


FOREWORD

'fre Mc-tntenonceand Repair Manual is especially designed for use by me=hcmics.The
material is arranged for easy reference and logical sequence of detail. The first section '
contains brief instructions on how to operate the machine, its specifications, and torque
chart. (For a more complete explanation, refer to the Operator's ManuaL>

The greatf!r portion of the manual pertains to disassembly, service, and reassembly. Each
major mechanical division is dealt with individually. For example: The disassembly, serv­
ice, and reassembly of the radiator group is discussed as a unit. The same is true of the en­
gine and engine accessories, the final drives and so on throuqhout the ~ntire ill'2:chanical
detail of the machine. Thus, if you have a repair problem on your machine, all material per­
taining to that part or parts will be grouped together in one section, ready Ior your quick
reference and use.

The illustrations used in this manual c,e typical of the componentshown and do not nee­
esscrily refer to anyone pcrti.nnormachine.
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To save you time and also
make it easy for you to find the
information needed, each section
in this manual has been indicated
with a tab.

To quickly find each section,
follow these two steps:

1. Hold manual in your right
hand ... flex book (as illu­
strated in figure, 1) so you
can see corresponding black
tabs p~nted down right hand
edges of inside pages.

2. Slide thumb down edge of
manual to section desired ...
and open (see figure 2.)
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FIGURE A-2. POWER SHIFT TRANSMISSION DRIVE SYSTEM
1. Engine
2. Generator
3. Transmission

4. Drive Shaft
5. Transfer Case
6. Output Pinion

7. Differential
8. Final Drive Pinion
9. Final Drive Gear

transfer case to the pinion. The output pinion is in
...w:ith the rin~1Jear on the differential. The
tion is carried from the ¢utput pinion through

the ring gear and differential to the final drive
pinions and final drive gears to the axles and
wheels.
STEP GEAR TRANSMISSION
The rotating engine flywheel is attached to and

drives the generator rotor and the secondary fly­
wheel which is attached to the rear of the gen­
erator rotor. The transmission clutch is attached
to and driven by this flywheel.
Power is transferred from the secondary fly-

FIGURE A-3. STEP GEAR TRANSMISSION DRIVE SYSTEM
1. Engine 4. Transmission 8. Differential
2. Generator 5. Drive Shaft 9. Final Drive Pinion
3. Flywheel Clutch 6. Auxiliary Transmission 10. Final Drive Gear

7. Output Pinion

wheel, through the engaged clutch to the trans­
mission. From the transmission, power goes to the
auxiliary transmission at the rear of the machine
by means ofa drive shaft.
The spiral bevel pinion on the auxiliary trans­

mission output shaft drives the spiral bevel ring
gear and differential assembly. The differential
assembly drives the final drive pinions which in
turn rotate the final drive gears. The final drive
gears are splined to the final drive axles and
transfer the rotation and power to the drive
wheels.

ELECTRICAL SYSTEM
When a control switch on the instrument panel

is closed, or when the steering wheel is turned,
the main switch (in the circuit between the gen­
erator and the motor controlled by the closed cir­
cuit) is closed and the motor operates.
While the motor is operating the motor brakes

are automatically released. As soon as the opera­
tion ceases the brakes are automatically engaged,

thereby holding the load. Electric current is al­
ways available when the engine is running and
the generator is excited. <D.C.main switch on.)
Keep the engine operating at as near idle as

possible when operating any of the a.c. electric
motors. This assures that maximum efficiency is
being obtained.

FIGURE A-4. ELECTRICALSYSTEM
1. Batteries
2. Generator
3. Rectifiers

4. Transformer
5. Instrument Panel
6. Switch Panel

A-4

7. Motor
8. Conductor
9. D.C. Field Breaker Switch



GENERAL

PREPARING NEW UNIT FOR OPERATION
Check temperature and pressure of oil in the

power shift transmission.Inspect machine thoroughly for external ap­
pearance and possible damage or theft during
shipment. Report any damage or shortage to rail­
road or carrier.
Remove all processing, protective material or

packing used to condition the machine for ship­
ment. Detach tools or bundles wired to the ma­
chine. Check condition and amount of tools
against packing list.
Check all lubrication points.
Check level of fuel oil in supply tank.

ENGINE AND ACCESSORIES
Fill radiator, check coolant. (Anti-freeze in

winter.)
Check drive belt adjustments.
Drain off small amount of fuel from the fuel fil­

ters to remove water or sludge.
Check oil level in air cleaners.
Check for water, oil, fuel or air leaks, before

starting and during operation of engine.
Refer to engine manufacturer's manual for ini­

tial starting instructions.
Check engine shut-off control (if equipped).
Start engine, observe operation. Check for any

unusual noise or abnormal engine performance.
Check engine oil pressure at pressure gauge on

instrument panel.
Check temperature of coolant at temperature

gauge.
TRANSMISSION
Check power shift transmission oil level. Refer

to Section "K" for correct procedure.
Check flywheel clutch adjustment (step gear

transmission only).
Check oil level of step gear transmission.
Check transmission for correct operation at all

speeds.

FINAL DRIVES
Check oil level in final drive and ring gear com­

partments.

BRAKES
Check for air leaks in air brake lines.
Check brakes for proper operation.

WHEELS AND TIRES
Check tire pressure (at atmospheric tempera­

ture). See Section "H" for correct tire pressures.
Check wheel bolts for tightness. Check each

shift for first few days of operation and then inter­
mittently thereafter.

ELECTRICAL SYSTEM
Check all electrical connections for tightness.
Check level of electrolyte in batteries.
Check specific gravity of battery electrolyte.
Check operation of lights and accessories.
Check ammeter on instrument panel. The am-

meter should show a charge with no load on the
electrical system and the engine at high idle m.c.
main switch on).
Check operation of limit switches and A.C. elec­

tric motors.

MISCELLANEOUS
Check air pressure gauge on dash panel. For

proper operation the air pressure should be from
90 to 120 pounds per square inch for the Tourna­
pull with scraper, and between 130 and 145
pounds per square inch for the Tournapull with
rear dump.
Hookup wire ropes to trail units.
Check trail unit hitch bolts for tightness. Check

each shift of operation for the first few days and
then intermittently thereafter.

OPERATING INSTRUCTIONS
The instructions which follow are intended to

acquaint the mechanic with the instruments and
controls and their proper use in operating the
Model BTournapull and trail units.
It is imperative that the mechanic understands

the function and operation of each of the instru­
ments and controls. This knowledge is essential
for the proper maintenance and safe operation of
the machine, which will give longer machine life
with less unproductive down time.

CRANKING MOTOR SWITCH
Instrument Panel

For machines with Cummins engines, the crank­
ing motor switch also closes the circuit to the fuel
shut-off solenoid which controls the flow of fuel

The cranking motor switch (l) opens and closes
the circuit to the cranking motor solenoid. Press
the switch to operate the cranking motor. The
cranking motor delivers the initial momentum to
the engine necessary for its starting.

to the engine injectors.
FRONT LIGHT SWITCH
The front light switch (2) controls the front

A-5



1. Cranking Motor Switch
2. Front Light Switch
3. D.C. Main Switch

FIGURE A-5. INSTRUMENT PANEL
4. D.C. Main Switch Warning Light 8. Engine Temperature Gauge
5. Rear Light Switch 9. Air Pressure Gauge
6. Steering Motor Warning Light 10. Engine Oil Pressure Gauge
7. Air Horn Control Valve 11. Ammeter

12. Key Switch
13. Transm ission Temperature Gauge
14. Transmission Oil Pressure Gauge

lights. The light switch is a three position, toggle
type switch. The switch is off when toggle is cen­
tered. The lights are of the double filament type
with a high and a low beam. Move the toggle up
for high beam and down for low beam.

D.C. MAIN SWITCH
The D.C. main switch (3) opens and closes the

24 volt basic excitation circuit to the a.c. gen­
erator. When the toggle is to the left, the circuit is
closed (on), when the toggle is to the right the
circuit is open (off). The switch must be on before
any of the a.c. electric motors can be operated.
Open the switch when idling the engine for long
periods to prevent unnecessary drain on the stor­
age batteries.

D.C. MAIN SWITCH WARNING LIGHT
The D.C. main switch warning light (4) remains

on at all times when the D.C.main switch is on.

REAR LIGHT SWITCH
The right light switch (5) controls the light on

the trail unit. Lift the toggle up to turn on the
light, push the toggle down to turn off the light.

STEERING MOTOR WARNING LIGHT
The steering motor warning light (6) remains

on at all times unless the temperature of the
steering motor exceeds the safe operating range.
Should the light go off, allow a short interval for
the motor to cool and the light to come on again
before resuming operation. Should the light con­
tinue to go off at short intervals, the trouble
should be located and corrected.
AIR HORN CONTROL VALVE
The air horn control valve (7) operates the air

horns which are located under the hood. Press
in on the valve to operate the horns.

A-6
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ENGINE TEMPERATURE GAUGE
The engine temperature gauge (8) indicates the

temperature of the coolant in the engine's cooling
system. The temperature range after the engine
has been warmed up and is operating under nor­
mal conditions should be from 160 to 1850 F.

AIR PRESSUREGAUGE
The air pressure gauge (9) indicates the amount

of compressed air in the air supply tank, in pounds
per square inch. Correct operating pressure for
the Tournapull with scraper is 90 to 120p.s.i.. and
130 to 145p.s.i. for Tournapull with rear dump.

ENGINE OIL PRESSUREGAUGE
The engine oil pressure gauge (10) indicates

the pressure, in pounds per square inch, of the
oil in the engine's pressure lubricating system.
Normal operating pressure, after engine warm up,
and at operating speed is as follows:

GM 6-110 .. 25 p.s.i.
Cummins NRTO-6-BI.. 30 to 50p.s.i.

AMMETER
The ammeter (11) indicates the rate of charge

or discharge of the storage batteries. At high idle
with no load on the electrical system the ammeter
should register a charge, when the D.C. main
switch is closed.
KEY SWITCH
The key switch (2) opens and closes the 24 volt

circuit to the cranking motor switch. Also the basic
excitation circuit to the D.C. main switch. To start
engine turn the switch to the on position, complet­
ing the circuit to the cranking motor switch.
For machines with Cummins engines only, turn

key switch to the off position to stop the engine.
This opens the circuit to the fuel shut-off solenoid,
stopping the flow of fuel to the engine.



TRANSMISSION TEMPERATURE GAUGE
The transmission temperature gauge (13) indi­

cates the temperature of the hydraulic fluid in the
power shift transmission. Normal operating range
is from 100to 2500 F.

TRANSMISSION OIL PRESSUREGAUGE
The transmission oil pressure gauge (14) indi­

cates the pressure of the hydraulic fluid in the
power shift transmission. Normal operating range
is from 100to 225 pounds per square inch.

HOURMETER
The hourmeter (Fig. A-6) indicates the number

of hours of engine operation. Instructions on how
to use are as follows:
Example:
lst digit, 10,000hour track
Short hand is pointing between 1 and 2. The

first digit will be 1.
2nd digit. 1.000hour track
The next longer hand is pointing between 2 and

3. The second digit will be 2.

FIGURE A-6. HOURMETER

3rd digit. 100hour track
The longest hand is pointing between 7 and 8.

The third digit will be 7.
4th digit. 100hour track.
In order to get the last digit the outer track has

ten graduations between any two numbers. Each
graduation is equal to one hour. Again reading
the longest hand, it will be noted that it is 4
graduations past the number 7. The last digit will
be 4. The total then recorded on the hourmeter
will be 1.274hours.

Cockpit

FIGURE A-7. POWER SHIFT COCKPIT FIGURE A-8. STEP GEAR COCKPIT
1. Parking Brake Lever 4. Steering Wheel 7. Quick Release Lever 10. Transmission Control Lever 13. Auxiliary Shift Lever
2. Brake Pedal 5. Hand Throttle 8. Cold Weather Starting Aid 11. Clutch Pedal 14. Clutch Brake Pre-Select Valve
3. Accelerator 6. Motor Control Switches 9. Hydraulic Retarder Control 12. Transmission Shift Lever

PARKING BRAKE LEVER
The parking brake lever (1) operates a cable

operated, band type brake over a drum that is at­
tached to, and revolves with, the auxiliary trans­
mission or the transfer case input shaft. To apply
brake, pull lever back. To release the brake, push
lever forward.

BRAKE PEDAL
The brake pedal (2) operates a metering type

air valve controlling air flow to the wheel brakes

for slowing and stopping the machine.
ACCELERATOR
The accelerator (3) controls the rate of flow of

fuel oil to the diesel engine. To increase engine
speed, press the accelerator pedal down. To de­
crease the engine speed, release the pressure on
the accelerator pedal.
STEERING WHEEL
The steering wheel (4) operates the switches

which control the reversible a.c. electric motor,

A-7



which turns the Tournapull. To turn either right
or left turn the steering wheel in the direction of
the turn desired. The Tournapull will not auto­
matically return to the "straight ahead" position
when the wheel is released. The wheel must be
turned in the opposite direction to bring the Tour­
napull back in line with the trail unit. To stop the
turning action of the Tournapull. stop turning the
wheel. The steering motor will continue to oper­
ate, up to the limit of turn, as long as the steering
wheel is held in the turning position.
HAND THROTTLE
The hand throttle (5) is connected to the ac­

celerator linkage and may be used to maintain a
fixed engine speed without use of the accelerator.
MOTOR CONTROL SWITCHES
The motor control switches (6) control the oper­

ation of the electric motors which in turn control
the operation of the trail unit. Pushing the switch
up results in an upward or forward movement.
Pushing the switch down results in a downward
or rearward movement.
QUICK RELEASE LEVER
The quick release lever (7) operates the quick

drop assembly on the scraper body cable drum.
The lever is interconnected with the hoist motor
control switch. Pushing the lever forward releases
the quick drop permitting the scraper body to drop
free. Pulling the lever back closes a control switch
and completes the circuit to the hoist motor,which
raises the bowl. To lower the body slowly use the
hoist control switch on the control panel. The hoist
control switch can also be used to raise and lower
the body, independently of the quick release lever.
COLD WEATHER STARTING AID
The cold weather starting aid (8) is a tank type

primer for cold weather starting.
HYDRAULIC RETARDER CONTROL
The hydraulic retarder control (9) applies the

retarder when pulled back, and releases it when
pushed forward.
TRANSMISSION CONTROL LEVER
The transmission control lever (10) is used for

gear range selection on machines equipped with
power shift transmissions.
CLUTCH PEDAL
The clutch pedal (11) is a foot operated pedal

which disengages or engages the flywheel clutch

on machines with step gear transmission. Depress­
ing the pedal disengages the clutch, releasing the
pedal engages the clutch.
TRANSMISSION SHIFT LEVER
The transmission shift lever (12) extends up­

ward from the deck of the cockpit to the right of
the operator. The shift lever is used in conjunction
with the flywheel clutch to select the various
transmission gear ratios.
AUXILIARY SHIFT LEVER
The auxiliary shift lever (13) extends upward

through the cockpit deck to the right and forward
of the operator. The lever is used to select the
desired auxiliary gear range. When the lever is
forward the auxiliary is in the low range. Move
the lever to the rear for high range. See "Chang­
ing Speeds" for correct procedure.
CLUTCH BRAKE PRE-SELECTVALVE
The pre-select valve (14) delivers air pressure

to the clutch brake interlock valve to aid in up
shifting the transmission from one gear to an­
other.

FIGURE A-9. REAR DUMP HAND BRAKE VALVES
1. Tournapull Brake Valve 2. Rear Dump Brake Valve

HAND BRAKE VALVES
The hand brake valves (Fig. A-9) control the

flow of air to the Tournapull and trail unit wheel
brakes, independently of the foot pedal. By mov­
ing the left valve handle to the left (on) the Tour­
napull brakes are applied independently of the
trail unit. Bymoving the right valve handle to the
left (on) the trail unit brakes are applied inde­
pendently of the Tournapull. With both valve han­
dles moved to the right (off) the foot valve con­
trols all four brakes.

Starting the Engine
Read and follow carefully the instructions out­

lined in the engine manufacturer's manual.
Check to be sure emergency shut off control is

pushed all the way in (if machine is so equipped).
Shift transmission lever into the neutral posi-

A-8

tion. Turn on the key switch. Push left on the d.c.
main switch-press accelerator about half way
down, and press the cranking motor switch.
NOTE: Do not operate the cranking motor more

than 30 seconds at one time.
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Changing Speeds
can be obtained through all five transmission
speed ranges by combination shifting of the trans­
mission and auxiliary.
Always disengage the clutch completely before

changing gears.
A clutch brake is mounted on the transmission

countershaft to aid in shifting gears. This clutch
brake is to be used only when shifting the trans­
mission into a higher gear. Do not use when down
shifting.
To shift out of neutral into lst speed forward or

reverse use the following procedure. Depress the
clutch pedal to disengage the flywheel clutch.
Push in on the clutch brake pre-select button. Shift
the transmission into lst or reverse immediately
after pushing in on the pre-select button. This is
necessary as the clutch brake is only applied
momentarily while the transmission is in neutral.
To up shift into a higher travel speed use the

following procedure. Push in on the clutch brake
pre-select button. Depress clutch pedal. Shift the
transmission shift lever or auxiliary shift lever
into the desired position.
To down shift to a lower travel speed it is nec­

essary to "double clutch".
To "double clutch" when shifting to a lower

gear range, depress the clutch pedal and shift the
transmission into neutral. Engage the clutch (with
transmission still in neutral), accelerate the en­
gine to a speed which corresponds to road speed
in the lower gear. Disengage the clutch, shift
transmission into the lower gear range, then en­
gage the clutch and accelerate the engine simul­
taneously.
Drive down grades! Keep the transmission in

gear and the clutch engaged. Coasting with the
transmission in neutral will cause the countershaft
to spin at excessive speed far beyond the speeds
encountered during normal operation. The coun­
tershaft gears move at such a low speed in com­
parison to the mainshaft that they are unable to
provide an oil circulating pump action adequate
enough to supply the lubrication necessary for
the mainshaft gear bushings. Bushing failure will
probably result.
For smoother operation of the machine progres-

the stop. Springs release the brake after the foot
is removed from the brake pedal and the air pres­
sure is released.
Machines equipped with power shift transmis­

sions have a hydraulic retarder brake included as
part of the torque converter and transmission. A
torque limiting valve protects the transmission

POWER SHIFT TRANSMISSION
The power shift transmission may be up shifted

or down shifted with the engine at high idle re­
gatdless of the load. However, a down shift should
not be made if the MACHINESPEEDexceeds the
MAXIMUMSPEEDthat can be attained in the next
lower range. Down shifting under this condition
will overspeed the engine and cause serious dam­
age.
The transmission control lever has seven posi­

tions, 4 positions forward, neutral, and 2 posi­
tions reverse. The positions are clearly marked on
the shifting quadrant.
To select a gear range, move the control lever

to the desired position marked on the quadrant.
For smoother operation of the machine, progres­

sive shifting is recommended.Donot skip positions
when up shifting or down shifting.

STEP GEAR TRANSMISSION
Following are some suggested practices for the

operator when shifting from one gear ratio to an­
other. The actual shifting procedure to be followed
depends upon the operator's technique which will
improve with practice.

AUXILIARY MAIN
TRANSMISSIONTRANSMISSION

LOW

HIGH

FIGURE A-l1. SHiniNG DIAGRAM (STEP GEAR)

The auxiliary transmission provides intermedi­
ate gear ratios between the transmission gear
ranges. For example: transmission in first speed,
auxiliary in high range, obtains a speed between
first speed (transmission), low range (auxiliary),
and second speed (transmission), low range (aux­
iliary). These intermediate steps in speed range
A-IO

from absorbing excessive brake horsepower. How­
ever, machine speed on downgrades should not
be permitted to become so great as to overspeed
the engine in any of the gear ranges. The retard­
ing force developed by the brake is up to 6 times
greater than that available by using the engine
alone.



sive shifting is recommended. Do not skip gears
when up shifting or down shifting.
If the clutch is disengaged with the transmis­

sion in gear while the machine is coasting down­
grade, and then re-engaged again it will cause a
sudden slow down resulting in a shock load on

the transmission gears, thus causing abnormal
strain. Ultimate failure will result.
The shifting diagram (Fig. A-II) shows the va­

rious positions of the gear shift lever and auxili­
ary shift lever used to obtain the different gear
ratios.
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FIGURE A-12. TOOLS
1. Wrench-30 ToothSpline (ForAxle Nut, 8. Wrench-42 ToothSpline (For

BevelPinion,GeneratorNut and #3 Differential Adjusting Nut)
Gear BoxOutput Shaft Nut) 9. Wrench-19 ToothSpline (ForBevel

2. Adaptor-30 ToothMale and 25 Tooth Pinionand #3 Gear Box lst Reduction
FemaleSpline (ForAxle Nut) Gear Nut)

3. Adaptor-25 ToothMale and 14 Tooth 10. Adaptar-30 ToothMale and 22 Tooth
FemaleSpline (ForMotor Retainer FemaleSpline (ForGeneratorNul)
and BrakeHub Nut) 11. SpannerWrench (For #3 Gear

4. Wrench-P,4" Hex (ForWheel Bolt) BoxBearingRetainer)
5. WrenchExtension 12. Allen Wrench-V2"
6. WrenchHandle-19 ToothSpline 13. Adaptor-30 ToothMale and 30 Tooth

(For # 3 Gear Box lst Reduction FemaleSpline (ForBevelPinionand
Gear Nut #3 Gear BoxOutput Shaft Nut)

7. Adaptor-16 ToothMale and 11 Toath 14. Wrench-l %" Socket(For
Female(UseWith #6) Kingpin Ball Cap)

15. Wrench-42 Tooth Spline
(ForKingpin TopNut)

16. Hydraulic Tire RemovalTool
17. Tire RemavalBar
18. Tire RemovalRatchet
19. Adaptor-Valve Stem
20. BoxWrench-12 Point,%" xl"

(ForGeneratarTo PrimaryFlywheel)
21. Wrench---{ForElectricMotor Brake)
22. SteeringMechanismTaperheadWrench

(Left and RightHand)
23. TransmissionClutch Shaft

LocknutWrench
24. Quick ReleaseDrumLocknutWrench

A-ll
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TORQUE CHART
LOCATION TORQUE

A.C.Motor Bearing Retainer Nut __ __ 350 Ft. Lbs.
A.C.Motor Hub Locknut - 300 Ft. Lbs.
Air Brake Mounting Capscrews ---- ----------__ 190 Ft. Lbs.
Air Brake Retainer Ring ToBacking Plate Capscrews _ 30 Ft. Lbs.
Differential Cage Capscrews _ ---- ------_ 285 Ft. Lbs.
Differential Carrier ToHousing Bolts -----______ 870 Ft. Lbs.
Differential Bearing Cage Capscrews _ _ 285 Ft. Lbs.
Drive Shaft Retainer Nut (Castellated) _ ___ _ 580 Ft. Lbs.
Final Drive Axle Locknut _ -----------------------2000 Ft. Lbs.
Generator Adaptor Locknut ------ -- _1200 Ft. Lbs.
Generator Stator To Flywheel Housing Capscrews _ __ _ __ __ 40 Ft. Lbs.
#2 Gear Box Output Gear Locknut _ 2000 Ft. Lbs.

1st Reduction Gear Locknut --- - 100 Ft. Lbs.
2nd Reduction Gear Locknut __ _ ------------ ------------- 200 Ft. Lbs.

#3 Gear Box Output Gear Locknut ---------------- --- 2000 Ft. Lbs.
1st Reduction Gear Locknut _ _ - ---------- - - --------- -- 100 Ft. Lbs.
2nd Reduction Gear Locknut _ -_ 200 Ft. Lbs.
Bearing Plugs _ _ _ __ _ __ --------------- 400 Ft. Lbs.
Bearing Retainer Capscrews _ _ - 60-110 Ft. Lbs.

#6 Gear Unit Axle Nut _ 8000 Ft. Lbs.
Bearing Retainer Nut ___ _ ------- --- 200 Ft. Lbs.

Ring Gear to Differential Carrier Bolts -- ----------- 285 Ft. Lbs.
Rear DumpAxle Locknut _ _ ------------ 450 Ft. Lbs.
Steering CircleGear Taperhead Capscrews _ __ _ 540 Ft. Lbs.
Steering CircleGear Flathead Capscrews _ 360 Ft. Lbs.
Steering Trunnion Ball and Socket Capscrews _ _ 580 Ft. Lbs.
Transmission Mainshaft Rear Locknut __ _ -- -- 500 Ft. Lbs.
Transmission ClutchShaft and Drive Gear Locknut -- 100 Ft. Lbs.
Trail Unit HitchBolts __ _ 1400 Ft. Lbs.
Trail Unit Ball and Socket Capscrews - --------------360 Ft. Lbs.
Scraper Blade Bolts _ -_______ -- 265 Ft. Lbs.
Scraper Quick Release Drum Internal Gear Locknut __ __ - --- 2000 Ft. Lbs•

.. Scraper Quick Release DrumSun Gear Locknut __ 750 Ft. Lbs.
Wheel Mounting Capscrews __ __ - ---- -------- 870 Ft. Lbs.

Size
1/4/1
5/16/1
3/8/1
7/16/1
1/2/1
9/16/1
5/8/1
3/4/1
7/8/1
1/1
1 1/8/1
1 1/4/1
1 3/8/1
1 1/2/1

Capscrews and Nuts

Flat Head
8 Ft. Lbs. _ _ _

15 Ft. Lbs.
30 Ft. Lbs. _
50 Ft. Lbs._
70 Ft. Lbs.
90 Ft. Lbs. _
125 Ft. Lbs. _ _
190 Ft. Lbs.
265 Ft. Lbs. _
360 Ft. Lbs. _
450 Ft. Lbs. __
580 Ft. Lbs.
690 Ft. Lbs. __
850 Ft. Lbs. _

Taperhead
12 Ft. Lbs.
25 Ft. Lbs.
45 Ft. Lbs.
75 Ft. Lbs.

105 Ft. Lbs.
135 Ft. Lbs.
190 Ft. Lbs.
285 Ft. Lbs.
400 Ft. Lbs.
540 Ft. Lbs.
675 Ft. Lbs.
870 Ft. Lbs.

1000 Ft. Lbs.
_ 1275 Ft. Lbs.

A-12
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SPECIFICA TlONS
LeTOURNEAU-WESTINGHOUSECOMPANY, whose policy is one of continuous improvement, reserves
the right to change specifications or equipment without incurring obligation as to units previously sold.

