facilitate replace-
ment,

2. Remove the adjusting cap screw, lock
washer and plain washer, which secures the
generator brace to the generator housing. Push
the brace upward and out of the way.

3, Loosgen the mounting screws at the front
and rear of the generator and push the genera-
tor toward the engine. Remove the drive belt
from the generator.

4., Remove the mounting screws and lift the
generator from the generator bracket.

3. INSPECTION AND REPAIR

1. Clean the generator externally by wiping it
with a clean cloth dampened with a dry-clean-

ing solvent.

CAUTION: Do not immerse the generator in a

degreasing tank; to do so will ruin electrical
parts.

2, Inspect the generator wires for broken
strands, corrosion and poor connections.

3. Check the pulley nut and generator mount-
ing for security and damage.

4. Check for correct drive belt tension, If
necessary, adjust the belt tension (par. 4).

5, Keep the comrmutator clean and free from
grease and dirt, If the commutator is dirty
or burned, polish it with No. 00 sandpaper,

CAUTION: Never use emery cloth or carbo-
rundum to clean the commutator or brushes,
Particles of these abrasives will imbed in the
surfaces of the commutator and brushes,
There, they will burn and greatly reduce the
life of the commutator or brush, Blow out
dust after cleaning,
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GENERATOR
9
),
IPA-42737
Hust. 2 - Generator and Connections. U
1, Generator brace stud. . 4. Generator pulley. 6, Voltage regulator.
2. Generator brace, 5. Gemnerator belt, 7. Generator bracket.
3. Generator.

3, INSPECTION AND REPAIR - Continued

Must. 3 - Cleaning the Generator Commutater..

4, ADJUSTMENTS
Adjusting Generator Charging Rate - Third Brush Type

1. Check the maximum charging rate on the
ammeter. Fully charged batteries must be

195.1035B  4-64

used. With the engine operating and no elec-

trical load imposed, remove the voltage regu-
lator cover and slip a match between the reg-
ulator armature and the core in order to hold

the contact points closed, Note the ammeter

reading. With the generator cold, the reading
must be in accordance with the chart given in

nSPECIFICATIONS, " Section 1.

2. If the charging rate is too low, check the U
commutator and brushes for oil and grease
deposits, also, check the generator belt ten-
sion. I these checks reveal no discrepancy,
loosen the third prush carrier lock screw, in
the rear face of the generator, until the lock
washer tension has been released. DO NOT
REMOVE THE LOCK SCREW, To increase
the charging rate, move the third brush in a
clockwise direction as viewed from the drive
end. To decrease the charging rate, move the
third brush in the opposite direction.

NOTE: Never set the third brush closer than
2-3/4 commutator bars from the main brush 3
{Illust. 4). When the required adjustment is

made, secure the third brush and carrier by

PRINTED IN UNITED STATES OF AMERICA
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GENERATOR

Third brush is shown set
2-3/4commutator bars from
main brush. Never set

closer. _ /}\
N
@

- Third brush

- Main brush
(gro:m ded)
/

v
Main brush
A-440A Commutator bar

Illust. 4 - Third Brush Setting.

tightening the lock screw. Reassemble the
cover band and recheck the charging rate,

Checking Brush Spring Tension

1. The generator brush tension must be as
specified in "SPECIFICATIONS" in Section 1.
Any brush with incorrect tension must be re-
placed, Excessive spring tension will cause
the commutator and brushes to wear too rap-
idly. This will cause an unnecessary amount
of dust from the brushes to be present in the
generator, Low spring tension will reduce the
generator output, cause sparking with conse-
quent arcing and burning of brushes and com-
mutator.

2, After checking the brush springs for the
correct tension, inspect the brush pigtail leads
for damage and bad connections. A poor con-
nection in the charging circuit will cause the
generator to build up an excessive voltage
which can result in burned field or armature
windings and a low current output.

Brush Length

Brushes must be replaced when their length
becomes less than 1/2 inch.

Fixed Third Brush

There is no output adjustment on these gen-
erators., The output can be adjusted only by
adjusting the regulator,

Two Brush - Shunt Type
There is no output adjustment on these gener-

ators, The output can be adjusted only by ad-
justing the current and voltage regulators,

-which prevent output and voltage from exceed-

ing predetermined limits,

5. CHECKING INOPERATIVE GENERATOR

Several conditions may require remocval of the
generator from the engine and further checking
of the generator.

No Qutput

Remove the cover band and check for sticking
or worn brushes and burned commutator bars,
Burned bars, with other bars fairly clean, in-
dicates open circuited coils. If the brushes are
making a good contact with the commutator and
the commutator is in good condition, use test
leads and lamp, and check as follows:

1, Raise the grounded brush; check with test
points from "A' terminal to frame. The lamp
should not light; if it does, the generator is
grounded. Raise the other brushes from the
comrmutator and check the field, cormmmutator
and brush holders to locate the ground.

2. H the generator is not grounded, check the
field for an open circuit.

3. H the field is not open, check for a shorted
field, Field draw at generator voltage should

be as listed under "Field Current" in the chart
in "SPECIFICATIONS, " Section 1.

4, ¥ the trouble has not been located as yet,
remove the armature, and check on a growler
for a ghort circuit,

Unsteady or Low Output

1. Check the brush spring tension and the
brushes for sticking,

2. Inspect the commutator for roughness,
grease, dirt, dirt in slots, high mica, out-of-
round or burned bars. With any of these condi-
tions present, the commutator must be turned
down in a lathe, and the mica undercut. In
addition, with burned bars, which indicate an
open circuit, the open circuit must be elimina-
ted or the armature replaced.

Excessive Output

Excessive output usually results either from
wrong adjustment of the third brush, regulator
or from a grounded generator field {grounded
either internally or externally). To determine
if the generator is at fault, open the field cir-
cuit {disconnect the lead from the "F'' terminal
of the regulator or the generator) with the gen-
erator running at a medium speed. If the out-
put drops off, the field is grounded externally.

(Continued on next page.)
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GENERATOR

5. CHECKING INOPERATIVE GENERATOR - Continued
Excessive Qutput - Continved

I the output remains high, the field is ground-
ed in the generator, either at the pole shoes,
leads, or at the "F" terminal.

Noisy Generator

A noisy generator can be caused by loose mount-
ings, worn or loose coupling or pulley, worn,
dry or dirty bearings, or improperly seated
brushes, Brushes may be seated by using a
brush seating stone,

6. DISASSEMBLY

Normally, digsassembly should proceed only as
far as is necessary to make repairs or to re-
place defective parts. For example, the field
coils must be checked for opens, shorts or
grounds hefore being removed from the field
frame; then, they should be removed only if
they require repair or replacement,

Third Brush Type

Remove the voltage control unit (if so equipped),
and the cover band from the generator. Dis-
connect the brush leads from the brush holders
and unscrew the thru bolts, Remove the com-
mutator end frame and the drive end frame

from the field frame, Place the armature in a
vise (use soft jaws and avoid excessive tighten-

ing of the vise). Remove the nut, washer, pul-
ley, key and drive end frame with the bearing.

Field Coil Removal

Field coils can be removed most easily from

the field frame, by the use of a pole shoe screw-
driver and spreader. The pole shoe spreader
prevents distortion of the field frame while ap~
plying pressure to the pole shoe screw. The
pole shoe screwdriver permits easy loosening
and removal of the pdle screws.

7. LUBRICATION

Follow the instructions given in the "Lubzrication
Charts'' section of the Operator's Manual.

8. INSTALLATION

1. Place the generator.in position on the
bracket and install the generator mounting
screws, Push the generator toward the engine
and replace the generator drive belt.

2. Tighten the drive belt to the correct ten-
sion {par. 13) and secure the generator in
pogition,

3, Install the generator regulator unit.

4. Connect all leads to the correct terminals.

5. Repolarize the generator {par, 4, in Section

16).

6. Check the generator output on the ammeter,

DRIVE BELT

9. DESCRIPTION

The generator drive belt is a single continuous
V-belt around the generator drive pulley and
the fan pulley.

10. REMOVAL

1. Loosen the generator mounting screws and
the cap screw which secures the adjusting
bracket. Push the generator towards the en-
gine to relieve the belt tension. Remove the
belt from the generator pulley.

2. Slip the generator belt over the fan drive
pulley and fan blades.

11. INSPECTION AND REPAIR

Inspect the generator drive belts for grease,
wear, {raying or slippage. If not in good con-
dition, replace,

12. INSTALLATION

Reverse the procedure for removing the belts,

158-1035B  4-64

13. ADJUSTMENT

The slack of the drive belt must be checked
frequently to assure maintenance of the cor-
rect tension. The tension is correct when the
belts can be depressed without effort by thumb
pressure approximately 1/4 inch midway be-
tween the pulleys, If tensicn is incorrect, ad-
just as follows:

1. Loosen the generator mounting screws and
the cap screw which secures the adjusting
bracket.

2. Move the generator away from the engine to
increase the belt tension or push it toward the
engine to decrease the {ension.

3. When the required tension is obtained, re-
tighten the bracket and the generator mounting
screws,:
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1. DESCRIPTION

The voltage regulator unit contains a cutout
relay, voltage regulator and current regulator,

The CUTOUT RELAY closes the generator-to-
battery circuit when the generator veltage is
sufficient to charge the battery and it opens the
circuit when the generator slows down or stops,
This prevents the battery from discharging
through the generator,

o | Current regulator :
Cut-ont rela U e .
‘ ey Voltage regulator

wppre CGENT

(A-25431

lllust. 1 - Three Unit Regulator Cover Removed.

Page 1

The VOLTAGE REGULATOR is a voltage-
limiting device which prevents the voltage
from exceeding a specified maximum and
reduces the generator output to a value re-
quired for any particular condition of battery
charge and electrical load,

The CURRENT REGULATOR is a current-
limiting device which prevents the generator
from overloading itself when the voltage regu-
lator is not operating,

2, GENERAL

Before any repairs or adjustments are made,
refer to "CHECKING MECHANICAL PROBE-
LEMS," {par. 3 in Section 1) to see if possibly
the regulator, and not the generator, might be
at fault.

While some voltage regulators are designed for
use with a positive {+} grounded battery, others
are to be used with a negative {~) grounded bat-
tery.

CAUTION: Never use the wrong polarity
regulator on an application.

Generators have a specific field draw, output,
speed range and internal connections. Be sure
that the proper regulator and generator are usec
Improper substitutions may not function cor-
rectly,

curour CURRENT

VOLTAGE

RESISTANCES _J

GENERAIOR

BATTERY RELAY REGULATOR REGULATOR
TERIES WINDING
c oMy [ \
SHUNT WINDING
o} v J
—
" S
H Ju=bdr
3 L h 'Y
—— ‘
= LT T T T e
SERIES memcL—r
SHONT WIRDING ] g
Zom) BAT. GEN) FiELD
AMMETER

A-25425

1llust. 2 - Circuit Wiring Diagram - Three-Unit Regulator.
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3. ADJUSTMENTS (Three-Unit Regulatar)

If the regulator is inoperative, or if tests show
the unit is not adjusted according to specifica-
tions, proceed as follows:

Mechanical checks and adjustments (air gaps,
" point openings, etc.) should be made with the
regulator off the tractor. Electrical checks
and adjustments may be made with the regu-
lator either on or off the tractor, mounted in
operating position, and with the regulator at
operating temperature,

To check the electrical settings outlined in the
following paragraphs, special test equipment
will be required. Instructions for use of this
equipment will be found in the literature fur-
nished with the test equipment. For "SPECI-
FICATIONS" refer to par. 2 in Section 1.

Contact Points

A majority of regulator problems can be elimi
nated by cleaning the contact points of the cur~
rent and veltage regulator, plus some possible
readjustments. Clean the flat points with a
spoon or riffler file. On positive grouaded reg-
ulators, the flat point is in the upper contact
bracket; therefore, the bracket must be re-
moved for cleaning the points {Illust. 21). A
flat file cannot be used to clean flat contact
points, because it will not touch the center
where point wear generally occurs. Contact
files must not be allowed to become greasy

nor be used to file other metals, Never use
sandpaper or emery cloth to clean contact
points.

lllust. 3 - Cutout Relay Air Gap Adjustment (Three-Unit Regulator).~

158-1035B  4-64

ADJUSTING SCREWS
LOGSEN TO SET AIR GAP

Cutout Relay Unit

The cutout relay requires three checks and
adjustments: air gap, point opening and closing
voltage.