TOURNAPULL
ENGINE (DIESEL)

Number of Cylinders
Operating Cycle
Max. Brake Horsepower

CUMMINS NRTO-6-BI
6

4 Stroke
335 HP at
2100 RPM

Below 5,000'
900 Ft. Lbs. at
1500 RPM

5 Va"
6"

743 cubic inches

HP Rated at
Maximum Torque

Bore
Stroke
Displacement

CLUTCH, Power Shift Transmission
Step Gear Transmission

GM 6-110
6

2 Stroke
325 HP at
2000 RPM
1,500' at 900
875 Ft. Lbs. at
1,600 RPM

5"
5.6"

660 cubic inches

.. Allison (Lock up type) Torque Converter
Rockford double plate 16"; air assist clutch release

TRANSMISSION,Optional
Power Shift Type .Allison CBT 5640, 4 speed Torqmatic with Torqmatic Brake
Step Gear Type Fuller L-1520 with LeTourneau-Westinghouse two-speed Transfer Case

SPEEDin MPH

Power Shift Step Gear Transmission
Transmission at 2100 RPM

Low Range High Range
Speed Speed Speed

....... 0- 4.8 2.8 4.0
0-10.6 4.9 7.1
0-21.2 9.6 14.0
0-31.7 16.8 24.5

20.7 30.1
3.7 2.8 4.1
5.6

l st, Forward
2nd
3rd
4th
5th
lst, Reverse
2nd

DIFFERENTIAL

SERVICE CAPACITIES (U.S. Standard Measurement)

Power transfer. automatic friction type no-slip differential

Cooling System
Crankcase
Fuel Tank
Final Drive (Main Case)
Step Gear Transmission
Allison Power Shift Transmission & Torque Converter
Transfer Case

CUMMINS
NRTO-6-BI
25 gals.
12 gals.

147 gals.
70 gals.
4 gals.
16 gals.

1112 gals.

SCRAPER
CAPACITY

Cubic Yards, heaped
Cubic Yards, struck.
Tons.

GM 6-110
193/4 gals.

9 gals.
147 gals.
70 gals.
4 gals.

1112 gals.

. 28

. .21
.32.5

A-13



SCRAPER OPERATING DATA
Apron opening. . . . . . . . . . . . . . . . . . . . . . . .
Depth of cut, maximum. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Depth of spread, maximum. . .
Type of ejection. . .
Cutting edge, length (three-piece) .

Center section .
Each end section (interchangeable)

7' I"
. Unlimited

. 20"
.forward, positive

· .... 10' 0"
. II/a" x 16" x 60"

..... I" X 13" X 3~''

CONTROLS . . Apron, bowl and tailgate controlled by
individual electric motors. Finger-tip control.

OVERALLMEASUREMENTS(With Toumcpull)
Length .
Width .
Height.
Wheelbase.

. .44' 2"
. 11'9"

. 12' 2"
. 26' 10"

Gauge, center to center tires, Tournapull.
Gauge, center to center tires, scraper.
Ground clearance, Tournapull.
Ground clearance, scraper maximum.

. .8' 0"
. .... 7' 9"

. .24"
· 19"

TIRES
Standard.
Optional.

............................... 27.00-33,24 ply rating, Rock Service
. 27.00-33,30 ply rating, Rock Service

Maximum turning angle.. . .
Width required for 180° turn.

. .Positive power steer, electric control
. 90° left and right

· ... 39' 10"

STEERING.

BRAKES.
Square inches of braking surface.
Torqmatic Brake for Torqmatic Transmission.
Electrotarder ..
Parking Brake.

. .Multiple disc air brakes on all four wheels
. . . . . . . . . . . . . . . . . . . . . . . . . ... 6,552

. Standard
....... Optional

. standard, mechanical

WEIGHTS
Shipping weight, approximate

Power shift transmission, lbs ..
Step gear transmission, lbs ..

Distribution
Drive Axle.
Rear Axle.

Empty
69%
31%

69,800
.68,900

Loaded
53%
47%

REAR DUMP

CAPACITY Tons Cu. Yds. Cubic Yards, Heaped
Struck 1:1 2:1

Standard.
With Tailgate * .

35
35

23
24

31
33

27
30

*Note: Recommended only on installation where material permits a larger cu. yd. capacity
without exceeding the maximum tonnage capacity.
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REAR DUMP MEASUREMENTS
Length. . . . .
Width. outside yoke.
Height. empty.
Height. extreme dump position.
Loading height. average.
Angle of dump. . .

.22' 8"
...12' 0"
. . 14' 0"

. 20' 4"
.10'9"

. .... 580

BOWL MEASUREMENTS
Length .
Width.

.. 16' 3"
10'2"
7'0"Depth. Maximum.

BODY CONSTRUCTION
Bottom . ..... 3 layer: 3f4" steel bottom; 1112" steel

reinforcing strips; 3f4" steel wear plate.
. . ..... liz" plate with 3f4I' wear plate.

........... 3f4" plate with 3f4" wear plate.
Sides
Front.

HOIST. . Dumping controlled by LeTourneau-Westinghouse
electric motor. gear box and cable. Positive power up and down.

Length. . .
Length. dump position.
Width .
Height .
Height. dump position .
Wheelbase .

........ 36' 7"
. .31' 611
. .12'6"

. 14'0"
. 20' 4"

.20'8"

OVERALLMEASUREMENTS(With Tournapull)

Wheelbase. dump position. . .
Gauge. center to center tires. Tournapull .
Gauge. center to center tires. rear dump.
Ground clearance. Tournapull. . .
Ground clearance. rear dump.

................. 12'411
. .8' 0"
10' 0"

. 24"
. 341'

TIRES
Tournapull. standard.
Tournapull. optional.
Rear Dump. standard.

..... 27.00-33.24 ply rating. Rock Service
27.00-33.30 ply rating. Rock Service

.. 27.00-33.30 ply rating. Rock Service

STEERING.
Maximum turning angle. . .
Width required for 1800 turn. . .
Width required for 1800 turn. dump position .

.Positive power steer. electric control
. 900 left and right

. 35'
. .. 27'

BRAKES.
Square inches of braking surface
Electrotarder . . .
Parking brake. . .
Automatic emergency braking system
Torqmatic brake for torqmatic transmission

. .... Multiple disc air brakes on all four wheels
......... 7,488
. ... Standard

. .Mechanical. standard
Standard
Standard
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COOLING, AIR, AND FUEL SYSTEMS
COOLING SYSTEM

The cooling system includes the fan and fan
belts, radiator, thermostats, and water pump. Wa­
ter is circulated by a centrifugal pump which
pumps the water out of the radiator into the water
inlet manifold, where it circulates around an oil
cooler and passes into the engine water jacket
and then into the water inlet manifold at the top
of the cylinder head.
There is a set of thermostats in the water outlet

manifold which controls the flow of water. Before
the temperature of the water reaches 1650 F., the
thermostats stay closed and the water by-passes
the radiator. When the temperature of the circulat­
ing water is approximately 1650 F., the thermo­
stats allow the water to flow through the water
by-pass line into the inlet side of the water pump.
When the temperature of the circulating water ex­
ceeds approximately 1850 F., the thermostats open

and permit the flow of water into the radiator.
Under normal operating conditions, the water tem­
perature should range from approximately 1650 to
185° F.
Water from the engine cooling system is also

circulated through the air compressor head and
the block. Water lines are connected to the com­
pressor from the engine.
If the machine is equipped with the power shift

transmission a heat exchanger is mounted across
the top of the engine. The coolant from the radia­
tor is circulated through this exchanger to cool the
transmission hydraulic fluid. Thermostats in the
cooler housings maintain the transmission fluid
within the correct heat range.
The pressure type radiator type permits any

overflow by water expansion within the radiator
to flow out through the overflow type.

RADIATOR
Removal

Drain the coolant from the radiator and engine
block. Disconnect the hoses at the radiator.
Removethe capscrews fastening the hood to the

radiator shell. Prop up the hood, using blocks of
wood between the underside of the hood and the
top of the engine. The hood may be removed if
desired (see section "C"),
Disconnect the leads to the headlights. Connec­

tors are provided for easy disconnection. Slide
back the insulating tubes, move one half of the
connector 90° out of line with the other half, and
separate the two halves as shown in Figure B-I.

FIGURE B-1. KNIFE CONNECTOR
1. Connected 2. Disconnected

The connectors are located at the left headlight
near the radiator end of the conduit carrying the
headlight leads.
Loosen the bracket securing the conduit to the

radiator.
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Remove capscrews and lockwashers securing
fan to fan hub. Remove fan from fan hub and po­
sition inside of radiator shroud.
Remove capscrews and lockwashers securing

the radiator grille to case. Lift off grille.
Attach hoist to radiator. Removethe four mount­

ing capscrews and lockwashers (one at each bot­
tom corner of radiator). Hoist radiator fromcase.
Some radiators have removable lower portions

of the grille. Follow the above instructions up to
removing mounting bolts, then substitute the fol­
lowing.

FIGURE B-2. RADIATOR ASSEMBLY
1. Capscrews 2. Cover Plates 3. lower Grille 4. Grille



Remove capscrews and lockwashers securing
the lower part of radiator grille to the radiator side
sheets and remove lower part of grille (Fig. B-2),

Remove the capscrews fastening the radiator

mounting bolt cover plates to the Tournapull case.
Remove mounting capscrews (two on each side).
Attach hoist to radiator and grille and hoist from
machine. Separate grille and radiator.

Disassembly
Slide rubber hose fromoverflow pipe of radiator

shroud.
Remove capscrews and lockwashers securing

shroud to radiator and remove shroud.
Loosen jam nuts .and setscrews on each side of

radiator.
Removethe two nuts (one on each end) fromthe

tie bars, and the nut and washer from the bolts

FIGURE 1-3. RADIATOR SHROUD
1. Shroud
2. Setscrew
3. Side Plate

4. Overflow Pipe
5. Top Tank
6. Core

7. Tie Bar
8. Bottom Tank

holding the tie bars together.
Remove the left and right side plates by remov­

ing the four capscrews securing each to the top
tank and the four capscrews securing each side
plate to the bottom tank.
To separate cores from top and bottom tanks,

remove the capscrews securing the clamps to their
respective tanks.

FIGURE 1-4. HEAT EXCHANGER
1. Thermostat Housing 3. Mounting Bar
2. Heat Exchanger 4. Brace

Reassembly
Scrape all gasket material and seal from the

clamps and the two radiator tanks. Clean inside
of tanks thoroughly to remove all foreign material.
Replace gasket material and sealer.
Replace the capscrews securing the headers to

the tanks. Replace side plates and tie bars.
Secure tie bars with capscrews, lockwashers

and bolts.
Test for leaks by plugging hose connections and

filling radiator with water. Apply four pounds of
air pressure to the filled radiator and inspect for

leaks.
Replace shroud.
Position fan blades inside shroud. Replace radi­

ator on machine, install capscrews and lockwash­
ers securing it to the main case.
Replace fan blades on fan hub and secure with

capscrews and lockwashers. Replace radiator
grille and secure to case. Replace overflow hose.
Reconnect light wires. Connect hoses and close
all drain cocks. Replace hood. Refill cooling sys­
tem. Check entire system for leaks.

HEAT EXCHANGER

Removal
Drain coolant from radiator and engine block.

Disconnect coolant hoses from body of heat ex­
changer. See Figure B-4.
Drain lubricant from power shift transmission

and heat exchanger. Disconnect oil lines fromheat
exchanger body.

Remove capscrew, lockwashers and nuts secur­
ing heat exchanger mounting brackets to mounting
bar across front of engine. Lift heat exchanger
from engine.
Position on bench for further disassembly or

service.
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THERMOSTATS
Before installing thermostats, examine for cor­

rosion and replace if excessively corroded or if the
frame is bent or damaged. Check for holes in the
bellows. To test thermostats, place them in a ves­
sel containing hot water with a thermometer and
gradually raise the temperature of the water. They
should begin to open at the temperature corre­
sponding with the marking on the thermostats. The
degree difference between the start and the fully

opened point is about 10° F. If the thermostats do
not function as above, replace.
Check the condition of the neoprene seal and

spring which prevents water from leaking to radi­
ator when the thermostat is closed (if present).
Check by-pass vent holes.
Insert thermostats in water outlet manifold. In­

stall housing, and tighten the holding nuts and
lockwasher.

AIR CLEANERS
The air intake to the engine's manifold is con­

nected to the discharge side of the air cleaners.
The dust laden air is drawn into the inlet cap

through the openings around the outside of the
bottom of the cap.
The inlet cap keeps fibrous materials such as

chaff or lint from entering the main body of the
air cleaner assembly. Air is combined with the oil,

FIGURE B-5. FLOW OF AIR THROUGH AIR CLEANER

forming a spray, and drawn upward through the
filter element in the cleaner body. Oil and dust
particles are separated from the air in the filter
element and drain back into the oil cup. The air
then goes to the intake side of the dry type air
cleaner where it is further cleaned. The cleaned
air is then drawn into the engine's intake mani­
fold.

FIGURE B-6. AIR CLEANERS
1. Oil Bath Type 2. Dry Type 3. Cover and Gasket 4. Oil Cup

Oil Bath Type
REMOVAL
Loosen the wing nuts at the bottom of the air

cleaner assembly and remove the oil cup and disc.
Loosen the hose clamps on the discharge pipe. Re­
move rectifiers from housing above air cleaner
(see section "D"). Remove the screws and nuts
from the two air cleaner mounting bands and the
upper band around the rectifier housing.
Remove air cleaner and rectifier housing from

machine. Place air cleaner on bench for further
disassembly.
Remove the prefilter by pushing up slightly and

turning to the left, then pull down. Loosen the
clamp securing the rectifier housing to the air
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FIGURE B-7. AIR CLEANER, EXPLODED
1. Body
2. Discharge

3. Pre-filter
4. Gasket

5. Disc
6. Oil Cup



cleaner body and remove rectifier housing.
SERVICE
After the unit has been disassembled, all parts

can be cleaned and defective parts replaced. Emp­
ty the oil cup, clean and refill when the oil be­
comes too thick to spray readily or when sediment
in bottom of cup is in excess of 112 ".
Daily inspection is necessary to determine when

any of these conditions have been reached.
Check the oil level at the beginning of each

shift. Change oil every 50 hours of operation
(more often if necessary in extreme dusty condi­
tions). Use SAE 20 in summer and SAE 10 or
lighter in winter. The oil should be up to the oil
level mark on the disc. Raising the oil above this
mark does not increase the efficiency, and this
practice must be avoided.
Refer to section "K" for maintenance of air

cleaner.

REMOVAL

Dry Type
the two pieces of the mounting bands together.
Removeair cleaner {see Fig. B-6J.
Refer to section "K" for maintenance and ele-

Loosen hose clamps on inlet and discharge
hoses.
Remove the four capscrews and nuts securing ment changing instructions.

AIR COMPRESSOR
Description

The compressor is of the two cylinder, single
acting, reciprocating type. The Tu-Flo 500 has a
rated capacity of 12 cubic feet per minute, the
Tu-Flo 400 has a rated capacity of 71/4 cubic feet
per minute, based on piston displacement when
running at a speed of 1250RPM.
Both the cylinder head and the cylinder block

are water cooled by the engine's cooling system.
Oil under pressure from the engine enters the

compressor through a passage in the crankcase

and is fed to the connecting rod bearings through
drilled holes in the crankshaft and to the wrist pin
bearings through drilled holes in the connecting
rods. Themain bearings are ball bearings and are
splash lubricated. Surplus oil returns to the crank­
case through a line from the compressor base.
Air is supplied to the compressorby a line to the

engine's intake manifold. Since the air is already
cleaned, the compressor does not have a separate
air cleaner.

Operation
The compressor runs continuously while the en­

gine is operating. However, the actual compres­
sion of air is controlled by a governor which, act­
ing in conjunction with the unloading mechanism
in the compressor cylinder block, starts or stops
the compression of air by loading or unloading the
compressor when the air pressure in the system
reaches the desired minimum (gO pounds or maxi­
mum 120 pounds for scraper equipped machines,
and 120 to 145 pounds for machines with rear
dumps).
COMPRESSING AIR
During the downstroke of each piston, a partial

vacuum is created above the piston which unseats
the inlet valves. Air then enters the cylinders
above the piston after passing through the air
cleaner, the intake manifold, and the intake ports.
As each piston begins its upstroke the air pres­

sure on top of the inlet valve, plus the inlet valve
return spring force, closes the inlet valve and air
which has entered the cylinder is trapped above
the piston. As the piston continues its upstroke,

the air above the piston is compressed until the
pressure lifts the discharge valve and the com­
pressed air is discharged through the discharge
line into the air tank.
As each piston starts its downstroke, the dis­

charge valve above it returns to its seat prevent­
ing the compressed air fromreturning to the cylin­
der, and the same cycle is repeated.
NOT COMPRESSING AIR
When the air pressure in the air tank reaches

the maximum setting of the governor, compressed
air from the air tank passes through the governor
into the cavity under the unloading pistons in the
compressor cylinder block. This air pressure lifts
the unloading pistons which in turn lift the inlet
valves off their seats.
With the inlet valves held off their seats, the

unloading cavity forms a passage between the
cylinders above the pistons. Thus during the up­
stroke of each piston air merely passes back and
forth through this passage and compression of air
is stopped. When the air pressure in the tank drops
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to the minimum setting of the governor, the gover­
nor releases the air pressure from beneath the un­
loading pistons. The unloading piston return

Removal

FIGURE B-8. AIR COMPRESSOR
1. Crankcase 18. DischargeValveSpring
2. Bearing 19. DischargeValveCapNut
3. Oil Seal 20. Inlet ValveSpring
4. Crankshaft 21. Inlet Valve
5. Nut 22. Inlet Valve Guide
6. Key 23. Inlet ValveSeat
7. FrontEndCover 24. UnloaderSpring
8. Bearing Insert 25. UnloaderSpring Saddle
9. ConnectingRod 26. Unloader Plunger
10. Cylinder Block 27. Grommet
11. Piston 28. Unloader Piston
12. Wrist Pin 29. Gasket
13. Bushing 30. EndCover
14. PistonRing 31. Oil SealRing
15. Cylinder Head 32. Cap
16. DischargeValveSeat 33. Bearing
17. DischargeValve 34. LubeOil Passage

•

springs then force the pistons down and the inlet
valve springs return the inlet valves to their seats
and compression is resumed.

Drain the air system completely by opening the
bleeder valve on the air supply tank. The air tank
is located inside the right nose section of the
Tournapull.
Drain engine cooling system, compressor cylin­

der head and compressor block.
Disconnect air, water, and oil lines connected

to the compressor.Disconnect fuel lines to P.T.fuel
pump and lead to the P.T. solenoid. Disconnect
throttle linkage at P.T. fuel pump.
Removewater pump drive pulley.
Remove the mounting capscrews and lockwosh­

ers securing compressor and fuel pump to engine,
and the ones securing compressor to timing gear
housing. Slide the compressor and fuel pump back
to disengage the drive gear, and remove the two
assemblies from engine.
Separate fuel pump and compressor.

FIGURE B-9. AIR COMPRESSOR MOUNTING
1. Compressor 2. Timing Gear Housing 3. P.T.FuelPump

Disassembly
Removeall grease or dirt fromthe outside of the

compressor by scraping. If necessary use cleaning
solvent and a stiff bristle brush.
The cylinder head, cylinder block and crank­

shaft ofmany compressorsare designed so that the
compressor can be assembled in several different
ways to meet the installation requirements. In
order to insure correct reassembly, such parts
should be marked before disassembly where nec­
essary to show their correct position in relation to
each other. This can be done best by making cen­
ter punch marks in the related parts to act as
guides during assembly.
It is suggested that the following parts be
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marked:
Position of cylinder head in relation to cylinder

block.
Position of air intake fitting in relation to cylin­

der block.
Position of cylinder block in relation to the

crankcase.
Position of front end cover (drive end of crank­

case) in relation to the crankcase. (Make one
punch mark on ecch.l
Position of rear end cover in relation to the

crankcase. (Make two punch marks on ecrch.)
Marking the crankcase with one punch mark at

the drive end will permit the crankshaft to be po-



FIGURE B-l0. CYLINDER HEAD, EXPLODED
1. Stud
2. Gasket
3. Cylinder Head
4. Discharge Valve Seat
5. Discharge Valve Cap Nut

6. Discharge Valve Spring
7. Discharge Valve
8. Nut
9. Pipe Plug
10. Head Gasket

sitioned properly in the crankcase during assem­
bly.
Remove nuts from all cylinder head studs and

lift off cylinder head. The cylinder head may have
to be tapped slightly with a rawhide hammer to
break the gasket seal.
Scrape cylinder head gasket off cylinder head

and block.
Remove discharge valve cap nuts and lift out

discharge valve springs and discharge valves.
Remove cotter pins and slotted nuts from the

bolts securing connecting rod bearing caps to the

connecting rods. Lift out connecting rod bearing
caps. Then push pistons, with connecting rods at­
tached, out the top of the cylinder block. Replace
caps on each connecting rod. They are already
marked with center punch marks to show the prop­
er position of the caps.
Removepiston rings fromeach piston. If the pis­

tons are to be removed from connecting rods, re­
move wrist pin lockwires from each wrist pin and
press wrist pins frompistons and connecting rods.
Remove nuts from studs securing front or drive

end cover to crankcase. Remove end cover with
oil seal and gasket. If oil seal needs replacing, re­
move it from end cover.
Removenuts fromstuds securing rear end cover

to crankcase. Removeend cover, oil seal ring and
gasket.
Some crankcases are fitted with a shoulder.

This positions the crankshaft in the crankcase. In
such cases the crankshaft may be removed only
through one end of the crankcase. Press crankshaft
and ball bearings out of the crankcase, then press
ball bearings off crankshaft.
When cylinder head is removed from cylinder

block, the inlet valve springs and inlet valves
should be removed.
Remove nuts securing cylinder block to crank­

case and remove cylinder block and gasket.
Removeunloader spring and the unloader spring

seat.
Removeunloader spring saddle, unloader plung­

er, and unloading pistons. Removeunloader piston
grommets. Remove inlet valve seat bushing only
if they are worn or damaged.

FIGURE B-11. CYLINDER BLOCK, EXPLODED
I. Gasket 8. Wrist Pin 15. Stud 22. Grommet
2. Cotler 9. Piston Ring (Narrow) 16. Inlet Valve Body 23. Unloader Spring Seat
3. Rod Bearing Cap 10. Piston Ring (wide) 17. Inlet Valve Guide 24. Unloader Spring
4. Bearing Insert II. Cylinder Block 18. Inlet Valve Spring 25. Unloader Spring Saddle
5. Connecting Rod 12. Nut 19. Inlet Valve 26. Pistan
6. Bushing 13. Pipe Plug 20. Unloader Plunger 27. Bolt
7. Lockwire 14. Gasket 21. Unloader Piston 28. Nut
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FIGURE 1-12. CRANKCASE, EXPLODED
1. Coller
2. Nut
3. Gasket

4. Stud
5. Crankcase
6. Key

7. Bearing
8. Oil Seal Ring
9. Nut

10. Pipe Plug
11. End Cover (Rear)
12. Gasket

13. Crankshaft
14. Gasket
15. Bearing

16. End Cover (Front)
17. Oil Seal
18. Nut

Cleaning and Inspection of Parts
Clean all parts thoroughly using cleaning sol­

vent to remove all traces of dirt, oil and grease
before inspection.
Put cylinder head body and cylinder block

through a cleaning solution to remove all carbon
fromdischarge valve cavity and to removeall rust
and scale from water cavity. Use air pressure to
blow dirt out of all cavities. Scrape carbon, dirt,
and particles of old gaskets fromall surfaces.
Clean discharge and inlet valves (not worn ex­

cessively or damaged) by lapping them on a piece
of crocus cloth on a flat surface.
All bearings must be washed thoroughly in

cleaning solvent. Inspect cylinder head body for
cracks or breaks. Replace if any are found.
Thoroughly clean all oil passages through

crankshaft, connecting rods, crankcase, and end
covers. If necessary prod oil passages with wire
and flush with cleaning solvent.
Test water jacket after cleaning for leakage,

using air pressure. This must be done by assem­
bling the cylinder head to the cylinder block. The
water jackets in both parts are checked at the
same time. Replace cylinder head body or the cyl­
inder block if any leakage is found.
Discard all used discharge valve springs and

replace with new ones.
Inspect condition of discharge valves and dis­

charge valve seats. If discharge valves are
grooved deeper than 0.00311 where they contact
the seats, they must be replaced. If the discharge
valve seats are worn excessively so there is no
longer sufficient metal left to reclaim the seat by
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using a lapping stone, the cylinder head body
should be replaced.
Check crankcase and end covers for cracks and

broken lugs. Replace if any are found.
Check fit of oil seal ring in the ring groove.

Ringmust be a neat fit in the ring groove and have
0.00811 to 0.01511 clearance at the gap when placed
in the end bore of the crankshaft. Check lip of seal
for wear. If worn thin or damaged, the oil seal
must be replaced.
Inspect oil ring groove in end cover. If ring

wear has formed a step pattern in the groove, re­
place end cover or machine groove for next over­
size oil seal ring.
Check fit of ball bearings in crankcase. Bear­

ings must be a finger press fit. If the crankcase
bearing bores are worn or damaged, the crank­
case should be replaced.
A cylinder block with broken lugs or with cracks

of any kind must be replaced.
Check fit of unloading pistons and piston grom­

mets in cylinder block for excessive wear. New
grommets should be installed, after which the
unloading pistons should be a neat sliding fit in
their bores.
The bores must not be scratched or damaged in

any way which might accelerate grommet wear.
Check the unloading piston return spring for per­
manent set. If the spring does not have sufficient
tension to return the unloader piston to the un­
loaded position, replace the spring.
Inspect condition of inlet valve and seats. If in­

let valves are grooved deeper than 0.00311 where



they contact the seat they should be replaced. If
the inlet valve seats are worn or damaged so that
they cannot be reclaimed by lapping or facing,
seats should be replaced.
Check cylinder bores for evidence of excessive

wear, out-of-round, or scoring. Cylinder bores
which are scored or out-of-round more than 0.002"
or tapered more than 0.003" should be rebored or
honed oversize. Oversize pistons are available
0.010", 0.020", or 0.03011 oversize. Cylinder bores
must be smooth, straight, and round and must be
finished with a 320 grit hone. Clearance between
pistons and cylinder walls must be 0.002" mini­
mum and 0.004"maximum.
Inspect pistons for scores, cracks or damage of

any kind. If scores or cracks are found, replace the
piston. Check each piston with a micrometer in
relation to the cylinder bore diameter to be sure
the clearance is between the 0.002"minimum and
0.004"maximum.
Check fit of piston rings in the ring grooves.