CAUTION: The cutout relay contact points must
never be closed by hand when the battery is
connected to the voltage regulator. This would
cause damage to the relay contact points and
other electrical equipment., Air gap and point
opening checks must be made with the battery
lead disconnected from the regulator.

()
N
1. AIR GAP: Hold the armature down, so the

contact points are just closed. Measure the

air gap (Illust. 3} between the armature and

center of the core. Adjust the gap according

to "SPECIFICATIONS, " par. 2 in Section 1,

Tighten the screws after adjustment.

2. POINT OPENING: Check the point opening
and adjust by bending the upper armature stop.
Refer to "SPECIFICATIONS," par. 2 in Section
1 and Hlust. 4 in this section.
N

3. CLOSING VOLTAGE: Follow the instruc- N

tions for test equipment being used, Adjust the
closing voltage by turning the adjusting screw
clockwise to increase spring tension and closing
voltage, or counterclockwise to decrease clos-
ing voltage {Illust. 5}, For NSPECIFICATIONS, "
refer to par. 2 in Section 1.

AlIR GAF :

CHECK WITH '
POINTS JUST ’ :
TOUCHING

C

A-254%4,
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UPPER ARMATURE STOP
BEND TO ADJUST POINT OPENING

POINT OPENING

A-25438

Illust. 4 - Cutout Relay Point Opening Adjustment (Three-Unit
Regulater).

Yoltage Regulator Unit

The following two checks and adjustments are
required on the voltage regulator unit:

1. AIR GAP. To check air gap, push the ar-
mature down until the contact points are just
touching and measure the air gap {Illust. 6).
Adjust by loosening the contact mounting screws
and raising or lowering the contact bracket as
required.

Be sure the points line up and tighten

Page 3

ADJUSTING SCREW
TURN TO ADJUST CLOSING VOLTAGE

fllust. 5 - Adjustment of Cutout Relay Closing Yoltage
(Three-Unit Regulator).

the screws after adjustment. Refer to "SPEC-
IFICATIONS," paragraph 2 in Section 1,

2, VOLTAGE SETTING. Turn the adjusting
screw clockwise to increase voltage setting or
counterclockwise to decrease voltage setting,
Refer to "SPECIFICATIONS," paragraph 2 in
Section 1. '

(Continued on next page.}

CHECK WITH POINTS
JUST TOUCHING

A-25427

1Must. 6 - Air Gap Adjustment, Vn[foge.Regulufor Unit {Three-Unit Regulator).
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3. ADJUSTMENTS (Three-Unit Regulator) - Continved
Voltage Regulator Unit - Continued

CAUTION: If adjusting screw is turned down
{clockwise} beyond normal adjustment range,
the spring support may fail to return when
pressure is relieved. If this occurs, turn the
screw counterclockwise until there is sufficient
clearance between the screw head and spring
support. Then carefully bend the spring sup-
port upward with small pliers until contact is
made with the screw head. Always approach the
the final setting of the unit by increasing spring
tension; never by reducing it, If setting is too
high, adjust until below required value and then
raise to exact setting by increasing spring ten-
sion,

NOTE: The voltage regulator unit must not be
set’ outside of the specified limits, except in
special cases.

Under conditions where constant high air temp-
eratures prevail, battery overcharge may occur;
this will be indicated by excesgsive use of water.
Ordinarily the battery should require water
about every 120 hours. If the voltage regulator
is properly adjusted and water must be added
more frequently than this, there is an indication
of overcharge.

ADJUSTING SCREW
[ TURN TO ADJUST SEITING

Illust. 7 - Voltage Setting, Voltage Regulator Unit {Three-Unit
Reguletor).

155-1035B  4.64

This condition can be corrected by reducing the
voltage setting slightly, If the voltage setting
is reduced, be sure to readjust the closing voli-
age of the cutout relay to approximately .5 of a
volt below the voltage regulator setting., At the
beginning of cold weather, increase the settings
of the voltage regulator and cutout relay to the
specified limits to avoid undercharging the bat-
tery.

Current Regulator Unit

I, AJR GAP: Check and adjust the air gap in
the same manner as for the voltage regulator.
Refer to "SPECIFICATIONS,!' par. 2 in Section
1 and Tlust. 6 in this section.

2, CURRENT SETTING: Check and adjust the
current setting {Illust. 7) in the same manner
as for the voltage setting. Refer to par. 2,
"SPECIFICATIONS!' in Section 1.

4. REPOLARIZING THE GENERATOR

The generator must be repolarized after tests
and adjustments have been completed. Connect
all leads, BUT BEFORE the engine is started,
proceed as follows: Using a jumper lead, touch
one end on the "GEN" terminal (on regulator)
and touch the other end to the'"'BAT!' terminal
on the regulator., The resulting flash allows a
surge of ‘current to flow through the generator
which correctly polarizes it. Reverse polarity
causes vibration, arcing and burning of the re-
lay contact points, Establishing the proper
pelarity is important.

5. OPERATION OF STEP-YOLTAGE CONTROL

The step-voltage control includes a cutout re-
lay and a step-voltage control located in a
commmon housing {Illust. 8), The purpose and
operation of the cutout relay is explained in
par. 7, "OPERATION OF CURRENT-VOLTAGE
REGULATOR."

Step-Voltage Control Unit

The step-voltage control (Illust. %) provides,
in effect, two generators; a normal output gen-
erator when the battery is low and a low output
generator when the battery is fully charged, It
utilizes an electro-magnet, which operates on
generator voltage, to insert or remove the
generator field resistance.

When the voltage reaches the value for which
the step-voltage control is set, the points open.
This inserts resistance into the generator field
c¢ircuit and the generator output is reduced.
The points remain open and the generator out-
put remains at a low value, so long as the con-

PRINTELD IN UNITED STATES CF AMERICA
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o :
. STEP-VOLTAGE \)}7\\

CONTROL UNIT

A0

Hlust. 8 - Step-Yoltage Control.

ditions of vperation remain unchanged, As soon
as the battery becommes partly discharged or an
electrical load is added to the line and the line
voltage is reduced, the points close, the gener-
ator field becomes directly grounded and the
generator output increases. There is no vi-
brating action.

6. ADJUSTMENT AND REPAIR.OF STEP-VOLTAGE
REGULATOR

NOTE: Because of the similarities on the step
voltage regulator to the two unit and three unit
regulators, the procedures for ''checking' and
iladjusting, " found in par, 3, may be followed

except when otherwise specified,

If the regulator fails to operate or if the tests
show that.the units are outside specificadtions,
check and adjust according to the procedures
given for the three unit regulator in par. -3,
TADJUSTMENTS. " Mechanical checks and ad-
justmments (air gaps, point openings, etc.) must
be made with the battery disconnected and the
step-voltage control off the vehicle.

Cleaning Contact Points

Many cases of regulator trouble can be elimi-
nated by a simple cleaning of the contact points
and, possibly, some readjustment. The cutout
relay and the step-voltage control contact points

Page 5

CUTOUT RELAY

AMMETER

SHUNT
WINDING

STEP-VOLTAGE CONTROL

LIS

<

L © or

BATTERY

GENERATOR

A-25426

Nlust. 9 - Circvit Wiring Diagram of Step-Yoltage Centrol System.

should be cleaned with a thin, fine-cut, contact
file, The contact file must not be allowed to
become greasy and should not be used to file
other metals. Be very careful in cleaning the
step-voltage contact points to avoid disturbing
the step-voltage control settings. Never use
sandpaper or emery cloth to ciean contact
points.

Cutout Relay Unit

The cutout relay requires three checks and ad-
justments; air gap, point opening and closing
voltage.

I. AIR GAP: Refer to par. 2, "SPECIFICA-
TIONS'" in Section 1 and also Illust, 10 in this
section,

2. POINT OPENING: Refer to par., 2, "SPEC-
IFICATIONS" in Section 1 and also Nlust. 11 in
this section. .
(Continued on next page.)
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6. ADJUSTMENT AND REPAIR OF STEP-VOLTAGE
REGULATOR - Centinved

Cutout Relay Unit - Continved

‘AR GAP z.»g,
CHECK WITH POINTS =
. JHELD.CLOSED % -

UPPER ARMATURE STOP |
BEND Y& ADJUST -
. o POINT GRENING: -

Ilust. 11 - Checking ond Adjusting Cutout Relay Point Opening.

3. CLOSING VOLTAGE: Refer to par. 2,
"SPECIFICATIONS'" in Section 1 and also Illust.
12 in this section, Adjust the closing voltage
by bending the armature spring post. Bend up
to increase spring tension and closing voltage,
and bend down to decrease the closing voltage.

158-1035B  4-84

YOLTAGE REGULATOR

ARMATURE SPRING POST

P BEND YO ADIUST CLOSING
) VELTAGE. o o

G L
S b e AOIOE

S S i it e v e |

Hlust. 12 - Adjusting Cutout Relay Closing Voltage,

Step-Voltage Control Unit
CHECKS AND ADJUSTMENTS

Five checks and adjustments are required on the
step-voltage control unit: flat spring tension,
air gap, armature travel, point opening and
voltage setting. The various points of adjust-
ment and the posts and stops which must be bent
to make adjustments, are shown in Ilust, 13,

sTOP .
' CONTACT 5PRING

3 PosT

- LOWER
ARMATURE

N BWER SPRING
HANGER

| A25506
Hfust, 13 - Places to Adjust on the Step-Voltage Contral.

1. FLAT SPRING TENSION: The flat spring
tension determines the amount of pressure be-
tween the step-voltage contact points. This
spring tension must be 0.8 ounces at the in-
stant the points separate. This can be meas~-
ured by pushing the armature down until the
points almost open and then using a spring
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gauge to measure the upward pull required to
open the points {[lust. 14). Adjustment can be
made by bending the flat spring.

SPRING TENSION
MEASURE PULL .
REGUIRED TO. ;
GPEN POINTS

sy

i, T T
PUSH ARMATURE DOWN
UNTIL POINTS ALMOST
OPEN TO CHECK SPRING

TENSION

IMust. 14 - Checking Step-Voltage Control Contect Spring
Tension.

2. AIR GAP, To check the air gap, hold the
armature down against the lower armature stop
by placing fingers on either side of the flat con-
tact spring, as shown in Illust, 15. Adjust air
gap by bending the lower armature stop. Ad-
just air gap as specified in par, 2, "SPECIFI-
CATIONS!" in Section 1.

AlIR GAP

CHECK WITH ARMATURE ~
HELD AGAINST LOWER ..
- . ARMATURE STOP . -

BEND TO ADJUST AIR GAF
PRI, ¢ TS T e

1Must. 15 - Checking and Adjusting Step-Voltage Control Air Gap.

3, ARMATURE TRAVEL. To check the ar-
mature travel, release the armature so that it

Page 7

moves up against the upper armature stop and
then measure the gap or armature travel be-
tween the armature and lower armature stop
(lust. 16). Adjust armature travel by bending
the upper armature stop. Adjust armature
travel as specified in par. 2, "SPECIFICATIONS'
in Section 1.

UPPER ARMATURE 5TOP
BEND YO ADIUST
ARMATURE TRAVEL

)

-ARMATURE TRAVEL
CHECK BETWEEN ARMATURE
 ANB LOWER ARMATURE 5707

[Hust. 16 - Checking and Adjusting Step-Veltage Control
Armature Travel.

4, POINT OPENING. Hold the armature down

against the lower armature stop by placing your

fingers on either side of the flat contact spring

and measuring the contact point opening (Illust.

17}). Adjust point opening by bending the con-
{Continued on next page.)

\““_‘W\M § J '-?‘ b s

POINT OPENING ™™ . ==l "
CHECK WITH ARMATURE CONTACT SPRING POST
'HELD AGAINST LOWER BEND TO ADJUST POINT QPENING E
.. ARMATURESTOP [0S T N ) i I

I
i

Ilust. 17 - Checking and Adjusting Step-Voltage Control Contact
Peint Opening.
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6. ADJUSTMENT AND REPAIR OF STEP-VOLTAGE
REGULATOR - Continved
Step-Yoltage Control Unit - Continued

tact spring poat., Adjust point opening as speci-
fied in par., 2, "SPECIFICATIONS" in Section 1.