Refer to Figure B-13for correct gap and ring clear­
ance for the Tu-Flo 400. Refer to Figure B-14 for
this information on the Tu-Flo 500.
Check fit of wrist pins in pistons and connecting

rods. Wrist pins must be a light press fit in the
pistons. Check the fit ofwrist pin in connecting rod
bushing by rocking the piston. Clearance of wrist
pin to connecting rod bushing should not exceed
0.0015". If excessive clearance is apparent, re­
place wrist pin bushings in connecting rod. Wrist
pin bushings should be reamed after being pressed
in place. Discard all used wrist pin lock wires.
Inspect connecting rod bearings for proper fit on

crankshaft journals. Also check connecting rod
bearings for wear. If worn, cracked or broken, the
inserts must be replaced.
Connecting rod caps are not interchangeable.

Position the caps so that the two locking slots are
both located adjacent to the same capscrew.
Clearance between the connecting rod journals

and the connecting rod bearing must be not less
than 0.0003"or more than 0.0021// after rebuilding
compressor.
Crankshaft journals which are more than 0.001"

out-of-round or bruised must be reground. When
regrinding, the fillets at the ends of the journals

DISCHARGE VALVES AND SEATS
If discharge valve seats merely show signs of

slight scratches, they can be reclaimed by using a
lapping stone, grinding compound, lapping disc,
grinding tool and driver. If seats cannot be re-

CORRECT GROOVE CLEARANCE

~t,
.0030"

CORRECT GAP CLEARANCE
WITH RING IN CYLINDER

fm~
-+-007"

.019"

FIGURE B-13. TU-FLO 400 RING GAP AND CLEARANCE

CORRECT GROOVE CLEARANCE

WIDE RING

1±5"
.0055"

NARROW RING

_L
T
.002"
.004*

CORRECT GAP CLEARANCE
WITH RING IN CYLINDER-~_jLoo5"lr .015"

FIGURE B-14. TU-FLO 500 RING GAP AND CLEARANCE
1. Narrow Ring 2. Wide Ring

must be maintained. Connecting rods 0.010",
0.020", and 0.03011 undersize are made for re­
ground crankshafts. Screw threads, keyways, tap­
ered ends and all ground and machined surfaces
of the crankshaft must not be mutilated or exces­
sively worn. Main bearing journals must not be
worn too much to prevent the ball bearings from
being a tight press fit. The oil seal ring groove in
the crankshaft must not be worn so as to prevent
a good fit of the oil seal ring. Walls of the oil seal
ring grooves must be square and have a good
finish.
Check the ball bearings for wear of flat spots.

If found, the bearings must be replaced.

Repairs
claimed, install new seats. After installing new
discharge valves, discharge valve springs and
discharge valve cap nuts, the discharge valve
travel should be between 0.03611 and 0.058" for
Tu-Flo 400 and 0.056" and 0.070" for Tu-flo 500.
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mark on the tooth of the compressor gear.
Attach the compressor and fuel pump securely

to the engine with capscrews and lockwashers.
Replace water pump drive pulley. Reconnect

air, fuel, oil and water lines; throttle linkage and
PT solenoid lead.

Clean or replace any dirty air or water lines
before connecting them to the compressor. Always

use a new discharge fitting gasket.
With compressor running, check for noisy oper­

ation and oil. water or air leaks. Check the un­
loading valve for clearance. Test air system for
serviceabili ty.
NOTE:When connecting air inlet line to com­

pressor, care should be taken not to crush fiber
washer. Damage to washer may result in compres­
sor pumping oil into the air supply tank.

AIR COMPRESSOR GOVERNOR
The air compressor governor has been inserted

into the air supply system to control the amount
of air contained in the reservoir tank.
Although the compressor runs continuously dur­

ing engine operation, actual compression of air
takes place only when the air tank pressure falls

below minimum requirement. After pressure has
again been built up to the maximum setting, the
governor acting in conjunction with the compres­
sor unloading mechanism halts further compres­
sion of air.

Removal and Disassembly
Bleed the air from the air supply tank. Discon­

nect line at side of governor. Unscrew the gover­
nor fromthe fitting under the right front of cockpit.
Release the nut which locks the adjusting screw

in place and then back out screw from the sleeve
(Fig. B-16)'
Lift spring and plunger from sleeve (Fig. B-17).

FIGURE B-16. REMOVING ADJUSTING SCREW
1. Adjusting Screw 2. Locknut 3. Sleeve

FIGURE B-17. REMOVING SPRING AND PLUNGER
1. Spring and Plunger 2. Sleeve

B-12

Loosen the sleeve collar until it is entirely free of
the governor body, permitting removal of sleeve
(Fig. B-18)'
The end of the sleeve is a snug fit in the gover­

nor body but can be removed by hand. Sleeve
must not be pried or forced free of its seat. After
sleeve has been removed, exposed ball check and
shimts) may be removed (Fig. B-19)'

FIGURE B-18. REMOVING COLLAR
1. Collar 2. Sleeve

FIGURE B-19. SLEEVEREMOVED
1. Sleeve 2. Shim 4. Body3. Ball Check



Reassembly

Adiustment
Re-install the governor on the machine. Do not

connect line to the compressor unloader. Operate
the engine until the air pressure in the supply
tank reaches the maximum setting. Refer to air
pressure gauge on instrument panel for air pres­
sure. The valve should open at this point and ex­
haust air through the port in the side of the gov­
ernor body.
If air should exhaust before the limit is reached,

loosen locknut and screw in the adjusting screw.
If air exhausts after the proper pressure is reached,
screw the adjusting screw out, releasing some of
the spring pressure against the ball. When the
proper adjustment has been obtained, lock the
adjusting screw into place with the locknut. See
Figure B-20.

Replace ball check and shim(s) in governor
body.
Fit sleeve into governor body.
Place collar over sleeve and screw down on the

governor body.
Replace spring and plunger into sleeve with the

largest end of the plunger toward the ball check.
Replace adjusting screw and locknut.

FIGURE B-20. AIR COMPRESSOR GOVERNOR
1. Exhaust 2. Inlet 3. Outlet 4. Governor

QUICK RELEASEVALVE
The purpose of the quick release valve is to

reduce the time required to release the brakes by
hastening the exhaust of air pressure from the
brake diaphragm.
The valve consists of a body containing a spring

loaded diaphragm so arranged as to permit air
pressure to flow through the valve in one direc­
tion but, when the supply pressure is reduced, the
air which has passed through the valve is per­
mitted to escape through the exhaust port.
The quick release valve assumes three posi­

tions during normal operation. The three posi­
tions are the applying position, when air pressure
is passing through the valve into the brake; the
holding position, when pressure is held in the
brake; and the releasing position, when the brake
is being exhausted.
When air pressure fromthe brake enters the top

connections of the valve, the diaphragm moves
down and closes the exhaust port. Air pressure
then deflects the outer edges of the diaphragm
downward and flows out the side connections to
the brakes.

As soon as the brake chamber pressure below
the diaphragm equals the brake valve pressure
above the diaphragm, the force of the spring be­
low the diaphragm forces the outer edge of the
diaphragm back up against the body, although the
center of the diaphragm keeps the exhaust port
closed. This is the holding position.
If the brake valve pressure on top of the dia­

phragm is released, the brake chamber pressure
below the center of the diaphragm raises it, then
opens the exhaust port and permits the brake air
pressure to be released through the exhaust port.
If the brake valve pressure on top of the dia­

phragm is only partially released, the diaphragm
assumes its holding position as soon as the pres­
sures above and below it are equalized.
In this manner, the quick release valve reacts

to pass any increased brake valve pressure
through it to the brakes, or quickly releases the
brake air pressure when the brake valve pressure
is reduced and thus maintain the same pressure in
the brakes as the brake valve is delivering.

Removal and Disassembly
The machine is equipped with a quick release

valve for each wheel brake.
On the Tournapull the valves are mounted on

the main case. The trail unit valves are mounted
on the frame near the wheels.
NOTE:As a safety precaution it is wise to bleed
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FIGURE B-21. QUICK RELEASEVALVE, SECTIONAL
1. Inlet Port
2. Diaphragm

3. Outlet
4. Spring

5. Exhaust
6. Cover

the air system before disconnecting any air lines.
To remove the quick release valve, disconnect

the tubing, remove the two capscrews and remove
the valve from the machine.
Removeall dirt and grease from exterior of the

valve using cleaning solvent and a brush.
Unscrew the cover, lift out diaphragm spring,

diaphragm spring seat, and diaphragm.
Inspect exterior of valve for broken or damaged

parts. All broken or damaged parts must be re­
placed.
Examine all metal parts and wash in cleaning

solvent.
Examine diaphragm for signs of cracking, wear,

or damage. Carefully examine the lower face of
the diaphragm which contacts the exhaust port
seat in the cover for signs of pitting or grooving.
Replace diaphragm if any of these conditions are
found.

Reassembly
To reassemble quick release valve, install dia­

phragm into diaphragm spring seat. Replace the
diaphragm spring and seat into body.
Install valve on machine, reconnect air lines.

With brake applied, coat the exhaust port with
soap suds to detect leakage. Leakage in excess of
a one inch soap bubble in one second is not per­
missible.

1. Body
2. Diaphragm

FIGURE B-22. QUICK RELEASEVALVE, EXPLODED
5. Cover3. Spring Seat

4. Spring

AIR TANK
The air tank is located in the right side of the

Tournapull nose section.
A bleeder valve is located on the bottom of the

tank. Air pressure forces any moisture present out
through the bleeder valve. The air tank should be
drained of all collected condensation as part of the
daily preventive maintenance program.
The tank itself requires little attention because

of the all welded, sheet steel construction. Care
should be exercised, however, to prevent bending
or breaking the inlet and outlet lines and fittings.
A safety valve is mounted on the air junction

block under the right front of the cockpit. The

B-14

FIGURE B-23. AIR TANK
1. Tank 3. Inlet Line

4. Outlet Line
5. Mounting

Copscrews2. BleederValve



safety valve is set to open at 150 pounds per
square inch.

Should air pressure in the air supply tank rise
to a point above the setting of the safety valve.
the pressure will force the ball. against spring

pressure. from its seat and allow the air to flow
around the ball and out through the exhaust port.
As soon as the pressure is reduced to the setting
of the valve. the spring forces the ball back on its
seat, stopping the exhaust.

Removal

AIR BRAKE APPLICATION VALVE
Operation

As the operator depresses the treadle. pressure
is exerted on the top of the pressure regulating
spring and piston. As the piston moves downward.
the exhaust valve seat moves downward against
the combined inlet-exhaust valve and closes the
exhaust opening in the piston stem. Continued
movement of the piston downward pushes the
combined inlet-exhaust valve off its seat. The air
pressure from the air supply tank then flows
through the inlet valve and out the outlet to the
brake. applying the brake.
When the air pressure being delivered to the

brake from the cavity below the piston overcomes
the mechanical force being exerted on top of the
piston. the piston lifts and the inlet valve closes.
cutting off further supply of air pressure to the
brake. The exhaust valve remains closed. prevent­
ing any escape of air pressure through the exhaust
port. Should the operator depress the treadle fur­
ther and put additional force on top of the piston.
a corresponding increase in the air pressure being
delivered to the brake results.
If the operator permits the treadle to partially

return toward its fully released position. thus re­
ducing the mechanical force on top of the piston.
the air pressure below the piston overcomes the
mechanical force on top of it and the piston lifts
still further. When this happens. the inlet valve
remains closed but the exhaust valve opens to ex­
haust air pressure from the brake until the air
pressure below the piston again balances the me-

Open the bleeder valve to completely bleed the
air system.
Disconnect the inlet and outlet lines from the

tank.
Remove capscrews and lockwashers securing

tank to case and pull tank from opening in case.

Take care when removing tank to prevent dam­
aging bleeder valve on bottom of tank.
Remove bushing. strainer screen and spring

from fromair inlet opening. Clean screen in clean­
ing solvent and blow dry with compressed air.

FIGURE B-24. TREADLE VALVE, SECTIONAL
1. Treadle 5. Relurn Spring 9. Pislan
2. Plunger 6. Inlel Valve 10. Body
3. Filter Screen 7. Inlel Nul 11. Mounting PIaIe
4. Graduating Spring 8. Inlel Valve Spring 12. Baal

chanical force on top of it.
Releasing the treadle to its fully released posi­

tion. the exhaust valve remains open and all the
air pressure from the brake is exhausted and the
brakes are fully released.
Depressing the treadle fully. compresses the

pressure regulating spring and the piston strikes
the shoulder in the body. Under these conditions.
the inlet valve is held open. permitting full air
pressure to pass into the valve and on to the brake.

Removal and Disassembly
Drain the air tank and bleed the air system. Dis­

connect the air lines to the brake valve.
Remove the mounting bolts from the mounting

plate and lift valve. mount plate and treadle from
the cockpit.
Clean exterior of valve with cleaning solvent
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and a brush. Blow dry with compressed air. Re­
move the cotter from end of treadle pin. Drive out
the treadle pin and remove treadle.

Drive out the treadle roller pin with drift pin
and remove roller and retaining ring. Remove rub­
ber boot from top of valve. Remove the capscrews
and lockwashers attaching the mounting plate to
the body.

Remove piston and spring assembly from body.
Remove rubber grommets from piston.

Do not disassemble the pressure regulating
spring and piston assembly unless the exhaust
seat has been damaged and has to be replaced.

Remove piston return spring from body. Remove
inlet nut from body. Pull the inlet valve spring
and valve from inside the body.

Reassembly
If the piston graduating spring, or graduating

spring seat is damaged or broken, they must be
replaced.
Care should be exercised not to damage the

exhaust seat which is a part of the piston. Replace
all grommets with new ones. If the exhaust seat is
slightly damaged, it may be lapped flat with a
piece of crocus cloth on a flat surface.
If inlet seat is nicked or worn excessively, re­

place the body. Inlet and exhaust valve must be
replaced with new one.
Wash all metal parts in cleaning solvent. Care­

fully inspect the exhaust seat. If seat is worn
slightly, lap on a piece of crocus cloth on a flat
surface. If seat is worn excessively, or damaged in
any way, the piston and pressure regulating
spring assembly must be replaced. If pressure reg­
ulating spring is damaged in any way it must be
replaced.
Replace rubber grommets with new ones.
Check fit of treadle pin in treadle and mounting

plate. Pin must be a free fit. If mounting holes are
worn excessively, the plate should be replaced.
Inspect treadle roller for fit on roller pin, also for

flat spots. Roller must be a free rolling fit on pin.
If excessive wear is found or if the roller has any
flat spots, the pin, the roller, or both must be re­
placed. Check to be sure the stop at the heel of the
treadle is in good condition. If not, this treadle
stop should be replaced.
Check for cracks or breakage of the mounting

plate. Replace if necessary. Replace stop button.
Replace boot if cracked or deteriorated.
Inspect body for scores and excessive wear

where the piston grommets make contact with the
body. If excessive wear or grooves are found, the
body should be replaced. Inspect small bleed hole
leading to outlet port in body to be sure it is open
and not obstructed.
Inspect inlet seat for excessive nicks. If nicked

excessively, replace body. Replace inlet and ex­
haust valve if worn or damaged.
Install new grommets on piston. Lubricate the

piston grommets and the surfaces they slide
against with barium grease. Install piston return
spring and piston and spring assembly in body.
Install mounting plate and secure in place with

three capscrews and lockwashers. Install the

FIGURE 8.25. TREADLE VALVE, EXPLODED
1. Inlet Nut 7. Body 13. Washer 19. Boot
2. Grommet 8. Piston Return Spring 14. Capscrew 20. Roller
3. Inlet Valve Spring 9. Piston 15. Plunger 21. Treadle Pin
4. Inlet Valve 10. Graduating Spring 16. Mount Plate 22. Treadle
5. Retaining Ring 11. Spring Seat 17. Stop Button 23. Roller Pin
6. Filter Screen 12. lockwasher 18. Cotter
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plunger and boot in the mounting plate.
Position the treadle or lever on mounting plate

and install treadle pin being sure the cotter pin
hole in the pin lines up with the hole in the mount­
ing plate, then install cotter pin.

To install roller, place the retaining ring in the
recessed end of the roller and place the roller and
retaining ring in the treadle. Then drive the roller

pin in from either side of the treadle to the posi­
tion where the pin is locked in place by the retain­
ing pin.

Install inlet and exhaust valve and position in­
let valve spring in the body. Position grommet on
inlet nut and install in the body.

Replace unit on machine and reconnect the air
lines.

Adiustment
With the valve in the fully applied or fully re­

leased position, cover the exhaust port with soap
suds. Leakage must not exceed a one inch soap
bubble in one second.
No leakage is permissible at any other point on

the brake valve with the treadle in the depressed
position.
Install an air gauge on the application side of

the system. When the brakes are fully applied, the
instrument panel pressure gauge and the gauge in
the application side of the system should have
approximately the same reading.
Use the test gauge on the application side of

the system to check the valve for reaction or bal­
ance. Partially open the valve and hold it in this
position. Observe the two air gauges which
should show different unchanging air pressures.
The pressure differential should remain constant
until further application or release of the brake
pedal.
If the brake does not release promptly, it indi­

cates exhaust valve is not opening sufficiently.

This can be caused by the filling plate being in­
stalled upside down or by insufficient shims being
used between the air inlet valve seat and the body
of the valve.
If the brake does not fully release, check clear­

ance between treadle roller and button on top of
the spring cage. Clearance must be 1/16/1.If clear­
ance is correct. add additional shims between inlet
valve seat and body of valve to increase exhaust
valve opening.
If the brake valve does not apply promptly,

check for excessive clearance between exhaust
valve and exhaust valve seat. Remove shims be­
tween inlet valve and exhaust valve seat. Remove
shims between inlet valve seat and body of valve
to decrease exhaust valve clearance. This will in­
crease inlet valve openings.
If brake valve does not graduate the delivered

pressure properly, check to be sure bleed hole to
cavity immediately below the diaphragm is not
restricted. The bleed hole should be 1/16/1in diam­
eter.

HAND APPLICATION VALVE
The hand application type valves are used for

two purposes; controlling the rear dump brakes,
and operating the scraper quick drop assembly.
Although the method of applying pressure to the
valve is different, the operation of the valve is the
same. The valve used for scraper quick drop con­
trol is operated by a lever pressing against a but­
ton on the cam. The valves used for brake control
on the rear dump are applied by moving the ap­
plication handle.
As the application handle is moved in a clock­

wise direction (or pushed forward), the actuating
cam moves downward carrying with it the spring
retainer, metering spring, and the metering piston
assembly thereby seating the metering piston as­
sembly on the exhaust valve insert and closing
the exhaust to atmosphere. As further movement

takes place, the valve stem moves downward, un­
seats the inlet valve insert and allows air pressure
to enter the application side of the brake system.
When the desired rate of deceleration has been

reached and the movement of the application han­
dle is stopped, reaction or balance occurs in the
valve mechanism. That is, the applied air pressure
below the metering piston assembly forces the as­
sembly upward, compresses the metering spring
and allows the intake valve to close. Thus both
inlet and exhaust valves are closed and the ap­
plied air pressure is held constant until the appli­
cation handle is moved to the released position or
until additional air pressure is admitted to the
application side of the valve by further clockwise
movement of the application handle.
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Disassembly
Remove the valve from the machine and clamp

in a vise. Removethe inlet plug, plug gasket, inlet
cap and cap gasket. The metering piston return
spring may then be removed from the valve hous­
ing.
Place the inlet cap in a vise and remove the

small hex nut which locks the inlet body to the
exhaust valve body and stem. Insert the bit of a
small screw driver between inlet valve body and
the wall of the inlet cap. Unscrew the stem from
the inlet valve body. The inlet and exhaust valve
spring may be removed. Remove the screw which
retains the insert. Removethe inserts.
Remove application handle retaining nut and

handle (or actuating button). Insert a drift through
the lower opening in the valve housing. Themeter­
ing spring, metering spring retainer and the me-
tering spring washer may be removed. Insert a
suitable drift through the exhaust holes in the pis­
ton rod and a piece of flat bar stock through the
slots in the piston cup spreader and unscrew the
two parts. Leave the bar stock in position. Engage
the two slots in the piston and unscrew the two
parts. The piston cup may now be removed.
Remove the actuating cam pins from the valve

housing and push the actuating cam from the
valve housing.

FIGURE B-26. HAND METERING VALVE, SECTIONAL
1. Nut 7. Spring 13. Cap
2. Handle 8. Washer 14. Gasket
3. Guide 9. Pistan 15. Bady
4. Grammet 10. Cup 16. Screw
5. Retainer 11. Spreader 17. Rod
6. Cam 12. Stem 18. Pin

19. Setscrew

Remove the "0" ring. Remove the adjusting set
screws and unscrew the adjusting nut from the
actuating cam.

FIGURE B-27. METERING VALVE, EXPLODED
1. Nut 6. Cap 11. Screw 17. Spring 23. Guide
2. Plug 7. Gasket 12. Spreader 18. Retainer 24. Buttan
3. Body 8. Spring 13. Cup 19. Housing 25. "0" Ring
4. Insert 9. Spring 14. Piston 20. Lockwasher 26. Cam
5. Gasket 10. Stem 15. Washer 21. Pin 27. Handle

16. Rod 22. Setscrew

Adiusting and Testing
Reassemble the valve by reversing the disas­

sembly procedure.
The valve may be adjusted either on or off the
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machine. In either case air pressure must be avail­
able. See Figure B-26.
Remove the application handle retainer nut and



application handle. Be sure application handle is
in released position before removal.

Loosen adjustment setscrews until the adjusting
nut and piston guide can be rotated.
Disconnect application line at port "B".
Apply air pressure at port "A".
Using a broad blade screwdriver or other suit­

able tool, move the adjusting nut and piston guide
downward until an air leak develops at port "B".
Turn adjusting nut and piston rod guide in op­

posite direction 1112turns. Tighten adjustment set­
screws. Make sure setscrews contact flats on the
adjusting nut and piston rod guide. Replace appli­
cation handle and handle retainer nut.
With the application handle in the released

position and air pressure at port "A", there should
be no leakage through ports "B" and "E". A leak
at either of these ports indicates leakage at the
valve insert caused by dirt, damaged or worn in­
sert, damaged or worn insert seat, or a bent ex­
haust valve stem.

With the application handle in the applied posi­
tion, air pressure present at port "A", and with
port "B" plugged, there should be no leakage at
port "E". A leak at port "E" indicates leakage at
the exhaust valve insert caused by dirt, damaged
or worn insert, damaged or worn insert seat, or a
bent exhaust valve stem. This could also be caused
by a damaged or worn piston cup.

PILOTAIR VALVE
Disassembly

Remove the cotter from one end of cam roller
lever pin and remove pin and roller from valve
body. See Figure B-28.
Remove snap ring securing the plunger guide

into body. Entire assembly may now be removed.
Individual parts may now be separated and

inspected.

Reassembly
Wash all metal parts in cleaning solvent. Wash

all rubber parts in soap and water. Dry all parts
with low pressure air jet.
Lubricate all friction surfaces, including packing

FIGURE B-28. PILOTAIR VALVE, nCTIONAL
1. Cotter 3. Plunger Guide 5. Snap Ring
2. Cam Roller 4. Plunger 6. Body

rings with a wide temperature range grease.
Replace parts back into body in reverse order

of removal. Secure with snap ring.
roller and lever Pllrl--SleCllll

FIGURE B-29. FUEL TANK
1. Drain Plug 2. Fuel Tank 3. Filler Cap

FUEL TANK
The fuel supply system cleans, contains, pre­

pares and controls the flow of fuel to the engine.
The use of a good grade of fuel oil and proper
care of the filters are some of the most important
factors of engine care and maintenance. Dirty fuel
may contain solid material which is abrasive. If

some of this material reaches the fuel injection
system the finely finished surfaces will become
damaged and the fuel injection equipment will
no longer function properly.
Under such circumstances, the engine will be­

gin to show symptomsof loss of power, incomplete
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combustion. hard starting. missing and other forms
of erratic operation.

Keep all fuel lines tight and free from leaks.

Removal
Disconnect fuel lines to fuel tank at connections

on rear of main case.
Remove capscrews and lockwashers securing

the auxiliary transmission guard plate to fuel tank

Replace fuel oil filters periodically. Drain sediment
from fuel tank before each shift. Refer to section
"K" for maintenance and lubrication instructions.

bracket and remove plate.
Attach hoist to fuel tank and remove the three

mounting bolts which secure the tank bracket to
the main case.

TROUBLE SHOOTING
TROUBLE:Compressor fails to maintain adequate
pressure in air system.
CAUSE: Dirty air cleaner.
REMEDY:Remove air cleaner. Clean all parts

in cleaning solvent. Refill cup and
replace in machine.

CAUSE: Excessive carbon in compressor cylin­
der head or discharge line.

REMEDY:Clean head and line of carbon and
replace if necessary.

CAUSE: Discharge valve leaking.
REMEDY:Repair or replace compressor cylin­

der head if excessive leakage is
found.

CAUSE: Inlet valve stuck open.
REMEDY:Check condition of inlet valve. If

there is excessive clearance be­
tween the inlet valve bushings and
the inlet valves. both may have to
be replaced.

CAUSE: Excessive leakage of inlet valves.
REMEDY:Inlet valves pitted or worn. Must

be ground to their seats. If valve
seats are too badly pitted or worn.
inlet valve and seats must be re­
placed.

TROUBLE:Compressor passes excessive oil.
CAUSE: Excessive wear.
REMEDY:Replace compressor or worn parts.

CAUSE: Oil return line to engine crankcase
plugged.

REMEDY:Remove line and clean.
CAUSE: Compressor crankcase flooded.
REMEDY:Remove oil return line and clean.

CAUSE: Piston ring improperly installed.
REMEDY:Remove pistons and reinstall rings.

Be sure to stagger ring gaps.
TROUBLE:Noisy operation.
CAUSE: Loose drive pulley.
REMEDY:Tighten pulley.

CAUSE: Excessive carbon in cylinder head or
discharge line.

REMEDY:Clean head and line of carbon. Re­
place if necessary.

CAUSE: Worn or burned out bearings.
REMEDY:Replace bearings.

CAUSE: Excessive wear.
REMEDY:Replace compressor or worn parts.

TROUBLE:Compressor does not unload.
CAUSE: Defective unloading piston grommet.
REMEDY:Replace grommet.