5. VOLTAGE SETTING.
as follows:

Check voltage setting

(a) Opening Voltage Adjustment. The volt-
age at which the step-voltage control con-
tacts open is adjusted by bending the lower
spring hanger (Illust, 18). Bend down to
increase spring tension and opening voltage
and bend up to decrease the opening volt-
age. Adjust opening voltage as specified in
par, 2, "SPECIFICATIONS' in Section 1.

(b) Closing Voltage Adjustment, The volt-
age at which the step-voltage contrel con-
tacts will close is adjusted by adjusting the
air gap (Illust, 16), Increasing the air gap
increases the closing voltage, while de~
creasing the air gap lowers the closing
voltage, After this adjustment, it may be
necessary to slightly readjust the contact
point opening in order to keep it within
specifications (par, 2, "SPECIFICATIONS"
in Section 1},

NOTE:  Check the polarity of the generator and,
if necessary, repolarize as described in par, 4.

LOWER SPRING HANGER
% 'BEND POWN TO INCREASE DPENING VOLEAGE
BEND U® TO DECREASE OPENING VOLTAGE

#2542

Ilust. 18 - Opening Voltage Adjustment Step-Yoltage Control.
155-10358 454

7. OPERATION OF CURRENT-VOLTAGE REGULATOR

The combined current-voltage type or two unit
regulator protects the battery by providing
better control during long periods of continuous
duty. For example, when the equipment is fre-
quently operated for days or weeks at a time
with no electrical load other than the igniticn
coil and occasional cranking,

Although the combined current-voltage regu-
lator is somewhat similar in appearance and
construction to conventional voltage regula-
tors, the two types are not interchangeable
because of the difference in the wiring cir-
cuits. For the same reason, special testing
procedures are also necessary. Follow the
manufacturer’s instructions furnished with
the testing instruments to be used.,

The charging circuit consists of the battery,
generator and combined current-voltage reg-
ulator. (See Illust, 19.,) The combined cur-
rent-voltage regulator consists of two units,
a cutout relay and a combination current-
voltage regulator,

The combined current-voltage regulator is
used in conjunction with a third brush genera=-
tor to prevent excessive output when the bat-
tery is fully charged,

Cutout Relay Operation

The cutout relay points are open when the gen-
erator is not operating, thus preventing the bat-

' DelcoRety

MADE B U 34

CUé RENT-VOLTAGE
REGULATOR

RUBBER SHOCK

MOCUNTING
© iA-25434,.

| CUT-QUT RELAY

lust. 19 - Combined Current-Yoltage Regulator.
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. 3
BATTERY CUTOUT RELAY REGULATOR \)‘
[ o q-llb (" SHUNT WINDING 4
1 = \\ L ] L g
=] ' ‘% . Cta] . ? o
g i 2. =
= ' ¢ @
2 G =1
. i
GENERATOR
A-25433

llust. 20 - Wiring Circuit of Combined Current-Yoltage Regulator.

tery from discharging through the generator.
When the generator begins to operate, the volt-
age builds up in the two relay windings, the
geries winding and the shunt winding, and this
creates two magnetic fields which, working to-
gether, overcome the armature spring tension
and close the points.

The shunt winding is the working coil and does
most of the work in attracting the armature,
With the point closed, the circuit between the
generator and the battery is complete. Cur-
rent flowing from the generator to the battery
passes through the series winding of the relay
in the proper direction to add to the magnetism
which holds the points closed,

When the generator slows or stops and the
battery voltage is higher than the generator
voltage, current flows from the battery to the
generator. It flows through the shunt winding
in the same direction as before, but the direc-
tion of current flow through the series winding
is reversed, and this causes the magnetic fields
of the two windings to oppose each other. As
a result, the total magnetic field is no longer
strong enough to hold the armature down and
the spring tension pulls the armature away
from the winding core and the points open,
breaking the circuit between the battery and
the generator.

Current-Yoltege Regulator Action

The combined current-voltage regulator con-
sists of a voltage-sensitive shunt winding and

a current-sensitive series winding wound on
the same core. Both windings work together
to insert a resistance in the field circuit. This
regulator is of the vibrating type. Due to the
added safety feature of preventing excessive
overcharging, the charging rate will never ex-
ceed 50% of generator capacity regardless of
battery condition.

A feature of the combined current-voltage reg-
ulator is that the generator output increases as
the electrical load is added to the "L" terminal
of the regulator, Since the load current by-
passes the regulator current winding, it has no
effect on the battery charging rate as long as
the total load does not exceed the maximum out-
put which is controlled by the third brush of the
generator at operating speed.

8. ADJUSTMENT AND REPAIR OF CURRENT-YOLTAGE
REGULATOR

NOTE: Because of similarities in the two unit
and three unit regulators, the procedures for
'checking" and "adjusting' are common for both

(Continued on next page.)
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8. ADJUSTMENT AND REPAIR OF CURRENT-VOLTAGE 3. CLOSING VOLTAGE: Refer to par. 2, Q
REGULATOR - Continuved WSPECIFICATIONS'" in Section 1 and to Illust.

24 in this section.
If the regulator fails to operate or if tests show
that the units are outside specification, check R
and adjust according to the procedures given ' ' ‘
for the three unit regulator in par, 3, "ADJUST-
MENTS. "

AIR GAP
CHECK WITH FOINTS
., 1UST TQUCHING

To avoid damaging the wire-wound resistor be-
neath the base, be careful in removing and re-
placing the cover. In order that a good seal
will be obtained, be sure the rubber gasket is
compressed before the cover tangs are forced
over.

H

[
Cleaning Contact Points P B P

i * ! ADJUSTING SCREWS .
. LOOSEN 10 5E7 AlR 'GAR. .
For cleaning the contact points, refer to the ' S
instructions given in par. 3 and to Illust. 21.

i
!
P A-25428
i
e
L (_{‘_{é?jr;'.’h .

= :
-

Hlust. 22 - Cutout Relay Air Gap Check and Adjustment.

UPPER CONTACT U
SUPPORT
.-‘.I R - -
i i ST
|
\ ! :
s L -
: b
INSULATORS A-25423 bt
;.>;<' N :‘. 5
[Hust. 21 - Disassembly of Upper Contact Support for Cleaning f: ) 3‘

or Replacement.

UPPER ARMATURE STOP S
BEND TG ADJUST POINT OPENING :

C

Cutout Relay Unit

The cutout relay requires three checks and e
adjustments; air gap, point opening and closing ’
voltage. The air gap and point opening adjust- i
ments are made with the battery disconnected, j

1. AIR GAP: Refer to par. 2, "SPECIFICA-
TIONSY in Section 1 and to Illust, 22 in this
section.

} T ox ST ‘ POINT OPENING
Z. POINT OCPENINGS: Refer to par. 2, "SPEC- B s T s L Lk L
IFICATIONS" in Section 1 and to Illust. 23 in U
this section. Hlyst, 23 - Cutout Relay Point Opening Check and Adjustment., b

15510358 4-64

PRINTED 1N UNITED STATES OF AMERICA



YOLTAGE REGULATOR

Section 16

ADJUSTING SCREW
. _TURN-TO. RDJUST CLOSING VOLFAGE

O

T e o nAC25429:

illust. 24 - Adjustment of Cutout Relay Closing Voltage.

Current Yoltage Unit

The current-voltage unit requires two checks
and adjustments; air gap and voltage setting.

1. AIR GAP: Refer to par. 2, "SPECIFICA-
TIONS" in Section 1 and to Tllust. 25 im this
section.

2. VOLTAGE SETTING: Refer to par. 2,
NSPECIFICATIONS" in Section 1 and to Illust,
26 in this section,

g e g R S g i g
1\%%3%“ Pl

SF

THENAIR GAP
“CHECK WITH POINTS

CONTACT MOUNTING SCREWS

LOOSEN TO SET AJR GAP SIUST TOUCHING . ]

- * N . . . _5
N s Dtk A25430

Mlust, 25 - Current-Yoltage Unit Air Gap Check and Adjustment.

Page 11

ADJUSTING SCREW
TURN TO ADJUST SETEING

Ilust, 26 - Adjusting Yoltage Setting of Current-Voltage
Regulator Unit.

CAUTION: K the adjusting screw is turned
down {clockwise) beyond the normal range re-
quired for adjustment, the spring support may
fail to return when pressure is relieved. If
this occurs, turn screw counterclockwise until
there is sufficient clearance between the screw
head and spring support; then, carefully bend

‘spring support upward, with small pliers, until

contact is made with screw head. Final setting
of the unit must always be made by increasing
spring tension, never by reducing it. In other
words, if setting is found to be too high, the
unit must be adjusted below the required value
and then raised to the exact setting by increas-
ing the spring tension. Be sure that the screw
ig exerting force on the hanger,

Regulator Spring Replacement

When the current-voltage unit is out of adjust-
ment or requires spring replacement, the fol-
lowing procedures must be followed:

When installing a new spring, be careful to
avoid bending or distorting the spring supports
or armature hinge, Preferably the spring
should be hooked at the lower end first and
then stretched upward {by means of a screw=-
driver blade inserted between the turns or

by the use of any othe? suitable tool) until the
upper end of the spring can be hooked. Do

not try to pry the upper end of the spring over

{Continued on next page.)
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C

8. ADJUSTMENT AND REPAIR OF CURRENT-VOLTAGE Replacing Contact Support Bracket
REGULATOR - Continued

The current-voltage unit contact support

Regulator Spring Replacement - Continued bracket can be replaced by following the dia-
gram shown in Illust. 21. New bushings must
the spring support. Adjust as described under always be used when installing a contact support
"VOLTAGE SETTING OF CURRENT-VOLTAGE  bracket, since the old bushing may be distorted
UNIT, " or damaged.

15510358 4-64
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IGNITION COIL '
1. DESCRIPTION 2. REMOYAL

The ignition coil transforms the low voltage of
the batteries or generator into high voltage
sufficient to jump the gap at the spark plugs.

There are two windings in the coil. The pri-
mary winding is composed of a comparatively
few turns of heavy wire wound on the outside of
the secondary winding. The secondary winding
is composed of many thousands of turns of fine
wire,

Unless the coil is hermetically sealed, mois-
ture, rain, snow and road splash, and high
pressure washing, particularly when the en-
gine and the coil are hot after working, will
decrease the service that could otherwise have
been expected.

Remove the electrical leads from the coil,
tagging each to facilitate correct replace-
ment. Rermove cap screws which secure the
coil, o

3. INSPECTION AND REPAIR
Clean the terminals and lead ends. No repairs

should be atternpted if the coil is inoperative;
replace with new.

4, INSTALLATION

Install the coil in the reverse order of removal,
Make sure the connections are secure,

SPARK PLUGS

5. DESCRIPTION

Spark plugs are made with a central electrode
imbedded in porcelain or mica insulation which
is securely clamped in the metal spark plug
body. Attached to the lower end of the spark
plug is the grounded electrode. The two elec-
trodes are separated by the spark gap.

The function of the spark plug is to furnish a
spark which jumps the gap and ignites the mix-
ture of fuel and air.

A copper gasket is placed at the threaded end
when the spark plug is screwed into position,

NOTE: Never touch the spark plugs or the
spark plug high tension cables while the engine
is operating,

6. REMOVAL
1. Disconnect the spark plug cables.

2. Unscrew the spark plugs with a spark plug
wrench and remove the spark plugs and gas-
kets. These gaskets are compressible and
are intended for.use one time anly.

7. INSPECTION AND REPAIR

1, Sand blasting is the recommended method
of cleaning spark plugs, but do not expose the
plug to the sand blast for more than three or
four seconds or the insulator could be dam-
aged, Plugs that are greasy or oily should be
cleaned in a solvent and dried thoroughly.

2. Never use any cleaning material on the in- I
sulation that may crack or chip it, Such cracks
or chips will provide a recess for carbon de-
posits and provide a path for leakage of high
tension current to ground.

{Continued on next page.}

I||1_.151': 1 - Checking Diesel Engine Spark Pl_ug Guap.
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SPARK PLUGS

7. INSPECTION AND REPAIR - Continved

3. Do not scrap or use a wire brush to clean
the insulator or electrodes. Wire brushing
spark plug electrodes will load the firing bore
with electrically conductive metal particles
from the brush and cause misfiring,

4, Never bend the center electrode as this
will cause straining or cracking of the porce-
lain insulator. Before setting the gap on a
used plug, file the center electrode flat across
the end (of those that have the ground electrode
located directly above it} and use a wire gauge
. to measure the gap. (Hlust. 1.)