CAUSE: Unloading cavity plugged with carbon.
REMEDY:Remove cylinder head. disassem­

ble and clean.
CAUSE: Unloading mechanism binding or stuck.
REMEDY:Disassemble and clean all parts

with a cleaning solvent. Replace
all worn parts.

Treadle Valve
TROUBLE:Brakes do not release or release slowly
when foot pressure is removed.
CAUSE: Improper adjustment prevents or lim­

its exhaust valve opening.
REMEDY:Readjust exhaust valve.

CAUSE: Piston sticking in valve body.
REMEDY:Clean and lubricate piston and

springs.
TROUBLE:Valve will not meter applied air pressure
properly.
CAUSE: Weak or broken metering spring.
REMEDY:Replace metering spring.
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TROUBLE:Brakes apply with valve in released posi­
tion.
CAUSE: Improper adjusting holding inlet valve

open.
REMEDY:Readjust valve.

TROUBLE:Air brake not functioning properly.
CAUSE: Leaks in air system.
REMEDY:Check entire system for leaks.

CAUSE: Clogged air line.
REMEDY:Locate clogged line and remove

obstruction.
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COCKPIT AND ENGINE
COCKPIT
Removal

STEP GEAR TRANSMISSION
Remove battery ground cable from battery post

and fasten it away frompost to prevent accidently
shorting out battery.
Open air tank bleeder valve and completely

bleed the air system.
Remove capscrews and lockwashers securing

exhaust shield flange to hood. Remove clamp
fastening exhaust pipe to exhaust side of turbo­
charger. Lift exhaust pipe and shield from hood.
Remove the four bolts fastening dry type air clean­
er mounting bracket to the hood. Block under air
cleaner to keep it from falling. (Dry type air
cleaner may be removed if desired).
Remove the two bolts fastening oil bath air

cleaner and rectifier housing to hood.
Remove the capscrews fastening the hood to the

cockpit. side sheets. and to radiator grille. Lift off
hood. Remove side sheets.
Loosen the capscrews in the cockpit deck plate

mounting clips. Turn clips and remove cockpit
deck plate.
Disconnect headlight wires at left head light

and pull cable through the conduit. Unscrew con­
duit locking nut from under instrument panel and
remove conduit.
Disconnect air lines to transmission pre-select

valve.
Remove cover and disconnect leads from steer­

ing main switches.
Disconnect cable from instrument panel to

cranking motor solenoid.
Disconnect cable from instrument panel to P. T.

fuel pump solenoid.
Remove cover from parking brake sheave in­

spection port on left side of cockpit and disconnect
parking yalve wire rope from handle. Loosen jam
nut and back out adjusting screw. This screw is to
prevent the cockpit side sheets from pulling in
when parking brake is applied.
Support fender with hoist; remove mounting

capscrews and lockwashers and remove fender.
Both fenders are to be removed.
Remove coolant temperature bulb from engine

block.
Disconnect throttle linkage.
Disconnect air lines to clutch assist air valve

and air chamber.
Disconnect tubing from cold weather starting

aid pump.
Remove knobs from transmission and auxiliary
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transmission shift levers. Disconnect flywheel
clutch pedal linkage.
Disconnect air compressor to governor air line

at the compressor.
Remove treadle valve to rear junction block air

line from clips under cockpit and disconnect line
from treadle valve.
Disconnect the main cable from switches and

from clips securing it to the under side of the cock­
pit. Also disconnect the cable that goes from the
D.C. field switch to the panel. at the panel.
Disconnect the engine oil pressure line from the

fitting on the cockpit fire wall.
Disconnect the air lines from the air tank to the

junction block and from the junction block to the
trail unit brakes.
Remove the four mounting bolts securing the

cockpit to the case. Attach hoist to cockpit and
raise slightly. Check for any wires. hoses. tubing.
or controls which may have been overlooked and
left connected.
Lift off cockpit and lower to floor. Lower care­

fully and place on blocks to prevent damaging
wires. hoses. cables. tubing or controls.

FIGURE C-1. POWER SHin COCKPIT, REMOVED

POWER SHIFT TRANSMISSION
Follow the above instructions and include the

following steps.
Remove transmission oil pressure line. and

transmission oil temperature bulb from transmis­
sion.
Remove cotter and pin securing transmission

selector linkage to selector control valve lever on
transmission.



Remove cotter and pin securing hydraulic re­
tarder lever linkage to retarder control valve on
transmission.

Disconnect transmission filler pipe at connec-

ENGINE
Removal

STEP GEAR TRANSMISSION
Removehood. radiator. cockpit and dry type air

cleaner.
Remove tubing from starting aid tank. Be sure

valve is closed before removing tubing.
Drain lubricating oil from Luber-Finer oil filter.

Disconnect all lines from bottom of filter. Remove
capscrews and lockwashers fastening filter brack­
et to Tournapull case and lift filter and bracket
fromcase.

1. Luber-Finer
2. Oil Lines

3. Starting Aid Tank
4. Air Compressor

5. Brocket
6. Fuel Filter

Disconnect air line that goes from compressor
head to air supply tank.
Disconnect fuel lines from fuel filter. fuel pump.

and fuel return manifold at the engine.
Loosen nut on the clip holding the generator

grease tube against the case and remove grease
tube from under clip (if so equipped).
Disconnect generator to transformer leads at the

generator terminal strip. Also remove the cable
from the cable clamp securing it to the generator
end bell.
RemoveTournapull rear belly pan.
Remove cotter. nut. and washer from rear of

drive shaft and pull the parking brake drum and
key from shaft. Remove bearing retainer and
shims.
Remove the snap ring from inside the spacer.

Pull out on drive shaft as far as possible {approxi­
mately 15 inches or until it hits a stop).
Attach hoist to engine and transmission and

tion under cockpit floor plate.
Disconnect tachometer cable (if equipped).
Lift off cockpit and place on blocks as described

above.

FIGURE C-3. TRANSMISSION HANGER AND ADAPTOR
1. Adaptor Boot 3. Hanger Bolts 5. Hanger
2. Hose Clamps 4. Shims 6. Transmission

take up any slack.
Loosen lockscrews in hose clamp holding the

transmission adaptor boot to the adaptors {Fig.
C-3l.
Remove engine front mounting bolts. engine

rear mounting bolts. and transmission hanger
bolts. Hoist engine very slightly and remove shims
from all mounting pads. Keep shims grouped to­
gether as they MUSTbe replaced in the same po­
sition fromwhich they were removed.
If engine. generator and transmission are

mounted in cradle type mount. remove engine
front mounting bolts and the bolts securing the
cradle mount to the Tournapull case {Fig.C-6l.
Recheck around engine. generator. and trans­

mission to see if any cables. controls. hoses. or
tubes have been left connected.
Hoist engine. generator and transmission and

pull forward out of case. Place on stand or blocks
for service or further disassembly.

POWER SHIFT TRANSMISSION
Removehood. radiator. cockpit and dry type air

cleaner.
Disconnect tubing from starting aid tank. Be

sure valve is closed before removing tubing.
Drain oil from Luber-Finer lubricating oil filter.

Disconnect all lines from bottom of filter. Remove
capscrews and lockwashers fastening filter brack­
et to Tournapull case and lift filter and bracket
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from case. See Figure C-2.
Disconnect air line that goes from compressor

head to air supply tank. Disconnect fuel lines from
fuel filter, fuel pump and fuel return manifold at
the engine.

Loosen nut on the clip holding the generator
grease tube against the main case and remove
grease tube from under clip (if so equipped),

Pull parking brake wire rope {from rear of ma­
chine} through sheave and guide tube. Remove the
capscrews and lockwashers at each end of the
guide tube and remove guide tube from transmis­
sion.

Disconnect generator to transformer leads at the
generator terminal strip. Also remove the cable
from the cable clamp securing it to the generator
end bell.

Remove hose from "out" side of transmission to
heat exchanger from clamps securing it to the left
side of main case.

Remove hose from "in" side of transmission to
heat exchanger from clamps securing it to the
right side of main case.

Remove Tournapull rear belly pan.
Remove cotter, nut, and washer from rear of

drive shaft and pull parking brake drum and key
from shaft. Remove bearing retainer and shims.

Remove snap ring from the spacer. Pull out on
drive shaft as far as possible (approximately 15
inches or until it hits a stop).
Remove capscrews and lockwashers fastening

transmission adaptor to the rear case.
Attach hoist to engine end transmission and

take up any slack.

FIGURE C-4. FRONT ENGINE MOUNT
1. Mounting Bolts 2. Shims

FIGURE C-5. REAR ENGINE MOUNT
1. Mounting Bolt 3. Shims2. Mount

Remove engine front mounting bolts, engine
rear mounting bolts, and transmission hanger
bolts. Hoist engine very slightly and remove shims
from all mounting pads. Keep shims grouped -to­
gether as they MUSTbe replaced in the same po­
sition from which they were removed.
If engine, generator and transmission are

mounted in a cradle type mount, remove front en­
gine mounting bolts and the bolts securing the
cradle mount to the transmission case. Use figure
C-6 for reference.
Recheck around engine, generator, and trans­

mission to see if any cables, controls, hoses or
tubes have been left connected.
Hoist engine, generator and transmission from

case. Place on stand for service or further disas­
sembly.

FIGURE C-6. CRADLE TYPE MOUNT
1. Side Sheet 2. Adaptor 3. Rear Plate

Installation
assembling the individual components to each
other.
Clean the outside of the engine thoroughly to

remove the accumulated coating of grease and

STEP GEAR TRANSMISSION
Engine, generator, clutch and transmission are

to be installed in the case as a single unit. Refer
to other sections of this manual for instructions on
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dirt. Clean the inside of the Tournapull case to
remove any accumulation of dirt. grease or other
foreign material present.

Attach hoist to engine, generator and transmis­
sion and position unit into main case.

Replace the engine and transmission mounting
bolts (with shims) in the positions from which they
were removed. Tighten the mounting bolts se­
curely.

Mount a dial indicator on the transmission
mainshaft splined adaptor sleeve. It must be
mounted so that it will indicate the inside diame­
ter of the transmission adaptor bore in the main
case.
Rotate the transmission mainshaft to indicate

the ID of the adaptor bore. The indicator readings
must be within a total of at least 0.040" out of
round in relation to the center of the adaptor bore.
Change position of indicator so that it will indi­

cate the machined adaptor mounting face around
the bore of the transmission in aiD" diameter
circle.
Transmission output shaft must be at right an­

gles to the machined face on the case within
0.010" total indicator reading. Indicate the ma­
chined surface and note readings at top, bottom
and each side.
Due to the weight of the generator and trans­

mission, the output shaft of the transmission will,
when the rear of the transmission is unsupported
drop 0.042" below the center line of the engine
crankshaft, and 0.011" out of square with relation
to the adaptor mounting face. The transmission
will be 0.033" low at the rear transmission hanger.
In order to bring the generator and transmission

in line with the engine crankshaft when aligning
these components in relation to the bore in the
case, allowance will have to be made for this
droop and out of square condition.
Align the engine, generator and transmission

assembly to the bore in the case, by means of the
engine mounting shims and by shifting the assem­
bly from side to side. CHECKBORECONTINUAL­
LY WITH A DIAL INDICATORDURINGALIGN­
ING PROCEDURE.
When the indicator reads 0.042" low at the bot­

tom of the ID of the bore, but equally spaced in
relation to the sides of the bore, measure the dis­
tance between the top of the rear transmission
hanger and the block where it butts up against
the main case. Add shims between the hanger and
the main case in the amount of the measured gap
between the hanger and the main case less 0.033".
Install transmission hanger capscrews and pull

hanger into place.

Indicate case bore ID and machined face. Indi­
cator should read no more than a total of 0.040"
in the bore ID, or more than a total of 0.010" on
the face. If readings do not come within these re­
quirements, re-shim.
If engine, generator and transmission are equip­

ped with cradle type mount the engine, generator
and transmission must be assembled together as
a complete unit and the mounting cradle installed.
Hoist entire assembly into case and lower onto the
mounting pads. Mount dial indicator on transmis­
sion mainshaft and indicate the ID of the adaptor
bore in the Tournapull rear case. Indicator read­
ings between any two points around the bore must
not vary over 0.040" total indicator reading be­
tween any two points. Make note of readings. Posi­
tion the indicator pad so that it will indicate the
machined boss of main case around the adaptor
bore, in aiD" diameter circle. Take readings all
around the machined boss. Readings must not

FIGURE C-7. TRANSMISSION REAR MOUNT
1. Bracket 2. Bolt 3. Nut 4. Transmission

vary over 0.010" total indicator reading. If read­
ings are not within the specified limits, shift the
entire engine, generator, transmission and mount­
ing cradle assembly up or down; or shift from side
to side, until the correct readings are obtained.
Tighten engine and transmission mounting bolts. .
to correct torque and recheck by again indicating
diameter of adaptor bore in case, and the ma­
chined surface of the case.
Replace the transmission adaptor between main

case and transmission. Coat the mating surfaces
with a thin coating of Permatex. Engage the inter­
nal splines of the drive shaft hub with the external
splines on transmission mainshaft splined adaptor
sleeve. Replace adaptor boot and secure with
hose clamps. See Figure C-8.
Replace spacer and snap ring into bore of the
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auxiliary transmission. Replace shims, bearing
retainer and oil seaL and secure with capscrews.
Install key into keyway on drive shaft and replace
parking brake drum. Secure with flat washer,
castellated nut and cotter. See section "H" for
procedure on readjusting the parking brake.

Reconnect all controls, cable, hoses and tubing.
Complete installation of all assemblies removed.

FIGURE C-8. TRANSMISSION ADAPTOR
1. BootAdaptor
2. HoseClamp
3. Transmission Adaptor

4. TransmissionMainshaft
5. Adaptor Hub
6. Boot 7. DriveShaft

POWER SHIFT TRANSMISSION
Engine, generator and transmission are to be

installed in the case as a single unit. Refer to
other sections of this manual for instructions on
assembling the individual components to each
other.
Clean the outside of the engine thoroughly to

remove the accumulated coating of grease and
dirt. Clean the inside of the Tournapull case to
remove any accumulation of dirt, grease or other
foreign material present.
Attach hoist to engine and transmission and

position unit into main case.
Replace the engine and transmission mounting

bolts (with shims) in the position fromwhich they
were removed. Tighten the mounting bolts se­
curely.
Mount a dial indicator on the transmission

mainshaft splined adaptor sleeve. It must be
mounted so that it will indicate the diameter of
the transmission adaptor bore in the main case.
Indicate the inside diameter of the adaptor bore.

The indicator readings between any two points

around the bore must NOTvary over 0.04011 total
reading.
Add or subtract shims at mounting points to ob­

tain the correct indicator readings. Continue
checking the bore measurement as shims are re­
moved or added.
Now reposition the dial indicator pad so that it

will indicate the machined boss of the main case
around the adaptor bore, in a 1011 diameter circle.
Take readings all around the machined boss.

Readings must not vary over 0.01011 total indicator
reading. If readings are not within the 0.01011
limit, shift the assembly up or down by adding or
removing shims to the engine mounts and the
transmission mounts; or shift the assembly to one
side or the other, until the correct readings are
obtained, add necessary shims. Tighten engine
and transmission mounting bolts to correct torque
and recheck by again indicating the diameter of
adaptor bore in case, and the machined surface of
the case.
If engine, generator and transmission are in the

cradle type mount, they must be assembled into
the mount before placing into case.
Position unit into case and replace shims and

mounting bolts into positions from which they
were removed. Tighten mounting bolts securely
and then proceed as described above.
Removemounting bolts and shims and slide as­

sembly far enough forward to position the trans­
mission adaptor between main case and transmis­
sion. Position gasket between adaptor and trans­
mission and between adaptor and rear main case.
Secure to transmission with capscrews and lock­
washers. Slide engine and transmission back and
replace mounting shims and bolt. Replace cap­
screws and lockwashers securing adaptor to main
case.
Engage the internal splines of the drive shaft

hub with the external splines on transmission
mainshaft splined adaptor.
Replace spacer and snap ring into bore of the

auxiliary transmission. Replace shims, bearing re­
tainer and oil seaL and secure with capscrews.
Install key into keyway or drive shaft and replace
parking brake drum. Secure with flat washer, cas­
tellated nut and cotter. See section "H" for pro­
cedure on readjusting the parking brake.
Reconnect all controls, cable, hoses and tubing.

Complete installation of all assemblies removed.

SHIFT QUADRANT
Removal and Disassembly

Remove the cotter and pin securing the clevis
on the shift linkage to the shift lever crank.
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Remove capscrews and lockwashers securing
the shift quadrant to the mounting bracket and



remove quadrant.
Remove cotter and nut from the lever pivot bolt

which secures lever to end of shaft structure and
then withdraw the capscrew. When the bolt is

removed the plunger reactor is freed and permits
the removal of the lever plunger and spring.
Raise the lever straight out of quadrant until it

is free of shaft.

Reassembly
Slide shifting lever down through quadrant and

into shaft.
Place spring and plunger into bore of block on

shifting lever. Position plunger reactor against
plunger. Press in on plunger reactor until pivot
bolt can be inserted through reactor, shaft and

shift lever. Fasten into place with nut and cotter.
Replace quadrant on mounting bracket and se­

cure with capscrews, and lockwashers.
Reconnect shift linkage clevis to crank and se­

cure with pin and cotter.

FIGURE C-9. SHIFT QUADRANT (POWER SHIFT)
1. Lever 2. Quadrant 3. PlungerandSpring 4. PivotBolt
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A.C. GENERATOR
REMOVAL AND DISASSEMBLY

STEP GEAR TRANSMISSION
Remove engine, generator, transmission and

flywheel clutch from the. case as a unit. Refer to
Section "C" for instructions on removing these
units. Separate transmission and generator end
bell.
Remove the clutch and secondary flywheel from

the generator end bell (refer to section "E").
Disconnect the two leads to the generator brush

holders. Disconnect one at the end bell and the
other at the generator terminal strip.
Remove the socket head locking setscrew from

the generator locknut (Fig. Dvl ). Now remove the
generator locknut with a special wrench and ex­
tension handle.

FIGURE D-1. REMOVING LOCKNUT SETSCREW
1. Locknut 2. Setscrew

Remove the capscrews securing the generator
end bell to the generator stator and separate the
two units (Fig. D-2)' Press out the adaptor, bear­
ing, piston rings and retainer from the bore of the
end bell as a complete unit (Fig. D-3J.

FIGURE D·2. END BELL AND STATOR, SEPARATED
1. End Bell 3. Rotor 4. Adaptor2. Stator
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FIGURE D·3. ADAPTOR, REMOVED
1. End Bell 2. Bearing 3. Adaptor 4. Shims

Remove piston rings from grooves in the adap­
tor hub and slide retainer ring and bearing from
hub.
Remove capscrews holding stator to engine.

Pull stator straight away from rotor, taking care
not to damage windings (Fig. D-4)'
Remove rotor by backing out capscrews after

cutting lockwires. To prevent damage to rotor
windings, sling rotor to keep it from dropping to
the floor when capscrews are removed. Take cap­
screws only half way out, pull on rotor, then take
the capscrews completely out. CAUTION: Tape
threads on ends of rotor shaft to prevent damage
to them.

FIGURE D.4. REMOVING STATOR
1. Rotor 2. Brush Assembly 3. Stator 4. Cepscrews

POWER SHIFT TRANSMISSION
Remove engine, generator and transmission

from case as a unit. Refer to section "C" for re­
moval instructions.
Place unit on stand or floor and block securely

J



to prevent movement. Attach chain hoist to lifting
eyes on transmission and take up slack.

Remove capscrews and lockwashers securing
cover plates and gaskets to inside of generator
end bell (Fig. D-S)' Remove plates and gaskets.

With a socket wrench reach in through the hand
holes in the generator end bell and remove the
capscrews securing the flexible flywheel to the
transmission flywheel. It will be necessary to put
the transmission in neutral and bar the engine
over to bring all of these capscrews in line with
the hand holes in the end bell.
Remove the capscrews and lockwashers secur­

ing the transmission case to the generator end
bell. Separate by pulling the transmission straight
to the rear.

FIGURE D-5. GENERATOR END BELL
1. End Bell 2. Transm ission 3. Cover Plates

Remove capscrews securing flexible flywheel
to generator adaptor structure and remove fly­
wheel and hub disc fromadaptor.
Proceed to disassemble generator and adaptor

as described for the step gear transmission.
BRUSH ASSEMBLY
Remove the socket head capscrews holding the

two pairs of brush holder half-rings together. Re­
move the half-rings, brush segments and springs
fromaround the rotor shaft (Fig.D-7)'
The brush segments, tension springs, half-rings,

clips and bushings may now be separated.
Check for grounds or shorts between brush

holders or between brush holder and the frame of
the machine. Be sure the insulated bushings are
not crushed or broken.

FIGURE D·6. SECONDARY FLYWHEEL
1. Flywheel 2. Adaptor 3. Capscrews

REASSEMBLY
BRUSH ASSEMBLY
Assemble the two top half-rings, brush seg­

ments, insulated bushings and tension spring.
Compress spring by squeezing half-rings together
and place over rotor shaft between the rotor slip
rings, and separated by the center insulating
washer.
Assemblebottomhalf-rings in the same manner.

Place clips on bottom half-rings, compress spring
and place over bottomof rotor shaft.
Replace socket head capscrews and lockwash­

ers.
STEP GEAR TRANSMISSION
Inspect the stator windings. Remove any ac­

cumulation of grease and dirt with a low pressure
siphon hose and a cleaning fluid, such as carbon
tetrachloride. After the windings have been
washed down with the cleaning fluid, blow off the
excess with compressed air.
Install rotor on engine flywheel and secure with

capscrews and lockwires. Replace the stator over
the rotor and secure to flywheel housing with cap-

FIGURE D·7. GENERATOR BRUSH ASSEMBLY
1. Capscrew 2. Half Ring 3. Insulating Washer

screws and lockwashers. Torque capscrews to 40
ft. lbs. Reconnectleads to generator brush holders.
Install and secure end bell to generator stator

with capscrews and lockwashers. Repack ball
bearings with high temperature ball bearing
grease.
Install the ball bearing onto the hub of the
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adaptor structure. Slide the retainer ring onto the
hub until it has passed the piston ring grooves
(beveled edge of ring away from adaptor). Place
the two piston rings in the grooves of the hub.
Compress the rings and position the retainer ring
over them, thus holding them in the compressed
position.

Now start the adaptor hub into the bore of the
end bell. This will force the retainer ring back.
Freeing the piston rings in the bore of the end bell.

Assemble the adaptor and torque the locknut
to 1200 ft. lbs. Replace socket head setscrew.

To determine the amount of shims required (if
any) between the generator rear bearing and the
bottom of the bearing bore in the end bell, first
check the engine crankshaft end play with an in­
dicator. Record the amount of end play for future

FIGURE D-S. BRUSH AND HOLDER
I. Spring
2. Brush Segments

3. Half Ring
4. Capscrew

5. Clip

reference.
Move the engine crankshaft as far forward as

possible and hold in this position. Move the bear­
ing forward until it bottoms in the bore.
Check the distance between the inner race of

the bearing and the shoulder of the adaptor with
a feeler gauge.
Add 0.00I" to the distance between the bearing

and shoulder. Insert shims equal to this total dis­
tance, between the bearing and bottom of the bore.
Recheck the crankshaft end play. The amount

of end play should be reduced to approximately
0.001" to 0.002".
Complete reassembly of unit.

POWER SHIFT TRANSMISSION
Assemble unit as described for step gear trans­

mission. Place hub disc into adaptor bore. Position
flexible flywheel onto adaptor and hub disc. Se­
cure with capscrews torqued to 70 ft. lbs.
Position gasket on transmission mounting face

of end bell. Hoist transmission case against end
bell and secure with capscrews. The three top
capscrews securing the transmission to the gen­
erator end bell must be lock wired. These cap­
screws are installed through the inspection port
at the top of the converter housing.
By reaching in through hand holes in end bell

replace the capscrews securing the flexible fly­
wheel to the transmission flywheel. Torque the
capscrews to 70 ft. lbs. It will be necessary to bar
the engine over to reach all the capscrews.
Replace hand hole gaskets and covers.
Complete reassembly of unit.

RECTIFIERS
The rectifiers are mounted above the engine

air cleaner. They are enclosed in an extension to
the air cleaner body so that air entering the air
cleaner passes across the rectifier plates before
reaching the air cleaner. This flow of air across

the rectifiers keeps them from overheating.
The rectifier assembly consists of two separate

rectifiers. They are the battery charging and com­
pensating rectifier, and the booster rectifier.

Removal and Disassembly
Remove capscrews and lockwashers fastening

cover plate to rectifier housing.
Pull cover plate and gasket, with rectifiers at­

tached from housing.
Disconnect the wires to the rectifier terminals.

Mark them as they are removed to facilitate recrs-

sembly.
Loosen cable clamps on cover and pull cables

from cover plate.
Loosen nuts on each end of rectifier mounting

bolt and slide rectifier from between mounting
bracket ears.

Reassembly
The rectifiers should never be interchanged. Re­

placement must always be made with a rectifier
with the same number of plates and stacked in the
same way as the one being replaced.
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Replace rectifiers between the mounting brack­
et ears and tighten nuts on mounting bolts. Use
the following guide for reconnecting the leads to
the rectifier terminals.
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The a.c. terminals are color coded yellow and
are not connected by a terminal bar.
The d.c. positive terminal is color coded red and

is always connected to the brass collector ring on
one end of the rectifier. It is in between the three
a.c. terminals and the d.c. negative terminal.
The d.c. negative terminal is color coded black

end is on the opposite side of the a.c. terminals.

FIGURE D·9. RECTIFIER HOUSING
1. Housing 2. CoverPlate 3. Air Cleaner

TRANSFORMERS
The transformer assembly consists of two trans­

formers. They are the flux bridge transformer (or
main transformer) and the voltage control trans­
former.

Removal
Remove right hand cockpit floor plate. Discon­

nect leads from terminal strip on transformer to
be replaced.

across from the d.c. positive terminal.
Slide rectifiers into housing. Secure cover and

gasket to housing with capscrews and lockwash­
ers.
Later rectifiers are coded with symbols: A.C. for

alternating current; + for positive d.c.; and - for
negative d.c.

FIGURE D·10. RECTIFIERS
1. MountingBolts
2. Resistor
3. BatteryChargingand

CompensatingRectifier

4. BoosterRectifier 8. Gasket
5. PositiveTerminal(+)
6. NegativeTerminal(-)
7. A.C.Terminal

The transformers are mounted under the cockpit
floor plate against the right hand side of the cock­
pit wall.

Removemounting bolts and lift transformer from
cockpit.

Replacement
Secure replacement transformer to cockpit wall

with mounting bolts.

FIGURE D.ll. TRANSFORMERS
1. VoltageControlTransformer 2. FluxBridge(Main)Transformer

Reconnect leads to terminal strips.
Replace cockpit floor plate.

i,
p
U
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L

FlGURE D.12. BAnERIES
1. Battery 2. Cover 3. Spacer 4. HoldDownPlate
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BATTERIES
The Model B Tournapull is equipped with two

12 volt batteries connected in series to provide 24
volts D.C. The batteries are mounted in the bat­
tery box on the left side of the Tournapull nose
section.
The batteries provide the necessary direct cur­

rent for the operation of the cranking motor, in­
struments, lights and the initial excitation of the
A.C. generator.
Always operate the batteries at or near full

charge and keep the electrolyte at the proper lev­
el. A battery half charged or less cannot be de­
pended upon for starting and wears out rapidly.
A low battery usually indicates that the charging
system is out of adjustment. The charge rate can
be varied by adding or removing shims under the
flux bridge. Adding shims increases the charge
rate and removing shims decreases it.
Keep the electrolyte above the plates so the

battery can produce its full capacity and not be
damaged by overheating. Maintain battery water
level from the top of the plates to 3fa /I above the
plates.
Distilled water (never boiled or filtered) or wa­

ter from local sources approved by the battery
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manufacturer should be used for filling storage
batteries.
The best time to add water is just prior to oper­

ation. This insures a good mixture between the
water and electrolyte. The water will stay on top
in cold weather and freeze at about 32° F., unless
it is thoroughly mixed.
The batteries should be kept clean and dry.

Dirt and dampness furnish a path for electricity
to leak away. Connectionsmust be clean and tight
to reduce resistance to the flow of current.
Dirt should be brushed off with a stiff bristle

(non-metallic) brush. Wipe with a cloth wet with
ammonia or bicarbonate of soda (one pound of
soda to a gallon of water). Wash off with water.
Examine vent plugs to see if the gas escape holes
are clean afterwards.
Corrosion should be removed by scraping off

with a stiff bristle (non-metallic) brush. Wash
with ammonia or soda solution. After rinsing with
clear water and drying, a thin coating of terminal
grease or vaseline should be applied to the termi­
nals. Do not apply grease between battery post
and battery cable clamp.
Refer to section UK"of this manual for mainte­

nance and instructions.
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FLYWHEEL CLUTCH AND LINKAGE

FLYWHEEL CLUTCH
Removal and Disassembly

Disconnect and remove transmission as de­
scribed in section "F".
Attach hoist or sling about the clutch assembly

and take up the slack. Place four 3/S II x 16 hold
down bolts through the holes in the back plate
and thread them into the tapped holes of the pres­
sure plate. These bolts should be approximately
511 in length and with sufficient washers on each
one to permit their being drawn down snug to the
back plate.
Remove the capscrews and lockwashers secur­

ing the clutch assemb.lyto the secondary flywheel
and removeclutch. As the clutch is separated from
the flywheel, the front clutch plate will fall free.
Place clutch assembly on bench for further disas­
sembly (with back plate up). See Figure E-l.

The flywheel clutch serves as a connecting link
between the generator rotor shaft and the trans­
mission, by means of which flow of power from
the engine to the transmission can be interrupted
for the purpose of shifting gears, starting and
stopping.
The flywheel clutch is a heavy duty, double

disc clutch, controlled by the clutch pedal in the
cockpit. It is mounted to the secondary flywheel
and is enclosed within the generator end bell and
the transmission bell housing.

FIGURE E-l. CLUTCH REMOVAL
1. Adaptor 3. Hold Dawn Bolls Go Here
2. Back Plate 4. End Bell

To assure correct reassembly, paint mark the
clutch cover, center plate, pressure plate and the
adaptor. Remove the capscrews and lockwashers
securing the back plate to the adaptor.
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The clutch is normally in the engaged position,
and the flow of power passes from the engine
through the generator rotor and clutch to the
transmission. To break this flow of power to the
transmission, the clutch is disengaged by depress­
ing the clutch pedal.
When the operator presses down on the clutch

pedal, the pedal moves forward and, through the
action of the clutch pedal air valve, chamber and
linkage rotates the clutch release shaft and turns
the release yoke, disengaging the clutch.

FIGURE E-2. REMOVING BACK PLATE
1. Adjusting Nut
2. Hold Dawn Bolts

3. Release Levers
4. Back Plate

FIGURE E-3. REMOVING SPRINGS
1. Eyeballs 2. Springs 3. Pressure Plate

Place the clutch in an arbor press or clutch
overhaul machine and remove the hold down bolts
from the back plate. Should a press not be avail­
able, proceed as follows:
By alternately removing and replacing two of

the four hold down bolts and using a decreasing
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number of washers each time, the back plate may
be letely released from the spring tension

-iW'I',!, I"..-z).

off the clutch adjusting nuts from the
release lever eyebolts. Lift the back plate

from the clutch assembly and remove the springs
from the pressure plate (Fig. E-3)'
Remove cotter and washer from each lever pin

and withdraw pins. Lift lever assemblies from be­
tween the mounting ears (Fig. E-4l.
The needle bearings located in the mounting

ears of the lever assemblies may be removed if
necessary by pressing or tapping them from their
position.
Remove the lever pivot pin holding the eyebolt

FIGURE E-4_ REMOVING RELEASELEVER
1. Lever Pin 3. Locknut 5. Anti-rattle Spring
2. Needle Bearing 4. Bushing 6. Pressure Plate

and spring into place in each lever. Remove the
eyebolts and springs, noting position of springs in
order to reassemble correctly. Tap or press needle
bearings fromeyebolts if necessary.
Remove the four locknuts, return screw bushings

and the anti-rattle springs from each of the center
plate return screws which secure the pressure
plate to the center plate.
Raise the pressure plate and the rear clutch

plate fromthe center plate.
Remove the two flat washers and the plate

separator springs from each return screw (Fig.
E-5)'
Lift adaptor from center plate. Remove the four

return screws from the studs in the center plate.

FIGURE E-5_ REMOVING SEPARATOR SPRINGS
1. Plate Separator Spring
2. Return Screw

3. Center Plate
4. Adaptor

Reassembly
Place the center plate on a flat surface with the

rear side up (rear side has countersunk holes in
the drive lugs). Insert the four center plate return
springs into the plate from the bottom. On each of
these screws, place in the following order: wash­
er, plate separator spring (4 coils), another wash­
er and then the anti-rattle spring (5 coils).
Position the front clutch plate on top of the

center plate with the hub face up, or toward the
rear of the clutch. Position the pressure plate over
the rear clutch plate so the four return screws and
anti-rattle springs enter the holes in the pressure
plate. Place the bushings over the return screws
with the small end of the bushing into the pres­
sure plate hole and secure into place with the
self locking nuts.
NOTE:These return screw bushings must be ad­

lusted to a specific clearance after the clutch is in­
stalled.

Replace the spring and eyebolt in each lever
and secure in place with the lever pivot pin. (Flat
on eyebolt toward the mounting lever pin.)
Place the clutch thus far assembled in an arbor

press or clutch overhaul machine. Position the
release lever assemblies between the mounting
ears and fasten into place with the lever pins. Se­
cure pins with the washers and cotters.
Before replacing the clutch pressure springs

they may be tested in the following manner. First
compress spring to 1 15/16" with no reading be­
ing taken. Release pressure on spring and then
compress again to 21/8". For a new spring, it
should take 190 to 200 lbs. to compress the spring
to the 21/8" measurement; for a used spring it
should take a minimumof 185pounds. Springs not
meeting these requirements should be replaced.
Place the 18 clutch springs on the pressure

plate and then position back plate on top of
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springs. Springs must be lined up with the depres­
sions in the under side of the back plate. Com­
press the clutch with the press and start the ad­
justing nuts on the eyebolts.

Assemble adaptor ring to back plate and secure
with the four capscrews.

Move the assembled clutch on to a flat smooth
surface. Place two or more long parallel bars on
this surface and then position the front clutch
plate on top of the bars. These bars must have suf­
ficient height to prevent the clutch hub from
touching the flat surface. Now place the clutch on
top of the clutch plate. Set a dial indicator or
similar device, on the protruding part of the paral­
lel bar. A specific distance of 45/8/1 is required be­
tween the bottom (or flywheel) surface of the front
clutch plate and the top surface of each release
lever, measured at the tip. Turn the adjusting nuts
in or out as required, until this specific distance is
obtained at each of the release levers.
Place the clutch assembly in the press again

and compress the clutch until the hold down bolts
and washers can be installed and tightened into
place.
Place the front clutch plate against the second­

ary flywheel and hold in position with the align­
ing bar. Now place clutch assembly on secondary
flywheel and secure with capscrews. Remove the
hold down bolts and aligning bar.
After clutch has been secured to the secondary

flywheel, hand crank the engine to such a position
as to bring one of the center plate screws adjacent
to the opening in the clutch housing. Engage the
clutch and check for a 1/16/1gap between the lip
of the return screw bushing and the pressure
plate. Tighten or loosen the locknut, whichever is
necessary, until the correct gap has been obtained.
Repeat this procedure for each of the four bush­
ings.
The clutch assembly release levers are properly

adjusted at the factory before the equipment has
been shipped. They should not require any further
adjustment until the clutch plates have become
worn, or if for some reason, the clutch has been
disassembled. However, before installing a new or

FIGURE E-6. CLUTCH ADJUSTMENTS
1. Center Plate
2. .175" Clearance
3. 1/16" Clearance
4. Return Screw Bushing
5. Pressure Plate

6. Straight Edge
7. Steel Rule
8. Release Lever
9. 1 3/16" Distance

10. Adjusting Nut

reassembled clutch, it would be advisable to
check this adjustment as a precautionary measure.
This check is a simple operation and requires only
a straight edge and a small accurate machinist
type steel rule.
After the clutch assembly has been installed on

the flywheel and the hold down bolts have been
removed, place the straight edge across the back
of the clutch assembly, and measure the distance
from the bottom of the straight edge to the top of
the free end of each of the release levers, as
shown in Fig. E-6. The distance should be 1 3/16/1
on each release lever. If necessary, adjust the le­
vers with the adjusting nuts on the eyebolts. Make
certain all levers measure the same.
Replace the transmission and complete the re­

assembly of the machine as outlined in section
"F".

CLUTCH LINKAGE
Toenable the operator to more easily disengage

the clutch, an air valve and air chamber have been
incorporated into the clutch linkage. These units
act as an air assist to the mechanical clutch link­
age. There is also a clutch brake which slows
down the transmission gears ,toaid in shifting the
transmission.
As the clutch pedal is depressed the pull rod is
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moved out from the valve and the actuating lever
in the brake valve is pulled with it. The end of the
actuating lever contacts the piston spring seat and
forces the piston assembly to move forward. The
exhaust valve seat in the piston assembly con­
tacts the exhaust valve, closing it. Continued
movement of the piston after the exhaust valve is
closed, forces the inlet valve off its seat, opening
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it. Air pressure then flows through the open inlet
valve to the cavity beside the piston. This cavity
is connected to the air chamber. The air pressure
applied to the air chamber disengages the fly­
wheel clutch by rotating the clutch release shaft.

Releasing the clutch pedal allows the air to ex­
haust from the air chamber and air valve. As the
air is exhausted the clutch springs engage the
clutch.

CLUTCH RELEASE AIR VALVE

Removal and Disassembly
Disconnectair lines fromvalve.
Remove clevis pin securing linkage to clutch

pedal lever. Removeair valve frommachine.
Remove capscrews and lockwashers securing

the cover to valve body. Separate cover and body.
Pull cotter pin holding fulcrum pin into body.

Hold lever in body (against spring pressure) and
drive out fulcrum pin with small drift. Remove le­
ver, pull rod, washer and spring from inside body.
As lever is being removed spring pressure will

force out the spring seat, shims, piston and piston
return spring.
Remove inlet cap from other end of valve body.

Removespring, wear washer, valve assembly and
grommet frominside body. FIGURE E-7. CLUTCH RELEASEAIR VALVE

1. Air Valve 2. TaClutchPedal 3. Air Lineto Air Chamber

Reassembly
Clean all metal parts in cleaning solvent. In­

spect all parts for signs of damage, replace parts
when necessary.
Replace grommetsand oiler felt.
Install valve grommet. valve, wear washer and

spring (in that order) into valve body. Replace
inlet cap and grommet.
Install piston return spring, piston, shims and

spring seat into other end of valve body.
Replace pull rod spring, washer and pull rod

into valve body. Engage lever pin in lever into
slot in pull rod and install fulcrum pin. Turn ful­
crum pin with small screw driver until cotter can
be inserted through body and through hole in ful­
crum pin.
Replace cover and secure with capscrews and

lockwashers.
Replace unit on machine. Refer to section "K"

for adjustment procedure.

FIGURE E-8. CLUTCH RELEASEAIR VALVE, EXPLODED
1. Capscrew 5. Strainer 9. Grammet 13. Spring 17. Shim
2. Lackwasher 6. FulcrumPin 10. Baat 14. Inlet C;a~ 18. Spring Seat
3. Cover 7. Body 11. Inlet and ExhaustValve 15. PipePlug 19. Pull Rod
4. Cotter 8. Oiler 12. Washer 16. Piston 20. Lever
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CLUTCH REUASE AIR CHAMBER
Removal and Disassembly

Disconnect the air line and push rod. Remove
nuts from the mounting studs and remove the
brake chamber.
Loosen the locknut. then unscrew the locknut

fromthe push rod.
Remove the rubber boot from the cover and

push rod. Unscrew the hex head capscrews that
hold the cover to the body. They are located on
the outside diameter of the body near the mount­
ing.surface.
Remove the cover and release spring.
Unscrew the nuts holding the outer clamp to the

body. These are located at the air inlet end of the
air chamber.
Push on the push rod and the entire assembly

consisting of push rod, push plate, diaphragm
guide, diaphragm; the inner and outer diaphragm
clamps should ease out of body.
Straighten the rolled diaphragm. Remove outer

diaphragm clamp.

FIGURE E·9. CLUTCH RELEASE AIR CHAMBER
1. Air Chamber 2. Clutch ReleaseShaft

Unscrew the nuts inside the diaphragm guide.
Disassemble inner diaphragm clamp, diaphragm
and push plate-push rod assembly from the dia­
phragm guide.

Reassembly
Clean all metal parts in cleaning solvent. In­

spect the body, inner and outer diaphragm clamps
and diaphragm guide, for cracks or damage. If
found cracked or damaged they should be re­
placed. Inspect the push plate-push rod assembly.
Be sure the push rod is not bent, cracked or dam­
aged. If either of these conditions are found, re­
place the entire assembly. Replace the diaphragm
and rubber boot. Inspect release spring. If dam­
aged or cracked, replace with correct release
spring.

Stand the tubular diaphragm on end in the in­
ner diaphragm clamp. The small diameter end of
the diaphragm should be against the inner dia­
phragm clamp. Position and install the diaphragm
guide within the diaphragm and over the inner
diaphragm clamp studs. Install the push plate­
push rod assembly within the diaphragm guide
and over the inner diaphragm clamp studs.
Install nuts on the inner diaphragm clamp studs

and tighten securely. Place the assembly consist­
ing of the push rod, push plate, diaphragm guide,

FIGURE E-l0. CLUTCH RELEASE AIR CHAMBER, EXPLODED
1. Nut 7. Diaphragm 13. Boot
2. Body 8. Diaphragm 14. Nut
3. Lockwasher 9. Nut 15. Yoke
4. Outer Diaphragm Clamp 10. PushRad 16. Stud
5. Bolt 11. Spring 17. Lockwasher
6. Inner Diaphragm Clamp 12. Cover 18. Nut

E-6



diaphragm, and inner clamp inside of the outer
clamp. Roll the free end of the diaphragm back
and over the end of the outer diaphragm clamp.

The inside wall of the body should be given a
light application of a good ~ade~of .ait" brake cyl­
inder grease. The rolled surface «>i the diaphragm
also should be giv~ a light appI'ication of grease.
Slide the abov~ completed clssembly into the

body, making s11r; the end of the diaphragm fits
snugly against the shoulder in the body by posi­
t~oningthe outer diaphragm clamp studs through

TESTING
Apply air Pt19Jisu.reand observe that the push

rod moves o4,;.promptly and without binding. Re­
.leose the air press;t.l~and observe that the push '
rod returns to the. released position promptly and
without binding.
With the air pressure fully applied, check for

\" 'iff ~•• , ,tt.
....-,...... ..'""'.'.""!~=. ~:::.'- -"<.--. ..

the holes at the end of the body. Install nuts on
the outer diaphragm clamp studs and tighten se­
curely. Install release spring over the push rod
and against the push plate. Install cover over push
rod and into body. Attach cover to body with cap­
screws. Install rubber boot over the push rod and
attach to cover. Install yoke lock nut and yoke on
push rod.
Replace unit on mounting bracket. Reconnect

air line and linkage.
Refer to section "K" for adjustment procedure.

leakage through the diaphragm by checking the
clearance hole around the push rod in the cover.
This may be done by removing the rubOer boot
from the cover and coating this place with soap
suds. No leakage is permissible. If leakage is
found, the diaphragm must be replaced.
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fieartov~ iJ:~ruS\~~,nsare in.iJFtil ~,.~.,O,~.~M7~~,"nucWfor di~e_: ~~;~~ ';n~
-c: .. th' .v.ai..,fer to tr...s"~~~-~Jtl"Jt*pl"'tB"ctions. """"'~;, ,j

I ~ • "¢ ,,*, _~. __ ,.,.~. ~..-=:.:~~~.._.:....:A
of t~r .pq~,brake is ~h.w;_.lIIeii're­
select bujton located imlllCliately :be.l~ trQ:il
1}Jtit~r .qQJKro~~wijch~ _ 4 .... ' ...... t

When button is presN .,.. ",r i~H-=tJaj~ to •
tr~_ vSlve.ejpc:.tl6fadon Joa cf~.J.le __ i-Bsion.
fl¥s ViUo\r.reios normally i~ t~ clOtHW-positiQn.As
,hittt~ ia lilOV~ into lhe .utral j)OfIitjpn. the
,hitter ,.e bqq.Qpen the trigg~r _v"a. re\jtasing
air to and applyim.; the clutch, brake".>The'clutch.
brgkt· i.. .-ln.01lPtedon the ;traJllmissitJl coenter­
shaft. if\~ins Ule clutch brake sloWs dow. the
s.d pf the c~ntershaft to allo ....shjiting •. gears
witheut clashing.
~I1Plica.tiontime of the brake il"egulated auto"

matically by QJ tripping valve cmd.surqe.ehcmber
lQc~ed ilt th94;ir lines between the trigger valve.,
and the qlutch brake. As a~ e~rs _the su:qge
ch~ber and air ~lines leading to -the tripping
valve and air is built up to line pressure. the trip­
pi~. valve closes tho pre-select valve cutting off
any further flow of air to the clutch brake.
If by chance the tripping valve fails to close

the pre":se1'ectvalve. air to the bralte is automatic­
aIry cut off bj ~e trigger valve as the transmis­
sion is shifted into gear.
mfer to' "Changing Speeds" in section "A" of

thi~ manual for'"procedure to use when shifting to
eith'" a higher or l~wer gear range. . .

.••. r
11 • '-'!

I

FIGuU F-1. snp GEAR TRAN_,.,IS .... -
~ 1. ;Oil PUMp 3•. Shift Ley.r Ho~in.!f ,-.,,6. 'Ir, Guid. Cover
. 2. "'at Air Valve 4. Oil Filter 7. b..",fhall'lber .

5. Trigger VaM

This transmission is a selective gear type. ~at
when coupled with the LeTourneau-Westinghouse
auxiliary transmission provide~ 18 speeds forward
and two speeds in reverse: .' 1:

Working in conjui'lct~on with the ihain') and
auxiliary tran$missions"fs an air" opercrted. semi­
automatk. pre-select clutch brake. This brake
when applted. perIifits easier bnK'faster shifiing
witbout th~ lo.,s ot nlachine nibmentum.~~pe&tion..

..

Itemoval
~.move 'i!p:Crev _~~d.f10c~~aShel{1,.1ecurinJJ·

th~ r~r beJ.y plate to underside of TQurnapull
Inaip case qpd re.,v. ptClte. RemoWf paWn,f
bra£:e~~m fto.· teat of '~llt'liaasmiss*.

t;:1:~5t:i~~ir7~~!r:
it t~:,."{~coc,i, ~ ~ ',:,'\ \ ~n~'"'gen-
.«tor. .1itch~nd ~~~U'i \
~e~c)~e t"'smition gear t" 1•• " s~~ IXtge

r-3-, ,. , ~
Di~nect clut1! relea. shaft-~kug'<It cl\ltch

release air cy'tinaer and at clutch release air
valve. Disconnect lubri~Ji,o, lines for clutch re-
lease shaft and ~ariljlg-,.· ,
Drain lubricalrt fl't):iI!l transmission ,~:mdremove

fill pipe. ~ •. ~
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FIGURE F-2. TRANSMISSION MOUNTING B~CKET
"...,. Tillnsmission 3. Bracket' 5.• hims

2. .ptor Boot 4. Capscrew .' __



Disconnect oil _es from oil filter to ~wc'''r'' lIItk!inthem for 'tile when reC!Bseablin",
mission case and oil pump at t~""M f!I;-";, __" hi n te t~ retlr to -free..:tainshaft
pump. Remove the capscrews and lod.-w '. ers se- from th, ~. ". clutch hub.
eutln\t ttie~'" ciitd"clutchrEnea~1'~"!: .~'lfe;l .....ission through "t.>et.$1 ilf'bft-
to ~e tra~on case. Lift off~ib~1, ~r to:itt·"ca•. ~efJllnit 'bnto .il or .11 ..' Plee on

~~!:;:'=~ws and IQckwash~ ~l..:.~r .~~ beneh for hut her service or disas-,~ ..

tt'd- •• tr if f .l1li tIflmp to tra~'ssi06n eEI_:~na ~or maQiai. 411iUippectwith carJ)iert. eng_
telllov_"a"'p''Ctfd'.g~t. " .. -- Jp.$nt. rexne.cd i~ the ~e ..,it~the following
Di.eonnect air line It> pilot ~ir 4O+ve ,e_ie,tfJd e:x:ce}:>t,M. . . O'. ,it' ,

en t....... (Io11' bltil h()1l"ftg. ' . ReInOVe~e!S" •. ' :.betti, tran~lss adtJptor,
Lebs_ ~ ~ws.- in hose ~llIfJs OR dllllit:pfor and d'tI~. . , ... ;. .' ~e trcJPsmissi .'anJ take

boot and re~ clomps. Remove capsc~ aa~ up. ~l ' c, .iev~' an ' ~~n!i.i<\n{; t~ hansmis-
lockwdlj~f. Securilngthe tranltmissoiOi!.~* to SiO~'nJ.o..'. ti~ ~rt.Re~e 'th .. ca~r,a;, a..rid
the ttWnsm_ion, and the case m.. tor Wthe ~a' lock~_rs '~l9ing Jhe ,,~n. is.;iorl,fartlea'
case. "Remo~eadaptor ass~m_blY.... . : back pla1re(Q foh.e plates. ,Lift\te1p'te 'om
A~h .ng fIJ. transmlSSlon arl& taktlf u.jf the '. 1iOJtlrel:pi~.1_n back

slacll. Remo~ bolts. from transmissitm ~dkets at . ~e. "litIclei'J:liate has
both .&e traesrxffsslon'and TOlllrnapullcase. tie- . 'ril E
move bracket and shims (if present) frcJnf'the'ease. .\oock_~bers fasten-
Keep shims t~.ther as they are to be rep'aced ,.using'tpf.he mou~
when replacing transmission. See Big. F-2. adaptor will remain fastened to gen-
Remove the capscreW8 and locwashers safUl':''" erator end bell by .-" st.ds. . '.

ing the transmlssidn bell housing to the generator ,Move tra~issiQIl 10 the_re~r and l:emovj'from
end bell. If any shims are present between tbes~ Case as d~cribed aboVll'!.

Before beginning disassembly, the trans~is~ion
must be draiaed and the ext~rior ~oroughly
cleaned. It is important that no ;diP!:o~ other ~r-

,'" j

eign matter be allowed to enter the c;aSfi or get
into the air and oil lines. Dirt is particularly h.-m-.. .
hil to the bearings, sleeves and bushings, and 'Will
greatly accelerate the wear of these CWdrekxted
parts.

Disassembly
,i 't'

in~thp yokftsanQ.blocks.. •
Removetile capscrews securing the clutch brake

trig9.ttr vwve to the transmission case. Rems;>ve
vglve pnC!actuating phlnger. Retnove the cap­
screws that secure the housing to the trari'smis$ion
case and lift btiusing mid g<J3ketfro:q;lcase. ,Lift
the ~se:ably ,traiglilt up to ~r...eIl\ bi\dillQ;. ..,.
Keep the shifting bar housing In tihe neutral

.,p~tion.

:y

SHIFT LEVER
Removenuts and 10ckwMsherlj,fr... e ~"y

which #the shift lever housing i~ttClfid"fo tlA
S.h.lftingba.f housing. lift tt.e le~.hOU~i .• ,~~ ..
b.}yan" gasket from.the Vansmlsswn. ..... . '.-:-:.
, Rem~v~lJlachilld..screwani leclwashdf s.~.;
ihg tlte\dust beij to .~e sI1JftIe•. U-.c+w'l .. tr
knob from lever a.~ ra.i~edustjel.1l>l.va..Jb.,e ~\i~.:rtiJ...
of lever. _, ~, . ("'iI'~,.
a ~!~~~;~;h~f~~:7(;::~~:r de d:tntt!
sh~evtf tensiOil spri~g an4t:l1#-hou .. Tb!t
slfing will be f.,rcedfr:tm undeltltb 'il~tai!li .'.lugS!
c2st iI1J.othi housin~:F'\Re.JXl~~~1IP.ring,and ;w&:sher
fr_am.ide t\ou\tg. ll'ull ~:t«ftlever fronll!llb.otsing:
R~m~v~pivot piX]frem idlide housing.
SHIFtiNG BAR HOUSING .
Shift tral\Sm~sion into neutrdl posit~OI),.TlW.s

may be idenijiied. by alignment of the levM slots

Remove the tenjOioos)lM'ingco~r
I't>ppetSi;lr!:hgs.T~n i_e a~setnbly

1. Shifl Block
.", 2...fflelch PIIJ9l5

3. Spacers
4. Shifl Yoke

5. Rever.' fbke ~
.6, 3rd an.4" YoU Bar
"I. o.~rdriv,'-Yoke Bar
S. !sl and 2nd YokeBar
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FIGURE F·4. REMOVING ACTUATING PLUNGER
1. Reverse Shift Block Setscrew
2. Spring

3. Plunger
4. Cover and Gasket

ward and jar slightly to remove the steel balls
assembled under the poppet springs.