5. Do not use lubricants or graphite on threads
of spark plugs.

.6, When removing or installing spark plugs,
use only a correctly fitting socket wrench. An
end wrench can easily slip and break the por-
celain.

7. Do not screw a cold spark plug tightly into
a hot cylinder head., Allow the cylinder head
to cool first.

8, I a spark plug is thought to be faulty, it
should be tested in spark plug tester.

INSPECTION

REMEDY

) . Inspect for cracked or blistered porcelain,

Inspect for dirty or worn electrodes,

Check gap between electrodes,

1. Replace spark plugs as necessary,

2. Clean dirty electrodes by scraping, brush-
ing or sand blasting. Replace spark plugs
having excessively burned electrodes.

3. Adjust (Refer to "SPECIFICATIONS," Section
1). Use a round wiregap gauge and pliers.

liust. 2 - Broken Insulator (Careless:
Handling).

J$5-10358  4-64

Illust._ 3 - Carbon Coating {Rich Mixture,
0il Pumping or Cold Plug).

illust: 4 - Streaked Insulator Tap (Blow-By).
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Page 3

SPARK PLUGS

AZG031

Hlust. 5 - Split Insvlator (Bending Center
Electrode).

8. INSTALLATION

1. Before installing the spark plugs, clean the
seat around the spark plug holes in the cylinder
head.

2., Check the spark plug gaps (Ilust. 1).

3. Screw the spark plugs into the cylinder head
using a new copper gasket with each one, Tor-
que according to "SPECIFICATIONS", Section
1,

Hlust. & - Badly Burned (Pre-Ignition
or Poor Cooling).

A-20032

1llust. 7 - Worn Side Electrode (Loose
Plug or Too Hot).

In the absence of a torque wrench, tighten a
spark plug finger tight and 3/4 of a turn addi-
tional with a deep socket wrench.

NOTE: The plug gasket must be compressed
to seal properly and when properly torqued,
the transfer of heat from the plug to the cylin-
der head will keep the plug cool and avoid the
possibility of pre~ignition. Excessive torque
causes distrosion of the plug shell; often
causes the porcelain to crack or change the

plug gap.

4, Connect the spark plug cables in the proper
firing order.

STORAGE BATTERY

9. GENERAL

The purpose of the storage battery is to pro-
vide energy for starting the engine and to sup-
ply, for a limited period of time, electrical
loads exceeding the output of the generator.

The amount of energy that a fully charged bat-
tery can produce depends primarily upon the
size and number of the plates.

The total energy that a good battery can pro-
duce when at full charge is indicated by its
ampere hour rating. A 120 ampere hour bat-
tery has greater capacity for storing energy
and doing work than a 100 ampere hour battery
because the 120 ampere hour battery has
larger plates or a greater number of plates.

The ampere hour rating of a battery is usually
stamped or printed on the battery case,

A battery must be maintained at not less than
3/4 full charge in normal operation in the trac-
tor or power unit, If it-is found that the battery
ig less than 3/4 charged, it is almost certain
that some condition exists which must be cor-
rected,

10. COMMON CAUSES OF BATTERY FAILURE
1. Resistance in the charging circuit.

2. Defective generator or slipping generator
drive belt.

3. Improper regulator adjustment, or faulty
regulator.

4, Overload due to defective starting system,

"or excessive use of accessories,

(Continued on next page.)
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STORAGE BATTERY

10. COMMON CAUSES OF BATTERY FAILURE - Continued

5. Dirt and electrolyte on top of battery caus~
ing a constant drain.

6. Hardened battery plates, commonly called
"sulphation, ' due te the battery being in a low
state of charge over a long period of time,

7. Physical defects such as shorted cells,
loss of active material from the plates, broken
terminals, etc,

It is important to note that, of the seven com-
mon causes of battery failure listed above, the
first five causes are outside the battery, Any
one of these conditions will result in a battery
being at less than normal state of charge.

The sixth cause listed can result from any one
of the first five causes. That is, sulphation
gccurs when any condition causes the battexry

to be undercharged for long periods of time.
When a battery becomes sulphated, it will not
accept a normal rate of charge and also, its
capacity decreases, Sulphation can usually he
overcome by prolonged slow charging or by dis-
charging the battery completely, letting it stand
discharged for 6 to 12 hours, and then recharg-
ing it slowly,

The causes of battery failure listed in par. 10,
sub-par. 7 are the defects that can occur in
the battery itself. If shorted cells or loss of
active material from the plates occurs when
the battery has been in service for less than
its guaranteed life, it is wsually a result of
overworking or overcharging of the battery,
Cracked cases, broken terminals and, also,
shorted cells can be caused by irnproper handl-
ing of the battery or a faulty battery carrier in
the tractor or power unit,

NOTE: When a battery fails, do not be satis-
fied to merely recharge or replace it, find the
cause of failure to prevent recurrence.

11. BATTERY VISUAL INSPECTION

The battery must always be very carefully in-
spected before the actual testing is done. Many
undesirable conditions can be seen and cor- -
rected before they result in battery failure.
Other visible indications are very important
when analyzing the hydrometer readings.

1. Inspect the battery case for cracks and
leaks,

2. Inspect battery posts, clamps and cables

for breakage, loose connections, corrosion
and other faults,
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3. Note whether the top of the battery is clean
and dry. Dirt and electrolyte on top of the bat-
tery causes excessive self~discharge.

4, Be sure that the cell vents are open,

5. Be sure that the battery carrier is solidly
mounted and in good condition, and that the
battery hold-down is properly tightened., A
loose battery carrier or battery hold-down will
allow the battery to be damaged by vibration

and jarring. An excessively tightened battery
hold-down may buckle or crack the battery case.

6. Inspect battery for raised cell covers or
warped case which may indicate that the bat-
tery has been overheated or overcharged at
some time.

7. Inspect electrolyte level. If electrolyte is
below the top of the plates, add water. If not
below the plates, make hydrometer test before
adjusting electrolyte level.