Mount assembly in a vise with the left side of
housing uppermost. Cut the lockwires and remove
the capscrews from the shifting yokes and blocks.
See Fig ..F-3.

From the left side of the transmission shifting
bar housing remove the capscrews and lockwash­
ers secuririq the air valve cover and gasket to the
housing. Remove actuating plunger spring and
actuating plunger from housing (Fig. F-4).

Remove the welch plugs from the rear of the
housing and drive tne tl:{t~e'upper bars from the,_ ~"'"~ . ..' .- ,~
housing, starting with the reverse shifting bar
which is uppermost. At the left ce~ter of the hous­
ing remove the setscrew and jam nut which en­
gages the shifting block and prevents radial move­
ment of the reverse shiftinq bar. The welch plugs
in the yoke bar holes'~t the front of the housing
will be driven from "'the housing as the bars

FIGURE F-6. REMOVING BEARING COVER
1. Counters haft Cover Plate
2. Oil Seal

3. Pusher Copscrews
4. Bearing Cover
5. Mainshaft

F-4
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FIGURE F-S. MAINSHAFT BEARING COVER
1. Bearing Cover 2. Adaptor 4. Mainshaft3. locknut

emerge. After removing the reverse shifting bar
remove one of the air valve intermediate plungers
from the air valve opening in the housing. Repeat
this procedure after removing each successive bar.
There are three intermediate plungers.

NOTE: With the spring tension removed from the
yoke bars, it may be necessary to move them by
hand into the neutral position before the upper bars
will move. This procedure may be necessary as
each bar is started from the housing (except the
last one). Excessive force is not necessary to remove
the bars.

At the right rear of the housing remove the set­
screw and jam nut which engages the overdrive
shifting block and prevents radial movement of
the overdrive shifting bar.

Move the overdrive shifting bar forward until it
clears the housing. Then pry forward with a heavy
screw driver until it can be removed from the
housing.

FIGURE F.7. SUPPORT PLATE, REMOVED
1. Gasket
2. Support Plate
3. D.owel

4. Overdrive Shift Yoke
5. Overdrive Sliding Clutch
6. Studs



FIGURE F-8. REMOVING KEY
1. Gear 2. Thrust Washer 3. Key

OVERDRIVE GEARING
Engage transmission into two speeds at once.

Place wrench over transmission mainshaft locknut
and remove locknut. Pull splined adaptor from the
mainshaft.
Remove the six capscrews fastening the main­

shaft rear bearing cover and adaptor to the trans­
mission case.
Install two pusher capscrews into the blind

tapped holes in the bearing cover and adaptor.
Turn these capscrews down even1y to pull the
bearing cover and adaptor assembly {Fig.F-6l.
Pull double oil seal from inside the adaptor

bore. From inside adaptor, remove bearing snap
ring and remove bearing and mainshaft rear bear­
ing washer.
The countershaft rear cover plate and gasket

may be removed by removing the four capscrews
and lockwashers securing it to the rear bearing
support plate, or may be removed with the sup­
port plate.

FIGURE F-l0. REMOVING MAINSHAFT OVERDRIVE GEAR
1. Overdrive Gear 2. Puller

FIGURE F-9. COUNTERSHAFT OVERDRIVE GEAR, REMOVED
1. Keyway
2. Mainshaft Overdrive Gear
3.· Bearing Sleeve

4. Counters haft
Overdrive Gear

5. Thrust Washer

To remove the support plate, remove the nuts
from the four studs and the eight capscrews and
washers securing the support plate to the trans­
mission case. Two dowel pins hold the support
plate in alignment on the case-pull plate straight
to the rear when removing. Remove support plate
and gasket. See Figure F-7.
Cut lockwires and remove capscrews clamping

overdrive shift yoke to the short overdrive shift
bar. Drive the overdrive shift bar to the rear and
out of the transmission. This operation will also
remove the welch plug fromthe shift bar hole. Re­
move overdrive shifting yoke from case. Slide
overdrive sliding clutch from countershaft.
Remove its keyway between the splines of the

countershaft, pry up on and remove the counter­
shaft thrust washer key {Fig.F-8l. Turn the coun­
tershaft overdrive thrust washer in its groove until

FIGURE F-l1. CLUTCH RELEASEYOKE AND BEARING
1. Release Shaft
2. Lockwire
3. Return Springs
4. Clutch Bearing Carrier

5. Bearing
6. Release Yoke
7. Clutch Shaft
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FIGURE F-12. CLUTCH SHAFT AND GEAR, REMOVED
1. Bearing Cover 3. Drive Gear 6. Gear Shield
2. Pilot Bearing 4. Bearing 7. Clutch Shaft

S. Gasket

splines on its inside diameter line up with the
splines on the countershaft. Pull countershaft over­
drive gear 'rom countershaft. This will also re­
move washer.
Remove mainshaft bearing sleeve from main­

shaft. See Figure F-9.
By using a special puller similar to the one

shown in Fig. F-IO, remove the mainshaft over­
drive gear fromthe mainshaft. Pry mainshaft over­
drive gear key from keyway in mainshaft.
CLUTCH SHAFT AND DRIVE GEAR
Loosen the lockbolt clamping the clutch pedal

adjusting' arm to the clutch release shaft. Slide
adjusting arm from splines on shaft.
Removelockwires fastening clutch release yoke

to clutch ears on clutch release bearing carrier.
Release clutch release bearing return springs from
the holes in capscrews. Disconnect lubrication
line from release bearing carrier. Slide clutch re­
lease bearing assembly frommainshaft.

FIGURE F-13. BEARING COVER, REMOVED
1. Gear Shield 3. Oil Seal S. Piston Rings
2. Caver and Gosket . 4. Locknut 6. Bearing

Cut lockwires and remove capscrews clamping
release yoke to clutch release shaft. Drive shaft
partly out of case and release yoke. Do not drive
far enough to shear or damage the keys which key
each side of the release yoke to the shaft. Remove
these keys as soon as they are sufficiently ex­
posed. Removeclutch release shaft and yoke. Re­
fer to Figure F-ll.
Remove capscrews and lockwashers fastening

front bearing cover to transmission case. Pull the
bearing cover, clutch shaft and drive gear from
the case as a unit. If cover binds, drive against it
lightly with a soft bar; working from the inside of
the case (Fig. F-12l.
Mount the gear and shaft in a vise with copper

jaws. Removedrive gear shield and front bearing
cover from clutch shaft. See Figure F-13.
Pull oil seal frominside drive gear.
With special spanner wrench remove the bear­

ing nut from the shaft. This nut has left hand

FIGURE F-14. CLUTCH RELEASEMECHANISM, EXPLODED
1. Oil Seal
2. Gosket
3. Beari ng Cover

4. Lockwasher
S. Capscrew
6. Cross Shaft

7. Gear Shield
8. Key
9. Yoke

F-G

10. Bolt
11. Adjusting Arm
12. Setscrew

13. Nut
14. Hose
IS. Spring

16. Clutch Bearing Carrier
17. Bearing
18. Lockwire
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threads. Oil seal piston rings may be removed
from around locknut if necessary. Pull or press
bearing and retainer fromclutch shaft. Pull main­
shaft pilot bearing from mainshaft and remove
mainshaft sliding clutch.
MAINSHAFT
Cut lockwires and remove capscrews clamping

reverse shift yoke to short reverse shift bar. Drive
the reverse shift bar to the rear and out of the
transmission. Remove reverse shifting fork from
inside transmission case.
Remove pilot bearing and sliding clutch from

front of mainshaft, if not already done.
Themainshaft intermediate bearing is equipped

with a combination bearing puller and retainer.
There are five 5/16/1 - 18x15/32/1 hex head cap­
screws and one 5/16/1 - 18x7/16/1 flat head screw
(which hold the retainer and puller together), and
six 3/a/l - 16xl1h/l hex head capscrews (which hold
the retainer and puller to the transmission inter­
mediate web) around the circumference of the
puller and retainer.
Cut the lockwires and remove the six 3/a /I _

16xl1h/l hex head capscrews. Block between the
mainshaft first speed gear and the intermediate
case web. Install one 3/a /I - 16x1112 /I capscrew in
each of the two blind tapped holes in the bearing
puller. Turn the two capscrews down evenly to
pull the bearing from the web. Removecapscrews
and flat head screw fastening bearing retainer
and puller together and remove frombearing (Fig.
F-15l.

FIGURE F-1 5. PUSHER
1. Caps crew
2. Shaft Lock
3. Reverse Idler Shaft

CAPSCREWS INSTALLED
4. lst Speed Gear
5. Pusher Capscrews
6. Bearing Retainer and Puller

FIGURE F-16. MAINSHAFT, REMOVED
1. Mainshaft 3. Washer
2. 1st and 2nd Speed 4. 3rd Speed Gear

Clutch Gear Sleeve

5. 3rd Speed Gear
6. Sliding Clutch
7. 2nd Speed Gear
8. lst Speed Gear

FIGURE F-17. MAINSHAFT, EXPLODED
1. Nut 7. Gasket 13. Retainer 18. lst and 2nd Speed 22. 3rd Speed Gear 26. Sliding Clutch2. Adaptor 8. Rear Washer 14. Bearing Puller Clutch Gear Rear Washer 27. Clutch Shaft3. Oil Seal 9. Bearing 15. Intermediate Bearing 19. Mainshaft 23. 3rd Speed Gear Sleeve and Drive Gear4. Capscrew 10. Snap Ring 16. 1st Speed Gear Spacer 20. Key 24. 3rd Speed Gear 28. Gasket5. Lockwasher 11. Bearing Sleeve 17. 1st Speed Gear and 21. 2nd Speed Gear and Bushing 29. Adaptor6. Adaptor and Cover 12. Overdrive Gear Bushing and Bushing 25. 3rd Speed Gear 30. Ring

Front Washer
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Lift mainshaft and assembled gears from trans-
mission case. Gears are assembled on the main­
"·,shaftfrom both the pilot and output ends and must
'be removed in the same manner. Do not attempt
to remove them all from the same end.

Holding the mainshaft in an upright position,
jar the output end of the shaft against a block of
wood placed on the floor. Lift the assembly by
holding on to the large sliding gear (mainshaft
first and second speed sliding clutch gear). The
weight of the mainshaft first speed gear will force
the inner race of the intermediate bearing from the
shaft. The bushed gear and race should be caught
as they are freed from the shaft. Remove bearing
race, gear spacer and first speed gear from shaft.
Remove the large sliding gear from the output

end of the mains haft .
With a screw driver pry the mainshaft third

speed gear washer key from its keyway between
the mains haft splines at the pilot end of the main­
shaft. Turn the third speed gear washer in its
groove until the splines on its inside diameter line
up with the splines on the mainshaft. Remove third
speed gear and washer from the pilot end of main­
shaft.

Jar the pilot end of the mainshaft against a
block of wood placed on the floor until the weight
of the second speed gear unseats the third speed
gear sleeve and it can be removed. Remove third
speed gear sleeve, rear washer and second speed
gear from pilot end of mainshaft.

REVERSE
Remove capscrew from reverse idler shaft lock.

See Figure F-15.
A simple puller for the reverse gear shaft may

be constructed from a short piece of pipe, the in­
side diameter of which is slightly larger than the
projecting end of the reverse shaft. A long bolt

FIGURE F-18. PULLING REVERSE IDLER SHAFT LOCK
1. Bolt ond Nut 2. Flot Steel 3. Pipe

having the same thread as the ones in the end of
the shaft; and a nut for the bolt and a flat piece
of steel having a hole in its center sufficiently
large to permit passage of the bolt. The nut is
turned onto the bolt and the bolt is then passed
through the hole in the flat steel, through the
pipe and threaded into the reverse gear shaft. The
nut is then tightened against the plate with the
result that a pulling action is exerted against the
shaft with the transmission case acting as a base
through the pipe and plate {Fig.F-ISL
Pull reverse idler shaft. Do not allow reverse

gears to drop to bottom of case. Lift reverse assem­
bly fromcase (Fig. F-20)'
Remove front and rear thrust washers and pins.

Pull reverse sliding gear from reverse driving
sleeve.
Remove snap ring from in front of reverse idler

gear and remove idler gear from driving sleeve.
Remove idler gear rear snap ring.
Pull bearings and bearing spacer from inside

reverse driving sleeve.

FIGURE F-19. REVERSESHAFT, EXPLODED
1. Capscrew 4. Idler Shaft 8. Shift Yoke 12. Sleeve
2. Lockwasher 5. Thrust Washer Pin 9. Yoke Bar 13. Snap Ring
3. Lock Plate 6. Thrust Washer 10. Bearing 14. ReverseIdler Gear

7. ReverseGear and Bushing 11. Spacer
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FIGURE F-20. REVERSEGEARING, REMOVED
1. Reverse Idler Shaft
2. Reverse Sliding Gear
3. Driving Sleeve

4. Thrust Washer and Pin
5. Snap Ring
6. Reverse Idler Gear

COUNTERSHAFT
Remove the four capscrews and lockwashers

fastening the clutch brake cover to the front of the
transmission case and remove clutch brake assem­
bly. Clutch brake disassembly is covered under
the heading "Clutch Brake". See Figure F-10 for
location of capscrews.
Remove the two capscrews securing the clutch

brake disc carrier to the countershaft and remove
disc carrier and grit seal from shaft (Fig. F-21)'
Locate and mark the two blind tapped holes in

the countershaft front bearing adaptor. Screw two
capscrews into these two holes. Pull the bearing
adaptor and bearing from the case and shaft by
tightening evenly on these screws. The counter­
shaft will move forward under the force exerted
by the puller capscrews. It may be necessary, if
the screws are not long enough, to bar the coun­
tershaft back out of the bearing races. Remove

..

FIGURE F-21. REMOVING DISC CARRIER
1. Grit Seal 3. Countershaft
2. Bearing Adaptor 4. Clutch Brake Disc Carrier

FIGURE F-22. REMOVING COUNTERSHAFT SNAP RING

front bearing adaptor and bearing. Pull bearing
assembly from bore of bearing adaptor.
Pull the countershaft assembly to the rear until

the rear bearing is completely free from its bore
in the case. Pull the bearing, spacer and overdrive

1. Overdrive Short
Yoke Bar

2. Lock Screw
3. Overdrive Shift Yoke
4. Key

FIGURE F-23. COUNTERSHAFT, EXPLODED
5. Sliding Clutch 10. Bearing 14. Countershaft Drive
6. Thrust Washer 11. Counters haft Gear
7. Gear and Bushing 12. 3rd Speed Gear 15. Snap Ring
8. Sleeve 13. Reverse Driver 16. Gasket
9. Spacer Gear 17. Bearing Adaptor
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gear sleeve to the rear carefully until it comes
against the key installed in the countershaft to
prevent movement of the overdrive gear sleeve.

Remove puller from bearing, and slide bearing
and spacer back toward front of transmission. In­
sert on the shaft, between the spacer and the gear
sleeve, a "C" shaped spacer, making sure that the
keyway in the sleeve is in the open end of the
spacer and that the spacer is wide enough to allow
the key to be completely exposed. Reattach puller
to bearing and pull bearing, spacer, "C" shaped
spacer and sleeve far enough to expose the key.
Remove key from countershaft and pull bearing,
sleeve and spacer from mainshaft.

Raise front of countershaft up and tilt back then
remove entirely from case.

From front end of counters haft remove the coun­
tershaft snap ring (Fig. F-22L Remove the coun­
tershaft drive gear, reverse driver gear, third
speed gear and keys from the shaft one at a time.
Be sure to remove the key for each gear before
attempting to remove the next gear.

CLUTCH BRAKE
Remove the four capscrews and lockwashers

fastening the clutch brake cover to the front of the
transmission case and remove the brake assembly
(if not already done).
Separate brake cover and body. See Figure

F-24. Remove discs and disc spacer from inside
body.
Remove nut and lockwasher from brake piston

guide and spring retainer. When nut and washer
is removed, piston guide and spring retainer,
spring, gasket, piston and cover will be separated.
Remove "0" rings from piston. One is located in­
side the piston guide hole and the other on the
outside of the piston. See Figure F-25.

FIGURE F.24. COVER AND BODY, SEPARAnD
1. Piston Guide 3. Cover and Gasket 5. "0" Ring
2. Piston 4. Spring 6. Gasket
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FIGURE F·25. PISTON, REMOVED
1. Piston Guide 3. Piston 5. Body
2. Spring 4. Cover 6. Discs

OIL PUMP
Removecapscrews and lockwashers securing oil

pump assembly to the transmission case. Remove
pump, gaskets and filler block from transmission.
Remove the capscrews and lockwashers fasten­

ing outer head and gasket to pump housing. Pull
head and gasket, being careful so as not to dam­
age the soft metal gasket.
Turn pump housing so that reversing head and

idler gear will fall out into your hand. It may be
necessary to tap the housing gently to dislodge
the head and gear. These are finely machined
parts, do not handle with unnecessary roughness.
Place bit of screwdriver between gear spacer

and pump drive gear. Pry against pump gear to
start pump rotor and shaft from bore. Pull pump
rotor and shaft, spacer and key from pump. Re­
move drive gear from pump housing. Removekey
and the spacer from rotor shaft.
Expansion plug and bushings may now be re­

moved frompump housing if inspection shows that
replacement is necessary.

FIGURE F·26. OIL PUMP, REMOVED
1. Outer Head 3. Drive Gear
2. Housing 4. Spacer

5. Rotor and Shaft
6. Gasket



FIGURE F-27. OIL PUMP, EXPLODED
1. Capscrew 4. Gasket 8. Key 11. Expansion Plug
2. lockwosher 5. Reversing Heod 9. Spacer 12. Plug
3. Outer Head 6. Idler Geor 10. Housing 13. Drive Geor

7. Rotor

Reassembly
Before beginning reassembly, clean all parts

thoroughly with solvent and blow dry with com­
pressed air. Inspect oil seals for signs of wear or
damage. Inspect gears and shafts for excessive
wear, pitting or cracking. Check the bearings for
rough spots or other damage. Check keyways for
any burrs or obstructions. Replace all parts show­
ing damage or excessive wear. Clean inside of
case and magnetic plugs to remove any metal
particles.
Generally speaking the reassembly process is

a reversal of the disassembly procedure. The fore­
going instructions can be made to serve this pur­
pose by reversing the order in which they are per­
formed. Following are items to be given particular
attention when reassembling the transmission.
All worn gear washers should be replaced to

assist in maintaining the original fit.
End play of gears should be held to a minimum

of 0.0061/.
Bushed gears having excessive radial clearance

should have new bushings installed in them. To
install a new bushing, it is first necessary to press
out the old one. Clean bore of gear carefully and
remove all burrs. Cover the outside diameter of
bushing and the inside diameter of the gear with
a saturated solution of salt and water. Line up
the oil holes in bushing and gear (if present).
Carefully press' bushing fully into gear. Do not
allow bushing to become tilted as it is being
pressed in. Face off any projecting end of bushing.
Drill oil holes in bushing, through holes in the
gear; making sure all oil holes are open. Remove

burrs, resulting from drilling and break all sharp
edges on ends of bushing.
When reassembling either new or rebushed

gears to a shaft, be sure they move freely after
having been assembled in their proper position.
Clean all mounting parts and coat with clean oil
before replacing gears.
The flat head screw must be replaced on the

bottom of the mainshaft intermediate bearing re­
tainer and puller. This is necessary in order to
provide clearance for the countershaft overdrive
gear.
When replacing discs and disc spacer into the

clutch body, place the disc spacer into the body
first with the smaller outside diameter of the
spacer going into the body first. The first disc to
be replaced will be externally splined. Follow it
with an internally splined disc. Then alternate
until all discs are replaced into the body, finish­
ing with one that is externally splined.
When replacing the clutch shaft front locknut

the following instructions will apply. Remember
that the nut has left hand threads.
Install the nut and tighten with the special

wrench until the nut is approximately 112 1/ from
the bearing. (Wrench must be seated fully against
face of nut.) Stand the shaft and gear upright with
the gear uppermost. Put approximately 8 drops of
the sealant "Loctite" on the exposed threads in
the locknut. Torque nut to 100 ft. lbs, Add 4 to 6
drops of the sealant (equally spaced) to the bevel
of the nut and the bevel on the shank end of the
gear and shaft. Allow the assembly to stand in
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normal temperature for 8 to 10 hours, before ex­
posing it to oil. The setting action can be hastened
by using heat lamp directed on the nut in such a
manner that it becomes warm to the touch.
Be sure to line up oil holes in clutch brake body

with oil holes in transmission case when replacing
the clutch brake.
Transmission mainshaft rear locknut must be

torqued to 500 ft. lbs.
When replacing countershaft rear cover and

gasket, be sure to replace the shortest one of the
four mounting capscrews in the upper right mount­
ing hole. Failure to do this will cause the over­
drive shifting fork to contact the end of the cap­
screw and will prevent the sliding clutch from

completely disengaging the overdrive gear.
Transmission oil pump gear must have a mini­

mum of 0.006" backlash. If it is found that this
minimumis not present add shims or a thicker fill­
er block between the oil pump and the transmis­
sion case. Adding shims or a thicker block will
move the pump drive gear away from the counter­
shaft and increase the pump gear backlash. Be
sure to put a gasket between the pump body and
the filler block and one between the filler block
and the case. The backlash may be checked by
removing the sump cover and gasket from bottom
of transmission and observing the amount of gear
movement. (Oil must be drained from transmission
before making this check.)

Installation
If transmission is to be installed through the

top of the case the piping, oil filter and clutch
release air chamber can be installed before trans­
mission is placed in case. The rear transmission
hanger can also be installed on transmission case.
If transmission is to be installed through open­

ing in bottom of case, none of these parts can be
assembled to the transmission. In addition the oil
filter and oil pump should be removed to prevent
damaging them when raising transmission through
case opening. Place temporary cover over oil
pump opening to prevent entrance of foreign
material.
Position transmission under opening in Tourna­

pull case, with rear of transmission toward front
of TournapulJ. Raise transmission into case and
turn end for end.
Slide transmission as far to the rear as possible

and align the splined transmission mainshaft with
the splined clutch disc hubs. Turn the clutch re­
lease yoke so top of yoke is back toward transmis­
sion.
Turn clutch release bearing so flat part is on

top. Pull transmission forward, as it moves for­
ward and mainshaft engages clutch hubs, turn
clutch release yoke fingers down over clutch re­
lease bearing into their proper position. Care must
be taken not to spring clutch or driven disc.
Replace capscrews and washers securing gen­

erator end bell to the transmission clutch bell
housing. Replace capscrews, shims, nuts and lock-

washers securing transmission rear hanger brack­
et to main case.
Refer to section "C" for alignment procedure.
Coat mounting face of boot adaptor with Perma­

tex and secure to rear of transmission with cap­
screws and lockwashers.
Place the boot over the adaptor and slide as far

forward as possible onto the adaptor.
Coat mounting face of transmission adaptor

with Permatex and secure to main case with cap­
screws and lockwashers.
Push drive shaft forward through auxiliary

transmission until splined hub on shaft is engaged
with splined adaptor sleeve on transmission main­
shaft.
Slide the boot back onto the transmission adap­

tor. Position boot so that an equal amount of it is
on the transmission adaptor and the boot adaptor.
Refer to Figure F-2.
Install two hose clamps on each end of the boot.

Stagger the lock screws in the clamps so that the
two on each end are approximately 90° to 180°
apart. Tighten securely.
Install oil filter, piping and clutch release air

chamber if not already done.
Tighten all capscrews to proper torque.
Reconnect clutch linkage; replace shift lever

and cover plates.
Replace snap ring, spacer, parking brake, nut

and washer. Refer to page F-1s.

Testing Clutch Brake Control Valves
Looking from the operator's seat, the pre-select

valve should be mounted so that the opening
marked "NORM-C"is facing to. left, the open­
ing marked "CYL" is facing to the right and the
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opening marked "NORM-O"is facing UP toward
the bottom of the control panel.
The air supply from the scraper quick release

valve is connected to the left side of the pre-select



~ valve at the opening marked "NORM-C".
The opening of the pre-select valve marked

"CYL" is connected to the block on the bottom of
the firewalL which in turn is connected to the
pilot air valve that is mounted on the transmis­
sion.

The opening in the pre-select marked "NORM-
0" does not have any connections to it.

The small return valve is mounted to the small
fitting on top of the pre-select valve, at the open­
ing in the small return valve marked "IN". The
outlet at the bottom of the small return valve is
connected to the street elbow at the rear of the
surge chamber by means of the small brass tub­
ing.

The opening on the return valve marked "CYL"
does not have any lines connected to it.
The interlock or trigger valve should be mount­

ed on the transmission cover with the outlet
marked "IN" facing approximately 45° to the right
and front.
The outlet marked "CYL" should face at 45° to

the left rear.
The small exhaust outlet should face at 45° to

the right rear.
The outlet marked "IN" is connected to the out­

let of the street elbow in the tee at the front of the
pilot air valve.
Th~ outlet marked "CYL" is connected to the

rear outlet of the two-way valve that is in the rear
outlet of the pilot air valve.
If an outside source of air is available, connect

it to the "NORM-C"inlet of the pre-select valve to
charge this valve. I(an outside source of air is not
available, build up the air pressure in the air sys­
tem of the machine in the following manner:
Depress clutch pedal so that engine is discon­

nected from the transmission.
Stqrt engine and allow to run until air pressure

has built up to normaL keep pedal depressed so
that engine and transmission are disconnected for
as long as engine is running. Shut off engine as
soon as air pressure has reached normal operating
pressure. Leave engine off during all checks.
Under no circumstances should the pre-select

valve button be depressed and held down when
the engine is running and the transmission is in
neutraL or the high low lever is in the midway of
neutral position.
Check all connections up to the pre-select valve

for leaks.
Put transmission in gear, and then depress and

release pre-select valve button. This will charge
lines to the clutch brake trigger valve on the
transmission.

......