8. Note the ampere hour rating of the battery
{usually stamped on the case)., If not indicated,
refer to the manufacturer's specifications for
battery capacity.

NOTZ: Make battery visual and hydrometer
tests, then refer to battery test indications
and recommendations (par. 15).

12. SPECIFIC GRAVITY TEST

A hydrometer is used to test the specific grav-
ity (weight} of the battery electrolyte. The
weight of the electrolyte indicates the approxi-
mate state of charge of the battery., A temp-
erature corrected hydrometer must be used
when testing specific gravity of battery fluid,
sa that the hydrometer readings can be cor-
rected for the effects of temperature and the
true specific gravity determined.

NOTE: If water has been recently added to the
cells or the battery fast-charged, the hydrom-
eter reading will be false,

1. Remove cell caps, being careful to keep
dirt out of cells.

2. Draw enough fluid into the hydrometer from
one cell to raise the float off the bottom of the
tube, but not enough for the float to touch the
top of the tube.

3. Hold the hydrometer atraight so that the
neck of the float does not touch the sides of the
tube, and take the reading at eye-level,

PRINTED IN UNITED STATES OF AMERICA

o

S

)



& IGNITION COIL, SPARK PLUGS AND BATTERY Section 17

, Page 5
(\ STORAGE BATTERY

’ 4, Return all the fluid from the hydrometer to Specific gravity readings vary .025 or more
the cell being tested and record the reading for between cells - Loss of acid or defective cell.
that cell. _

CAUTION: Some tractor batteries and "'stay-

5. Test the remaining cells in the same man- full" type batteries have approximately 20
ner. Then note the reading on the thermome- points lower specific gravity at any given state
ter on the side of the hydrometer and correct of charge than standard batteries, Refer to
to standard reading at 80° F by referring to the  manufacturer's specifications for proper in-
following table. formation.

At the top of the table find the column headed

by the temperature nearest to the electroiyte 13. FREEZING POINTS OF ELECTROLYTE
temperature; find in that column the figure
nearest the observed Specific gravity reading The electrolyte of a battery will sta.rt to freeze
o and trace horizontally across to the 80° F col- {first ice crystals begin to appear in the elec-
e wmn. The figure in the 80° F column is the true trolyte although it does not freeze golid until a
electrolyte specific gravity and must form the lower temperature is reached) approximately
basis for any adjustment. as indicated below (specific gravity readings

corrected to 80° F):

e 20° ° o o L] R
0°F |20° 5 |40° F | 80° F [100° F[L10°* F|120°F) Freezes at ~ 90° F

Freezes at - 62° F

1.280 sp. gr. .
. Freezes at -~ 16° F

. 1.250 sp, gr.
1,251 |1.243 |1.23611,220(1.213|1.209(1.205] 1,200 sp. gr.
1,261 (1.253|1.24611,230|1.223|1.219 1.215 1.150 sp. gr.
1.271{1.263 |1.256 [1,240(1,233|1.2291.225| 1,100 sp. gr.
1,28111.273|1.266 |1,250(1.243 (1,239 [1.235
1,291{1.28311.276 |1,260|1,252|1.248 1,245
1.301 1,294 {1.286 11,270 |1.262 [1.258 11,255 14, EFFECT OF LOW TEMPERATURES ON BATTERY
1.312}1.304 [1.296 [1.2801.272|1.268|1.265| PERFORMANCE.

Freezes at+ 5°F
Freezes at + 19° F

. s = ¢ &
« ® v 4 ®
* e 2 o+ *
« e & ¥ @

)

Battery capacity is greatly reduced by cold, as

Test Indications cold has a decided numbing effect on the
electro-chemical action in the battery. The

i.250 to 1.290 specific gravity - normal state following comparison indicates the reduction

of charge. in the cranking power of a fully charged battery,
when the temperature of the electrolyte drops

1,290 specific gravity or above - Possible from B80°F to 32°F and to 0*F.

overcharging; voltage regulator setting and

regulator ground must. be tested, 80° F I 100% |

Less than 1,250 specific gravity - Under- 32°F | 65% |

charged; entire charging system must be

tested, 0°F

O 15. BATTERY TEST INDICATIONS AND: RECOMMENDAT!ON

POSSIBLE CAUSE RECOMMENDATIONS
SPECIFIC GRAVITY The battery is overcharged. See NOTE 2 on next page.
ABOVE 1.290 '
SPECIFIC GRAVITY .The battery is undercharged. Recharge to full specific gravity,
BELOW 1,225 See NOTE 1 on next page.
LOW TEMPERATURE Low temperature reduces capacity by retarding chemical reaction,

Slow-charge battery until temperature is at least 60°F and recheck
specific gravity.

“tained above approximately 1.240 specific gravity. Cycle the bat-
tery by discharging completely with & lamp load, then rechargmg
at a very slow rate, See NOTE | on next page.

{Continved on next page.)

O HARD PLATES Battery plates become hard (sulphated} if the battery is not main-
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15. BATTERY TEST INDICATIONS AND RECOMMENDATIONS - Continved

POSSIBLE CAUSE RECOMMENDATIONS

NEW BATTERY Sometimes a‘new battery does not reach full capacity until in normal
use for 60 to 90 days. If necessary, as in cold weather, the battery
can usually be brought quickly to full capacity by cycling.

WORN OUT A battery gradually loses active material from the plates in normal
use, and more rapidly if overworked. When too much active ma-
terial has been lost, the battery cannot be depended upon for cold
weather starting or other severe operation even when fully charged
and can be considered to he worn out.

DEFECTIVE CELLS A defective cell or cells will result in low capacity and is indicated
by wide variation in specific gravity readings between cells,

NOTE 1: A battery must be maintained at a specific gravity of at least 1,250 to prevent sulpha-
tion (hardening} of the battery plates, to assure cold weather starting and normal battery life.
Undercharging can be caused by low voltage regulator setting, high charging circuit resistance,
high cranking motor amperage draw, faulty generator or generator drive belt, excessive use of
accessories, etc.

NOTE 2: Overcharging of a battery can be caused by high voltage regulator setting or the bat-
tery being exposed to abnormally high external temnperatures. Overcharging is indicated by ex-
cessive use of water, extremely high specific gravity and eventually, raised cell covers and
warped battery case.
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