FIGURE F-28. CLUTCH BRAKE PRE-SELECTVALVE
1. Pre-Select Valve
2. "NORM-C" Opening
3. "CYL" Opening

4. Return Valve
5. "IN" Opening
6. To Surge Chamber

Check all connections from pre-select valve to
the trigger valve for leaks.
Depress pre-select button and hold down. Shift

transmission into neutral. This will charge lines
from the trigger valve to the clutch brake and
surge chamber, and from the surge chamber to the
return valve on the pre-select valve.
Check connections for leaks.
Release pre-select valve button and allow the

clutch brake air system lines to drain.
Shift transmission out of neutraL Depress pre­

select button.
Check to make certain that air is getting to

trigger valve on top of transmission. If not, pre­
select valve may be connected wrong, or may be
faulty.
Shift transmission into neutral. Check to make

certain that air is getting to clutch brake and
surge chamber, and from surge chamber to return
valve on pre-select valve.
If air is not getting to all components, check

action of each valve in the line. The valves in­
volved can be checked by removing the hose on
the outlet side. This should be done at one valve
at a time, replacing the hose before checking the
next valve.
The clutch brake should only stay on momen­

tarily, and then the pre-select button should auto­
matically be tripped, cutting off the air to the
clutch brake. Therefore, it will be necessary to
shift the transmission into gear, depress the pre­
select button and shift into neutrcrl, to activate the
clutch brake air system as each valve is checked.
If the valves Jt:e not functioning, they may be

defective, or may just be incorrectly piped. This
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should be checked clDselt ~
Some trouble hc:t~al~o been experienced by the

preservcfiva Ill(It~icIl ilr tlnea!! compound, ap­
plied to the 'pre~s~lectand trigger valves working
into the v","vescmd ccrusinq, th~m to be inopera­
tive. 1£ there 'are any restrictions between the re­
turn valve; ~nd the pre-select 'valve: ;the return
valve cermot trip the pre-select y~lve to cut off
air to tHe clutch brake. There is a smap "0" ring
that fits in a recess in the conneetfon between the. ':"" ..\ .
return valve and 'the pre-select valve.. This is in
the end next to the pre-select ';aive.
Valves should be checked for lhese conditions

before being discarded. ~'.'
Valves should be thoroughly cleaned and in­

spected before being installed on a machine.
After above checks have been made, and neces-

sary ct>Prectionshave been made, check the action
of the pilot air valve.
Shift transmission into gear. Depress pre-select

valv.e plunger. Shift auxiliary tr.ansmission from
low to high, or high to low.
When lever is midway between high and low,

ai~,~~b,!ldmOmentarilygo through pilot frir,valve,
rh~ two-way valve, to clutch brake, to surge
cham1aier:and from surge chamber, to retttrrl',vaive
on p~seleet valve.
U.',pllotair valve is not functioning properly, it

mctJ.',be defective, or it may not be positioned cor­
rect!y on' the bracket. It is also possible that the
pilot air actuating cam is not correctly positioned
on the auxiliary transmission control pipe.

AU of these, possibilities should be checked out
before replacing the valve with a new one.

AUXILIARY TRANSMISSION

FIGURE F-29. PARKING BRAKE AND AUXILIARY
TRANSMISSION

1. Adjusting Yoke 6. FlatWasher
2. Wire RopeClamp 7. Cotter
3. Actuating Wire Rope 8. BrakeShoe.
4. BrakeDrum 9. ReleaseSprings
5. Driv",Shaft 10. Arm

Removal
Remove fuel tank and auxiliary transmission

cover plate from rear of Tournapull case.
'Place ~aJ;'kingbrake lever in the released posi­

tion to remc;>vetension from parking brake actuat­
ing wire rope and release springs. Disconnect re­
lease springs and parking brake actuating wire
rope from actuating arm.
Remove cotter, castellated nut and flat washer

from end of drive shaft. Pull brake drum and key
from,drive shaft. To remove brake shoe assembly
as a Unit, remove nut and lockwashers from rear
of brake shoe pivot stud and pull unit fromauxili­
ary cover.
Drain lubricant fromauxiliary transmission and

final drive compartments.
Disconnect auxiliary transmission shift linkage.

Attach hoist to auxiliary and take up slack. Re­
move mounting bolts securing auxiliary to rear of
Tournapull case. Install pusher capscrews in the
blind tapped holes next to the dowels in the
auxiliary case mounting flange. Turn in capscrews
until transmission has been forced away from the
dowel pins in the Tournapull case. Pull auxiliary
transmission away fromdrive shaft and main case,
place on work bench for further disassembly.

Disassembly
Remove capscrews and lockwashers securing

rear cover plate to the auxiliary transmission. Re­
move cover plate. Cluster gear rear bearing cup
and pinion shaft rear bearing will be removed
witk the cover plate. Pinion sltaft rear bearing
race will reI1la~ on shalt.
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Removeyoke bar spacer tube and oil pipe.
Remove capscrews securing input shaft bearing

cover to rear case cover and remove cover. Press
the oil seal out of the bearing cover.
Remove the setscrew and locknut from the pin­

ion shaft. Attach gear puller to low speed gear



and pull gear and bushing, rear washer and bear­
ing race from pinion shaft (Fig. F-31)' Slide the
front washer from shaft.

Pull cluster gear and bearing cones from the
drive shaft side of case. Remove snap ring and
spacer from bore in gear.

FIGURE F-30. REMOVING GEAR COVER
1. Beari ng Reta iner 2. Caps crew 3. Cover

FIGURE F-31. REMOVING LOW SPEED GEAR
1. Low Speed Gear 2. Puller

Remove capscrew holding detent ball and
spring against yoke bar and remove ball and
spring. Remove the cover plate from the left side
of the case, exposing the yoke and sliding clutch
structure. Loosen the two capscrews clamping the
yoke structure to the yoke bar. Pull the yoke bar
from the auxiliary transmission. Remove the yoke
structure from the case.
Remove capscrews securing baffle plate to in­

side of case and remove baffle plate.
Remove the sliding clutch from the pinion shaft.

FIGURE F-32. HIGH SPEED GEAR
1. High Speed Gear
2. Rear Washer

3. Pinion Shaft
4. Key

FIGURE F-33. OUTPUT PINION
1. Oil Slushing Ring
2. Retainer

3. Pinion
4. Retainer Capscrews

;',

With a screw driver lift up and rempve the key
locking the high speed gear to the pinion shaft.
Remove the high speed gear rear washer by ro­
tating washer until the splines in washer line up
with splines on pinion shaft. Pull high speed gear,
bushing and sleeve from pinion shaft. .See Figure
F-32.
Remove capscrews s~curi,rigoutput pinion front

bearing retainer to case and remove the pinion
and shaft, bearing, shims, locknut and high speed
gear front washer from case. Pry small key from
recess in pinion shaft. Remove high speed gear
front washer from pinion shaft.
Remove setscrew from locknut on pinion shaft

and remove locknut. Pull bearing and retainer
from shaft.

Reassembly
Clean all parts thoroughly in cleaning solvent.

Check for pits or other irregularities in bearing
surfaces. Inspect <tillgears for burrs, chipped or
broken teeth. Replace all parts shOlfvingeX'tessive
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FIGURE F-34. AUXILIARY TRANSMISSION, EXPLODED

1. Oil Seal 8. Bearing Cone 14. Drive Shaft 20. Bearing 25. Rear Washer
2. Retainer 9. Cluster Gear 15. Case 21. Locknut 26. Shifting Yoke
3. Shim 10. Oil Pipe 16. Key 22. Setscrew 27. Sliding Clutch
4. Cover Plate 11. Capscrew 17. Pinion 23. Front Washer 28. Low Speed Gear
5. Snap Ring 12. Gasket 18. Oil Slushing Ring 24. High Speed Gear' and Bushing
6. Spacer 13. Dawel Pin 19. Plug and Bushing 29. Yoke Bar
7. Bearing Cup 30. Oil Seal

wear. Replace gaskets and lockwires.
Replace pinion bearing retainer on pinion shaft.

Install roller bearing assembly on pinion shaft.
Screw locknut on pinion shaft and torque to 500

ft. lbs. and install setscrew.
Place the pinion and shaft into the case struc­

ture. The position of the pinion is checked by
measuring between the machined face of the
auxiliary transmission which bolts to the Tourna­
pull rear case, and the outer bearing race. This
distance must be 2.68711 (-+-0.00111).
If the pinion is marked M.D. Std., or does not

have an M.D.marking and if the auxiliary trans­
mission does not have a reference marking, the
pinion is correctly positioned when the distance
from the machined surface on the auxiliary trans­
mission to the face of the bearing is 2.68711.
If there is an M.D.minus (-) marking on the

end of the pinion, it indicates that the pinion must
be set further out of the bearing bore by shimming
between the bottom of the bearing bore and the
bearing, the distance of the M.D. marking. For
example: If the pinion is marked M.D. -0.00511 it
indicates that the pinion must be set out an addi­
tional 0.00511 from the bearing bore. The measure­
ment between the face of the auxiliary transmis­
sion and the face of the pinion bearing should
change from 2.68711 to 2.69211.
If the pinion is marked on the end with an M.D.

plus (+) marking, it indicates that the pinion
must be set deeper in the bearing bore by remov­
ing shims frombeneath the bearings. For example:
If the pinion is marked M.D. + 0.00511, the pinion
must be set 0.00511 deeper in the bearing bore and
the measurement between the machined surface
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and the face of the bearing will be 2.68211.
If the auxiliary transmission case is marked

with a plus (+) number, it indicates that the pin­
ion must be set out of the bearing bore by adding
shims, in the manner described above. For exam­
ple: If the case is marked + 0.00511 the pinion must
be set out of the bearing bore 0.00511.
If the case is marked with a minus (- ) number,

it indicates that the pinion must be set deeper in
the bore the same distance as the case is marked.
From the above mentioned markings on the pin­

ion ond case determine the amount that the pinion
mounting will deviate from the required 2.68711
measurement. Add or remove shims to properly
install the pinion.
Replace oil slushing ring in position, see Fig.

F-32. Install pinion and shaft into bore of auxili­
ary transmission case with correct amount of
shims (as deter!nined above). Replace output pin­
ion bearing retainer capscrews and torque to 60
ft. lbs.
Install high speed gear front washer on pinion

shaft. Place small key in keyway in pinion shaft
and install sleeve, high speed gear and bushing
on shaft. The tapered end of the sleeve must face
the rear of the pinion shaft.
Replace high speed gear rear washer. The oil

groove in face of washer must face toward pinion
gear. Line splines of rear washer with splines on
shaft and insert large key into keyway.
Slide sliding clutch gear onto shaft. Position

yoke structure on sliding clutch gear, insert yoke
bar through the shifting yoke structure and
through the front bracket. Replace baffle plate.
Push yoke bar forward until first notch in the bar



is aligned with the detent ball opening. Replace
detent ball, spring and capscrew.

Replace bearings on cluster gear and place gear
into auxiliary ccse, large gear first.
Install low speed gear front washer (the oil

groove in washer must face away from pinion
gear), low speed gear and low speed gear rear
washer on pinion shaft in that order. Replace
bearing inner race on pinion shaft. Install locknut
on pinion shaft. torque to 500 ft. lbs. and install
setscrew.
Slide yoke spacer tube over yoke bar.
Replace cluster gear bearing cup and pimon

shaft rear bearing in cover plate. Apply coating
of Permatex to mounting flange of auxiliary case
and cover plate. Install cover plate on auxiliary
tronsmission. secure with capscrews and lock­
washers. .
Replace oil pipe into case.
Position yoke bar so that detent ball is in the

first notch on the bar, move yoke and sliding
clutch toward the cover plate until the spacer is
flush against the cover plate. Tighten capscrews
on the shifting yoke structure. Replace cover plate
and gasket over shifting yoke and fasten with
capscrews and lockwashers.
Replace oil seal in drive shaft bearing cover,

place shims between cover and auxiliary cover
plate until end play is reduced to 0.001" to 0.005".
Secure bearing cover to case with capscrews and
lockwashers.
Slide splined hub on the drive shaft through

the differential compartment. transmission adap­
tor and over the splined adaptor nut on the rear
of the transmission output shaft. Apply a thin
coating of Permatex to mating surfaces of the
auxiliary transmission and the Tournapull case.
Hoist the auxiliary assembly up even with the
drive shaft and then move it fofward over the
drive shaft. until the drive shaft is protruding
through the rear of the auxiliary and the auxiliary
is against the case wall. Be sure dowel pins are
aligned. Secure with mounting bolts.
Install spacer over drive shaft into bore of clus­

ter gear. Install snap ring in cluster gear against
spacer.
Replace parking brake, reconnect parking brake

and auxiliary shift linkage.
It is extremely important that the Torflexbush­

ings which are used in the pivot points of the
shift linkage for the auxiliary transmission be
properly installed and tightened. Failure to do so
will not only result in damage to the bushing and
bushing bores, but the auxiliary transmission will
have a tendency to jump out of gear.

The Torflex bushing is composed of an internal
and external sleeve, with rubber material separat­
ing them. This rubber material is bonded to the
sleeves.
These bushings are designed to absorb the maxi­

mum travel of the linkage in operation. Neither
the inner or outer sleeves are supposed to rotate
during operation of the linkage, as the rubber ma­
terial absorbs the travel. However, the bushings
MUSTbe properly installed to avoid stretching
the rubber beyond its elastic limits.
Before installing the bushing in the hole in the

linkage, coat the O.D. of the bushing with white
lead.
Donot press or push against the internal sleeve,

as this will strain the rubber material and damage
it, or break its bond to the sleeves. During instal­
lation, all pressing must be on the external sleeve
only. A flat washer with an I.D. larger than the
O.D. of the internal sleeve, but slightly smaller
than the I.D. of the external sleeve, can be used
as an adaptor for installing the bushing. Press
only against the washer when installing the bush­
ing.
Assemble linkage, but do not tighten the cap­

screws at this time.
It is important that the capscrews that hold the

linkage at the pivot point be properly torqued, and
that the linkage be properly positioned.
The linkage must be in the neutral position

when torqueing the bolts, which means that the
linkage should be exactly midway between its
travel distance for the high and low gear positions
of the auxiliary. This will insure that the linkage
can be operated from high to low or low to high
gear positions without stretching the rubber ma­
terial beyond its elastic limits. Refer to Figure
F-35.

..~'

FIGURE F-35. POSITION OF SHin LINKAGE
1. AuxiliaryTransmission 5. 19/16" FullTravel
2. Control Pipe 6. Rear Position
3. Forward Position 7. Neutral Position
4. 25/32" Travel 8. Lever
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The inner sleeve of the bushing should now be
secured and prevented from moving by the clamp­
ing action imposed by the capscrews. The external
sleeves should be snug enough in the bushing
bores so that they do not turn in these bores.

The linkage should be operated and each of the
bushings checked to make certain they are operat­
ing as intended before the machine is put into op­
eration. The linkage should be checked periodical­
ly, as well as after any repairs or adjustments
have been made to the linkage.

Refill main case and auxiliary transmission with
correct type and amount of lubricant. See section
"K" for lubrication instructions.
Replace fuel tank and auxiliary transmission

guard plate.
TRANSFER CASE

With all capscrews of the linkage loose, move
the lever into the neutral position which is mid­
way between high and low gear range positions.
The full travel of the shift control pipe is 1 9/1611 at
the point where the pipe connects to the vertical
control lever at the rear of the auxiliary transmis­
sion. When in neutral, the control pipe at this
point should be 25/32/1 from either extreme for­
ward or extreme reverse positions of the pipe. Re­
fer to Figure F-35.
Tighten all of the capscrews at the pivot points

where the small Torflex bushings are installed to
30 ft. lbs.
Torque the capscrews at the pivot point of the

control lever, and the vertical lever mounted on
the rear of the auxiliary to 145ft. lbs,

Removal and Disassembly
Place parking brake lever in the released posi­

tion to remcve.fension from actuating linkage and
release springs.
Remove brake release springs.
Disconnect actuating wire rope from actuating

arm. Remove cotter frdln castellated nut on end of
drive shaft. Remove nut and large flat washer.
Pull brake drum and key from drive shaft. Re­

move large locknut and lockwasher from brake
mounting stud and pull brake shoes from rear of
transfer case.
Remove drain plugs and drain lubricant from

transfer case and final drive compartments.
Attach a hoist to the transfer case and take up

the slack.
Remove mounting bolts securing transfer case

to the Tournapull main case. Install pusher cap­
screws in the blind tapped holes next to the two
dowel pins in the transfer case mounting flange.
By turning these capscrews in evenly push the
transfer case away from the Tournapull until it
clears the dowel pins.
Pull transfer case away from drive shaft and

Tournapull. Place on work bench for further dis­
assembly.

Remove the capscrews and lockwashers secur­
ing the cover plate to the rear of the case. Remove
cover plate. Upper gear rear bearing cup will be
removed with cove'r plate. Pull or press bearing
cup from case.
Remove capscrews and lockwashers securing

drive shaft rear bearing retainer to cover and re­
move retainer, shims, and oil seal. Press oil seal
out of bearing retainer.
Remove oil pipe.
Pull upper gear, with front and rear bearing

cones attached, from case. Pull bearing cones from
gear and remove snap ring and spacer from bore
in gear. Cut lockwires and remove the caps crews
securing the end plate to the pinion shaft. Pull end
plate, roller bearing, and spacer ring from pinion
shaft.
Pull pinion shaft gear and spacer from pinion

shaft.
Move to front of transfer case, cut lockwires and

remove capscrews securing pinion front bearing
retainer to the case. Pull pinion and shaft, bearing
and shims from case.
Pull bearing from shaft if necessary.

Reassembly
Clean all parts thoroughly in cleaning solvent.

Check for pits or other irregularities in bearing
surfaces.
Inspect all gears for burrs, chipped or broken

teeth and cracks. Ring gear and pinions are sold
in matched sets only.
Press pinion front bearing onto shaft. Place pin­

ion and bearing into the case.
The correct position of the pinion is checked by

measuring between the machined face of the
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transfer case which bolts to the Tournapull main
case, and the face of the outer bearing cone. This
distance must be 2.687/1 (-+-O.OOI/I),
If the pinion is marked M.D. Std., or does not

have an M.D. marking and if the transfer case
does not have a reference marking, the pinion is
correctly positioned when the distance from the
machined surface on the transfer case to the face
of the outer bearing cone is 2.687/1.
If there is an M.D. minus (-) marking on the



end of the pinion, it indicates that the pinion must
be set farther out of the bearing bore by shimming
between the bottom of the bearing bore and bear­
ing .cup, the distance of the M.D. marking. For
example: If the pinion is marked M.D. -0.005/1, it
indicates that the pinion must be set out an addi­
tional 0.005/1 from the bearing bore. The measure­
ment b~tween the face of the transfer case and the
face of the pinion outer bearing should change
from 2.687/1 to 2.692/1.
If the pinion is marked on the end with an M.D.

plus (+) marking, it indicates that the pinion
must be set deeper in the bearing bore by remov­
ing shims from beneath the bearing cup. For ex­
ample: If the pinion is marked M.D. +0.005/1 the
pinion must be set 0.005/1 deeper in the bearing
bore and the measurement between the machined
surface and the face of the outer bearing cone will
be 2.682/1.
If the transfer case is marked with a plus (+)

number, it indicates that the pinion must be set
out of the bearing bore by adding shims, in the
manner described above. For instance: If the case
is marked +0.005/1 the pinion must be set out of
the bearing bore an additional 0.005/1.
If the case is marked with a minus (-) number,

it indicates that the pinion must be set deeper in
the bore the same distance as the case is marked.

From the above mentioned markings on the pin­
ion and case determine the amount that the pinion
mounting will deviate from the required 2.687/1
measurement. Add or remove shims between the
bottom of the pinion bearing bore and the bearing
cup to properly install the pinion.

Replace oil slushing ring. Install pinion and

shaft into bore in case with correct amount of
shims as determined above. Replace pinion shaft
front bearing retainer. Secure with capscrews
torqued to 60 ft. lbs. and install lockwires.

Inst-all spacer on pinion shaft. Replace upper
gear inner bearing cup into case.

Position pinion shaft gear, gear spacer, and
roller bearing on pinion shaft. Bearing snap ring
must be toward gear. Replace end plate over end
of pinion shaft. Secure with caps crews torqued to
60 ft. lbs. and secure with lockwires.
Press bearing cones onto upper gear. Install

gear into case. Replace oil pipe.
Press upper gear outer bearing cup into rear

cover plate and install cover plate on transfer
case. Put coat of Permatex on machined surface of
cover plate. Secure cover to case with capscrews
and lockwashers.

Replace oil seal in drive shaft bearing retainer,
place shims between retainer and transfer case
until end play of gear is reduced to 0.003/1 to
0.005/1. Secure retainer, with proper amount of
shims to cover plate with capscrews and lock­
washers.

Slide the splined hub on the drive shaft through
the differential compartment, transmission adap­
tor and over the splined nut on the rear of the
transmission mainshaft.

Appl y a thin coating of Permatex to the mating
surface of the transfer case and Tournapull case.

Hoist transfer case and position so that the
splines on the drive shaft are engaged with the
splines in the upper gear. Position transfer case
against Tournapull and secure with mounting
bolts.

FIGURE F-36. TRANSFER CASE, EXPLODED
1. Oil Seal 7. Key 13. Dowel Pin 19. Oil Slushing Ring
2. Beari ng Cover 8. Drive Shaft 14. Case 20. Pipe Plug
3. Shim 9. Spacer 15. Oil Pipe 21. Bearing
4. Lockwasher 10. Bearing Cup 16. Capscrew 22. Plate
5. Nut 11. Bearing Cone 17. Pinion 23. Cover Plate
6. Snap Ring 12. Gear 18. Retainer 24. Cap
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Install spacer over drive shaft into bore of up­
per gear. Install snap ring into upper gear,
against spacer.

...
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Install parking brake, reconnect linkage, and
replace any other assemblies that were removed.
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FINAL DRIVES
FINAL DRIVE PINION

Removal
Drain lubricant from the main case and auxili­

ary transmission (or transfer case if machine is
equipped with power shift transmission).
Blockup the machine and remove the wheel and

tire from the side to be worked on.
Remove the round cover plate from the rear of

the final drive compartment containing the pinion
to be removed. Also remove the large cover plate
and gasket at the front of the compartment. ex­
posing the final drive gear (Fig. G-}l.

FIGURE G.1. WHEEL AND COVER PLATE REMOVED
1. Axle. 2. Brake Assembly 3. Final Drive Gear

Remove the capscrews securing the pinion bear­
ing retainer cap to the case wall and remove the
cap (Fig. G-2).
Pull pinion. outer bearing assembly and inner

race of the inner roller bearing assembly from the
case.
Press bearing races from the pinion shaft.
Remove the bearing from inner case wall by

rolling it behind the final drive gear and remov­
ing from front of final drive compartment.

FIGURE G·2. REMOVING RETAINER CAP
1. Capscrew 2. Retainer Cap

1. Bearing 2. Pinion and Shaft
FIGURE G·3. FINAL DRIVE PINION, EXPLODED

4. Capscrew

Installation

3. Bearing Cap 5. Lockwasher

Press inner and outer bearing races onto pinion
shaft. The flange end of the bearing races must be
toward the pinion gear.
Replace bearing in inner case wall. The snap

ring on the bearing must be facing the pinion gear
for both inner and outer bearings.
Insert pinion through bearing bores into case

G-2

(Fig. G-4l. Align splines on end of pimon shaft
with internal splines of differential bevel gear.
Tap with soft hammer until pinion and shaft is
seated in case.
Replace outer bearing (Fig. G-5).
Replace bearing retainer cap and secure to out­

er case with capscrews and lockwashers.

-



FIGURE G-4. REPLACING PINION
I. Pinion 2. Bearing Race

FIGURE G-5. REPLACING OUTER BEARING
I. Bearing 2. Pinion

FINAL DRIVE AXLE
Removal

Drain the oil from the main case and auxiliary
transmission (or transfer case if machine is equip­
ped with power shift transmission).
Block up machine and remove wheel and tire

from side to be worked on.
Remove the round cover plate from the rear of

the final drive compartment containing the axle to
be removed. Also remove the large cover plate and
gasket at the front of the compartment, exposing
the final drive gear (see Fig. G-I),
Cut lockwires and remove capscrews securing

axle bearing retainer cap to the inner case wall
(Fig. G-S)'
Remove bearing retainer cap.
Remove locking setscrew from axle locknut.

Place wrench over locknut and block to prevent its
turning. Remove bearing cap from the final drive

FIGURE G-6. BEARING RETAINER CAP
I. Case Wall 2. Retainer Cap 3. Capscrew

FIGURE G-7. REMOVING AXLE
I. Axle 2. Spacer Tube

FIGURE G-8. OUTER BEARING
I. Axle Housing 2. Bearing 3. Lackbolt 4. Oil Seal
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pinion on the same side. Put wrench with square
drive in hole in pinion shaft and turn pinion clock­
wise to loosen the axle nut. Transmission must be
in neutral.

Place the six long retainer cap capscrews back
to hold the inner bearing retainer in place while
the axle is being removed.

Place blocks under the final drive gear to pre­
vent it from dropping to the bottom of the case as
the axle is being removed.

Position hydraulic jack in case against the end
of the final drive axle. Use a hardwood block be­
tween the end of the jack and the bearing retainer
cap on the opposite side of the machine. Force
axle loose from bearings.

Remove axle, bearing race, seal ring and spacer
tube from the case. Do not allow axle spacer to
drop to the bottom of the case as the axle is being
removed (Fig. G-7).

Remove gear from case.
Remove the six capscrews and remove the bear­

ing retainer from the inner case wall and remove
the bearing.

Back out the bearing lock bolt from the axle
housing. Remove oil seal and bearing (Fig. G-8)'

Exercise caution when removing oil seal to pre­
vent damaging the lip of the oil seal. Remove all
old lubricant from axle housing. It may contain
abrasive particles which will accelerate bearing
wear.

Installation
Clean all parts thoroughly. Check bearings for

damage or excessive wear. Check oil seals for
stiffness, cracks or damage. Check general condi­
tion of gear, axle, and shaft for chipped or broken
teeth, cracks or checks. Check threads. Replace all
worn or damaged parts.
Replace bearing in axle housing and install

bearing lock bolt.
Install oil seal with leathers facing the center

of the case (Fig. G-8)'
Place inner bearing race into bearing bore.

Place bearing retainer over bearing with the larg­
est diameter of the retainer bore facing the out­
side of the machine, hold in place by screwing
two of the long bearing retainer cap capscrews
through the case wall and into the inner bearing
retainer. See Fig. G-9.

FIGURE G-9. INNER BEARING
1. Capscrews 2. Bearing

Press roller bearing race onto axle. Position seal
ring and spacer tube over axle. The largest inside
diameter of the seal ring goes next to the axle
flange.
Position final drive gear into the case with the

gear hub facing the outside of the machine.
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Attach sling to axle and insert into axle hous­
ing.
As the end of the axle comes through the final

drive gear, place the spacer between the gear and
the inner bearing retainer. The tapered side of the
spacer goes into the bearing retainer (Fig. G-IOl.

FIGURE G-10. GEAR AND SPACER
1. Gear 2. Spacer 3. Retainer

Turn axle until the splines on the axle fit into
the splines in the final drive gear.
Drive against the center of the axle flange to

seat the final drive gear on the axle.
Check spacer tube. It should have 3/16" move-

ment when gear is properly seated on axle. .
Replace bearing race, spacer and outer bearing

in inner case wall.
Remove the two capscrews holding the bearing

retainer.
Place locknut over axle shaft, tighten and torque

to 2000 ft. lbs., using the same method as de­
scribed to remove axle nut, only turn the pinion
counterclockwise. Approximately 400 ft. lbs, force



applied to the pinion in this manner will torque
axle nut to the required amount.
Put a thick coat of Permatex on bearing retain­

er cap and replace cap on case.
Replace the capscrews and copper washers se­

curing the bearing retainer cap to the case wall.
Alternate the long capscrews with the short ones.
The long ones go through the case wall and into
the inner bearing retainer. The short ones go into

the tapped holes in the case.
Tighten capscrews and install lockwires.
Replace final drive pinion, cover plates, and

other parts or assemblies removed.
Replace final drive front cover and gasket. Se­

cure with capscrews and lockwashers.
Replace lubricant in final drive compartment.

See Section "K" of this manual for correct type and
amount of lubricant.

1. Capscrew
2. RetainerCap

FIGURE e-t i. FINAL DRIVE GEAR AND AXLE, EXPLODED
3. Locknut 5. Retainer 7. Geor 9. Bearing
4. Bearing 6. Spacer 8. SpacerTube 10. SealRing

11. Oil Seal
12. Axle

DIFFERENTIAL
The differential provides a means of slowing the

inner wheel and speeding the outer wheel when
turning, and accomplishes a proportioning of pow­
·er between the wheel with poor traction and the
wheel with better traction.
The differential pinion is a compensating link­

age with the differential housing, used to connect
the axle shaft to the drive shaft. If the pinions
were removed from the differential. the vehicle
could not move. The nature of a standard differen-

tial is to permit power to flow to the wheel with
the least resistance. This inherent nature results
from the freedom of the pinions to rotate within
the differential housing, giving the compensation
needed on turns. The only way we can prevent all
the engine power fromgoing to the wheel with the
least resistance, and still keep the differential
simple in design and construction, is to restrict
the rotation of the pinions when one wheel starts
to slip.

FIGURE G-12. DIFFERENTIAL, EXPLODED
1. Bearing 5. Housing 9. Setscrew 13. Differential Gear
2. Differential Pinion 6. RingGear 10. BearingCoge 14. Bushing
3. Shim 7. Retainer 11. Bearing 15. EndCover
4. Bushing 8. Locknut 12. RingGear Carrier 16. Retainer
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The LeTourneau-Westinghouse differential capi­
talizes on the simple design of the standard differ­
ential by placing large friction bushings at the top
of each differential pinion. There is no intricate
gearing, collars or springs to require maintenance.
When one wheel starts to slip, the pinions rotate
within the differential housing. The rotation forces
the pinions out against the bushing which restricts
the speed of pinion rotation. As the speed of their
rotation is restricted, a portion of engine power is
automatically diverted to the opposite wheel. The
greater the speed of the slipping wheel. the great­
er the restriction, and the greater the portion of
engine power that is diverted to the opposite
wheel.

The reason one wheel can pull four times as
much as the other is that the pinion is small and
rotates rapidly when differentiating. At the same
time the lubricated bronze bushings are very
large, which increase the lineal feet per minute
at the bushing surfaces which resists the differen­
tiating action enough to make one wheel pull ap­
proximately four times as much as the other.

When the Tournapull is traveling in a straight
line, the differential pinion gears act merely as
linkage, and do not rotate with respect to the dif­
ferential pinion bushings. When the Tournapull is
turning, the differential pinion gears are meshed
to both differential gears, and therefore act as
compensators as well as linkage.

Removal
Disconnect fuel lines to fuel tank at the cou­

plings on the rear of the Tournapull case.
Attach hoist to fuel tank assembly. Remove the

mounting bolts securing the assembly to the Tour­
napull main case. Remove fuel tank.
Drain the lubricant from the main case and

auxiliary transmission (or transfer case).
Remove parking brake, auxiliary transmission

(or transfer case) and drive shaft. Refer to Section
"F".
Remove both final drive pinions as previously

described.
Cut the lockwires and remove capscrews secur­

ing ring gear to ring gear carrier. With soft ham­
mer drive ring gear from seat on ring gear carrier
(Fig. G-13)'
Remove capscrews fastening bearing cage to

main case wall, also remove the capscrews fasten­
ing the bearing retainer to the bearing cage (Fig.
G-14).

FIGURE G-13. RING GEAR AND RETAINER CAPSCREWS
REMOVED

1. Ring Gear 2. Retainer
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Attach removal tool (similar to the one shown
in Fig. G-lS) to differential assembly. (There is a
tapped hole in one side of the differential housing
for attaching the tool.) Attach hoist to tool.

FIGURE G-14. CARRIER SHAFT LOCKNUT
1. Carrier Shaft 2. Locknut 3. Setscrew 4. Bearing Cage

FIGURE G-15. REMOVING DIFFERENTIAL



Cut lockwires and remove capscrews securing
bearing retainer to bearing cage.

Tap bearing cage out of bore in case wall. Re­
move and keep together the split shims between
the bearing cage and the case wall. Differential is
now free.

Move differential and ring gear to the right un-

til the roller bearing on the left end of the differen­
tial clears the bearing bore in the case wall.

Remove differential and ring gear from case.
Place on bench for further disassembly.

Pull bearing cone from case wall.
Remove locking setscrew from carrier shaft and

remove locknut. Pull bearing from shaft.

Disassembly
Cut lockwires and remove capscrews securing

ring gear carrier to differential housing. (Fig.
G-IS)'
Use a brass drift to drive the ring gear carrier

from the differential housing.
Cut the lockwires and remove the capscrews

securing the pinion gears and pinion gear bush­
ings to the housing.
Remove the bushings, shims and pinion gears.

Mark the bushings, gears, shims and housing so
that each part can be replaced in the position from
which it was removed.

FIGURE G-16. CAPSCREWSREMOVED
1. Ring Gear 2. Housing 3. Carrier

FIGURE G-17. DIFFERENTIALHOUSING AND GEARS
1. End Caver
2. Bushing

3. Housing
4. Differential Pinion

5. Differential
Gear

Remove capscrews securing bearing retainer to
differential end cover.
Cut the lockwires and remove the capscrews

securing the end cover, differential gear and bush­
ing to the housing.
Remove the differential gears from cover and

housing.
Pull the differential gear bushings from their

respective positions.
NOTE:Use mating marks on housing, bushings

and gears to insure reassembly in correct position.

Reassembly
Thoroughly clean all parts of the differential

assembly. Check each part for wear or damage.
Check the ring gear and pinion gear teeth. Re­
place parts that show evidence of excessive wear
or damage. (Ring gear and pinion are replaceable
in matched sets only.)
Press differential gear bushings into housing

and end cover.
Replace differential gears in their respective

positions in housing and end cover.
Secure end cover, differential gear and bushing

to housing with capscrews. Torque to 285 ft. lbs.
and install lockwires.

Install pinion gears and bushings. Pinion gears
should have from 0.020" to 0.040" free drop in
bushing when turned to bottom side. Check with
a dial indicator. There should be no more than
0.002" variation between any two of the pinion
gears. Bushings are to be hand fitted to gears so
that they turn without drag or bind. Use shims
between bushings and housing to obtain proper
adjustment.
Place ring gear over neck of differential hous­

ing with gear teeth toward the pinion bushings.
Press ring gear carrier into differential housing.

Be sure to align tapped holes in housing with
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holes in carrier. Do not bolt ring gear to carrier.
Install capscrews securing carrier to differential

housing. Do not torque up at this point.

Press bearing race onto end cover and replace
retainer. Secure with capscrews and lockwashers.

Installation
Replace single row roller bearing into bearing

bore in left side of differential compartment (Fig.
G-181.
Place retainer over carrier shaft, press bearing

onto carrier shaft (Fig. G-151.
Attach tool and hoist to differential assembly

and position into case.
Swing right end of carrier shaft into bearing

cage bore until retainer and bearing race on left
side of differential will fit into bearing in case
wall.
Position bearing cage into main case with oil

hole in top. Do not seat it in bore in case (Fig.
G-191.

FIGURE G-18. BEARING IN POSITION
1. Bearing 2. Case

FIGURE G-19. INNER BEARING CAGE
1. Cage 2. Oil Hole

Replace shims and tap bearing cage into place
over bearing on carrier shaft. Keep holes in cage
aligned with holes in case wall. Remove tool.
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FIGURE G-20. TIGHTENING CAPSCREWS
1. Ring Gear 2. Corrier 3. TorqueWrench

Fasten bearing retainer to bearing cage and
install lockwires.
Push ring gear up on seat on carrier shaft,

loosen the bolts fastening the carrier to the hous­
ing. Pull ring gear up on carrier shaft using cap­
screws and washers. Place wood block under dif­
ferential to keep it from turning while tightening
capscrews (Fig. G-201.
Secure ring gear to carrier shaft flange with

bolts. Torque bolts to 285 ft. lbs. and install lock­
wires. Torque bolts securing carrier to housing to
870 ft. lbs, and install lockwires.
Mount the auxiliary transmission (or transfer

case) on the machine. Make certain that the pin­
ion tooth marked with an "X" is placed between
the two ring gear teeth marked with "X's", Note
the amount of backlash etched on the gear. (Ring
gear and pinion are sold in matched sets only.)
Remove the cover plates from the right rear of

the Tournapull main case.
Mount dial indicator on the wall between the

differential compartment and the final drive pin­
ion compartment.
Indicator button must be touching the ring gear

teeth. Set the indicator at "0".
Nowmove the ring gear carrier endwise in the

direction needed, until the backlash between the
ring gear and pinion, as indicated by the move­
ment of the dial indicator needle, is equal to the
dimension etched on the edge of the ring gear.
Moving the ring gear is accomplished by remov­

ing the capscrews securing the right bearing cage



to the case wall and inserting the necessary shims
between the bearing cage and the case wall.
These are split type shims. Adding shims increases
the amount of backlash, removing shims decreases
the backlash (Fig. G-22>'

FIGURE G-21. MOUNTING AUXILIARY TRANSMISSION
1. Ring Gear 2. Pinion 3. "X"Marks

FIGURE G-22. POSITION OF SHIMS
1. Case Wall 2. Bearing Cage 3. Shims

Check the backlash at four points equidistant
around the circumference of the gear.
After proper adjustment has been obtained,

tighten bearing cage capscrews to 285 ft. lbs,
torque and install lockwires. Recheck backlash
adjustment after capscrews have been tightened.
Remove dial indicator.
Coat the ring gear and pinion teeth with a thin

coating of red lead and check the tooth pattern.
Turn the ring gear one complete turn in each di­
rection under no load conditions. The tooth pat­
terns of the ring gear should approximate the ones
shown in Fig. 23.
As the load increases, the tooth patterns should

extend toward the heel of the teeth, in proportion
to the load, until the tooth patterns approximate

FIGURE G-23. RING GEAR TOOTH BEARING PATTERN,
UNLOADED

1. Heel 2. Toe 3. Forward 4. Reverse

those in Fig. 24, under full loaded conditions.
NOTE: The patterns shown are what could be

considered ideal patterns, which are almost im­
possible to obtain, and the patterns can deviate
within reasonable limits. The full load pattern can
be considered acceptable even though the pattern
should run up the toe or back to the heel as long
as it extends along the tooth approximately the
length shown, and does not indicate heavy tooth

FIGURE G-24. RING GEAR TOOTH BEARING PATTERN,
LOADED

1. Heel 2. Toe 3. Forward 4. Reverse

bearing on the heel or toe. The patterns are not
acceptable if they run off the toe or heel of the
teeth as this will usually result in chipping of the
teeth. The patterns can also run higher toward the
top than those shown, and even run slightly off
the top, as long as most of the tooth bearing is
below the top. The pattern however, cannot run to
the bottom of the teeth as this would cause scrub­
bing of the teeth and premature failure of the ring
gear or pinion.
The backlash adjustment between the pinion

and ring gear is required whenever one or both of
these units are installed in the machine, or if the
adjustment is disturbed for any other reason.
Replace cover plates.
Fill compartment with correct amount and type

of lubricant. Refer to Section "K" of this manual.
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TROUBLE SHOOTING

TROUBLE:Noisy Gears
CAUSE: Chipped, broken, pitted or galled teeth.
REMEDY:Replace gears.

TROUBLE:End play in axle.
CAUSE: Bearing failure.
REMEDY:Replace bearing{s}.

CAUSE: Loose axle nut.
REMEDY:Tighten nut. Replace if threads are

damaged.
CAUSE: Loose retainer cap.
REMEDY:Tighten retainer cap capscrews.

TROUBLE:Axle oil seal leakage.
CAUSE: Lubricants may not be those which are

recommended. Oils lighter than the
recommended may seep out under
seals. Incorrect type of oil may break
down and become fluid from heat of
operation.

REMEDY:Remove lubricant and replace with
recommended type.

CAUSE: Oil seal incorrectly installed with lips
cupped outward from lube chamber.

REMEDY:Remove oil seals and install with
lips cupped inward.

G-IO

CAUSE: Gear case filled with oil above oil lev­
el plug.

REMEDY:Lower oil level to level plug.
CAUSE: Oil seals becoming burned and hard­

ened as a result of overheating.
REMEDY:Correct cause of overheating and

install new oil seals.
TROUBLE:End play in pinion.
CAUSE: Loose bearing cap or bearing out of

adjustment.
REMEDY:Tighten cap-adjust bearing.

TROUBLE:Differentialslips on pulls.
CAUSE: Excessive wear in pinion and bushings.
REMEDY:Remove shims or replace the worn

parts.
TROUBLE:Noisy operation on turns-rough opera­
tion.

CAUSE: Broken gear teeth-galled bearings.
REMEDY:Replace broken or worn parts.

TROUBLE:Shock load on ring gear when starting.
CAUSE: Excessive backlash between ring gear

and pinion.
REMEDY:Re-adjust backlash.
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BRAKES, WHEELS AND TIRES
BRAKES

,
J

Each wheel is equipped with an air actuated
and spring released multiple disc air brake. The
principal parts of the brake are: brake hub which
is bolted to the main case structure; discs of two
types, steel discs which are splined to the brake
hub and fabricated discs which are splined to the
brake drum; and the pressure plate and dia­
phragm.
When a brake is actuated by foot pressure on

the metering type air valve on the floor of the
cockpit, or by a hand brake valve, compressed air
from the supply tank is admitted to the brake. The

APPLIED

air exerts pressure through the diaphragm against
the pressure plate. The pressure plate presses
against the discs forcing them together. Since part
of the discs are splined to the revolving brake
drum and part to the stationary brake hub, the
wheel is braked when the discs are forced to­
gether.
When air to the brake is cut off (Brake pedal,

or valve released), the return springs force the
pressure plate to its original or released position.
These springs are compressed when the brake is
engaged. See Figure H-l.

RELEASED

1. Brake Drum
2. Revolving Discs
3. Stationary Discs

FIGURE H-1. WHEEL BRAKE OPERATION
4. Backing Plate 7. Pressure Plate
5. Snap Ring 8. Diaphragm
6. Brake Hub 9. Diaphragm Backing Plate

Removal
Block up Tournapull or trail unit so that the

wheel and tire to be removed will roll free.
Place a sling around the wheel and tire. Re­

move the capscrews securing the wheel to the
hub, or to the axle.

Remove tire and wheel frommachine.
As a safety precaution, bleed the air system

before disconnecting the air line to the brake to
be removed.

Disassembly
The following instructions apply to disassem­

bling the brake assembly after it has been re­
moved fromthe machine.
The brake can be disassembled while still on

the machine as described. However, the same cap­
screws which secure the brake assembly to the
main case fasten the brake hub to the plate, with
the exception of the four short capscrews. These
four, the middle capscrews in the groups of three,
do not extend through to the brake plate on the
main case. If tapered capscrews are all removed,
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the drum will be separated from the plate and the
plate from the main case all in one operation.
To remove the brake as a unit remove all the

capscrews except the four short ones. It is then
necessary to remove only these four to separate
the hub from the plate.
Be sure no air pressure is applied to the brake.
Cut the lockwires and remove the capscrews se­

curing the snap ring guards around the circumfer­
ence of the brake (Figure H-2l.
Pry out snap ring, using bar or other suitable



tool.
Remove the backing plate, lined and unlined

discs from the hub (Figure H-3l.
Remove the four capscrews securing the hub to

the diaphragm backing plate. Note the position of
the brake release springs and guides as the hub
and plate are separated (Figure H-4l.
Remove springs and guide pins from hub.

FIGURE H-2. SNAP RINGS AND GUARDS
1. Capscrews 2. Snap Ring Guards 3. Snap Rings

FIGURE H-3. REMOVING BACKING PLATE AND DISCS
1. Hub 2. Backing Plate 3. Discs

Removepressure plate (Figure H-5l.
Mark position of dust guard in relation to the

backing plate.
Remove the capscrews and lockwashers secur­

ing the diaphragm retainer ring, dust guard and
backing plate together (Figure H-6l.
Separate the three units. Remove diaphragm

from backing plate.

FIGURE H-4. BRAKE HUB, REMOVED
1. Brake Hub 3. Pressure Plate
2. Springs and Guides 4. Backing Plate

FIGURE H-5. PRESSURE PLATE, REMOVED
1. Pressure Plate 3. Retainer Ring
2. Diaphragm 4. Backing Plate

Reassembly
Clean all parts thoroughly. Inspect carefully for

damage or wear.
Check diaphragm carefully. A leaking dia­

phragm causes slippage and excessive wear, and
must be replaced with a new unit.
Keep the brake hub splines clean. Any obstruc­

tion in the splines is apt to cause uneven move­
ment and sluggish brake action.
Correct any defect in the air lines which may

retard the flow of air to the brake such as com­
pressed, broken or clogged lines.

In extremely cold weather, any moisture pres­
ent in the air lines may freeze and impede the
flow of air. Add alcohol to the air system to ab­
sorb the moisture and help eliminate this condi­
tion (1 pint each day to the air supply tank).
NOTE:Whenever a brake is disassembled and is

found to have small type release spring guides, dis­
card them and replace with heavier ones. The heav­
ier ones can be made from #12d common nails,
including the head. Cut the nail to 2%/1 (+0/1)
(_l/S/l) overall length, and remove burrs from cut
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ends.
Lubricate the diaphragm with a thin coating of

good grade cup grease (black rubber diaphragms
only).
If the brake is equipped with a silicone rubber

diaphragm caution must be used to keep it clean
and free of oil and grease when handling, storing,
or installing. This diaphragm may be identified by
its gray color.
Place diaphragm on backing plate and replace

retainer. Be sure that diaphragm is seated prop­
erly so that it will not be pinched.
Replace the capscrews fastening the dust guard

and retainer ring to the backing plate. Torque to
30 ft. lbs,
Check condition of brake release springs. Re­

place if necessary (see above).
Install brake release springs and guide pins in

holes around the circumferenceof brake hub. Put
pressure plate over hub with flat side against dia­
phragm. Place brake hub on brake plate with
holes in hub to the top of the brake assembly, and
replace the four short capscrews that hold the hub
to the plate (middle capscrews in the groups of
three), torque to 190ft. Ibs.
Replace brake discs, starting with a steel disc

next to the pressure plate; alternate steel and
lined discs.
Replace backing plate. Install snap ring in

groove in hub.
Replace snap ring guards and secure with cap­

screws. Install lockwires.
Install brake unit on machine and secure with

FIGURE H-6. REMOVING BACKING PLATE
1. Retainer Ring 3. Dust Seal
2. Backing Plate 4. Capscrew

capscrews (torque to 190 ft. lbs.). The brake must
be mounted so that the air inlet fitting the brake
backing plate is in such a position that it can be
connected to the air line from the quick release
valve. (Holes in brake hub must be on top.)
Reconnectair line to brake actuating plate. Ap­

ply air pressure and check for air leaks.
Replace tire and wheel.
NOTE: U replacement steel discs are installed in

the brake, the variation in thickness of discs may
result in a tight brake. Should this occur and the
counterbore of the backing plate faces the disc, re­
verse the position of the backing plate so that the
counterbore faces the ring guards and snap rings.
Clearance between brake discs should be from
3/16" to lf4".

PARKING BRAKE

FIGURE H-7. PARKING
1. Brake Drum
2. Adjusting Screw
3. Brake Shoe

BRAKE ASSEMBLY
4. Release Springs
5. Lever
6. Adjusting Linkage
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The parking brake is a wire rope operated band
type brake. A brake drum is keyed to, and re­
volves with, the drive shaft at the rear of the
auxiliary transmission or the transfer case.
Two fiber lined brake shoes are connected so

that one is against the inside surface of the drum
and one is against the outside surface.
Pulling back on the parking brake lever exerts

a pull on the wire rope linking the lever to the
brake actuating arm. This pull brings the brake
shoes into contact with the revolving brake drum
(against spring pressure).
Pushing the parking brake lever forward re­

leases the pull on the wire rope, and brake release
springs pull the brake shoes away fromthe brake
drum.
For the most efficient operation of the parking

brake, leave the transmission in gear (except
when engine is running), this provides a direct
connection through the transmission and engine.



-------------_----- - -_

Removal and Disassembly

Reassembly
Inspect for broken, cracked or otherwise dam­

aged parts. Check brake drum for cracks or warp­
age. Replace if necessary.
Inspect brake linings and actuating wire rope.
Replace brake shoes onto actuating arm studs

and secure with lockwires. Replace pivot stud into
holes in outer brake shoe. Secure with flat wash­
er and snap ring.
Mount unit on auxiliary transmission and re­

place lockwasher and nut on pivot stud.
Place brake drum over drive shaft with lip of

drum between inner and outer brake shoes.
Align keyway in brake drum with keyway in

the shaft and install key.
Secure brake drum to drive shaft with flat

washer, castellated nut and cotter.
Fasten control wire rope to adjusting yoke with

wire rope clamps.
Replace brake release springs.

Place the parking brake lever in the released
position to relieve tension on actuating wire rope
and release springs.
Remove the wire rope clamp securing the wire

rope to the adjusting yoke.
Remove the three brake release springs.
Remove cotter, castellated nut and flat washer

fromend of drive shaft (Fig. H-8l. Pull brake drum
and key fromshaft (Fig.H-9l.
To remove the brake assembly as a unit, re­

move the nut and lockwasher from the brake shoe

FIGURE H-8. BRAKE DRUM AND OUTER SHOE
1. Colter 2. Nut 3. DriveShoft 4. FlatWasher

pivot stud and remove brake shoes and stud from
auxiliary transmission.
The following instructions apply to disassem­

bling the brake after it has been removed from
the machine, however, the same instructions will
apply for disassembly while still mounted. See
Fig. H-IO.
Remove snap ring and washer from pivot stud

and pull brake shoes fromstud.
Remove lockwires from ends of actuating arm

studs and remove brake shoes.

FIGURE H-9. REMOVING BRAKE AND KEY
1. BrakeDrum 2. Key 3. BrakeShoe

FIGURE H-10. BRAKE SHOES
I. Inner BrakeShoe
2. Lockwire
3. Lining

4. Washer
5. LackRing
6. PivotStud

7. Nut
8.. Outer Brake

Shoe

Adiustment
Place parking brake lever into the released po­

sition and shift the transmission into neutral. Put
wrench over the large slotted nut on the drive
shaft to turn the brake drum.
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FIGURE H-ll. PARKING BRAKE ADJUSTMENT
1. BrakeDrum 3. Locknut 5. RopeClamp
2. BrakeShoe 4. Adjusting Screw 6. Yoke

The tires should be checked at least once each
week (before operation) with an accurate tire
pressure gauge.
Tire pressures may be varied due to operating

conditions. Consult the tire manufacturer's repre­
sentative for recommendations.
Recommended normal air pressure (when tires

are cold) for the various tires is as follows:
27.00-33 24 Ply Rating ... 40 p.s.i.
27.00-33 30 Ply Rating. . .50 p.s.i.

While a weekly inflation check with a gauge
is recommended, the operator must watch the tires
constantly as punctures or slow leaks may devel­
op at any time.
Do not depend on the valve cores being air

tight; always keep valve caps securely applied to
the valve stems. Caps also protect the valve from
damage and deterioration.
Do not bleed air from tires which are hot due

to operating. Under such circumstances it is nor­
mal for the pressure in the tube to increase due to
expansion.
A bent or damaged rim which does not support

the bead properly may cause abnormal strain on
the tire and result in failure.
Should a tire become cut exposing the cords of

the body plys of fabric, it should be removed and

Loosen the locknut on the brake band adjusting
screw. Turn the adjusting screw in a clockwise
direction, while rotating the brake drum, until the
brake linings begin to rub on the drum. Then turn
the adjusting screw counter-clockwise until the
brake linings cease to rub. Tighten locknut on ad­
justing screw.
After the brake shoes have been properly ad­

justed move brake lever to the applied position
and check the tension in the brake wire rope. If
brake is not fully applied, shorten or lengthen the
wire rope (whichever is necessary) by using the
two nuts on the threaded end of the adjusting
yoke. If enough adjustment cannot be made this
way, shorten the wire rope by moving wire rope
clamp.
Finally check brake with lever in the released

position to make certain brake is fully releasing
and is not dragging on the drum. Improper re­
lease may be caused by weak release springs. If
this condition exists, replace the springs.

TIRES
repaired. Neglected cuts cause many tire failures.
Water, sand, grit, and dirt and other foreign ma­
terials work their way into a tire through a cut,
eventually causing tread or ply separation and
tire failure.
A tire may be retreaded if removed in time.
Tires and tubes should be stored indoors if pos­

sible. If not practical to store inside, be certain to
cover them with tarpaulin to keep out dirt. water
and other foreign materials. Storage should be in
a dark, cool. dry and free-from-draft location.
Avoid contact with petroleum products such as oil,
grease, fuel oil, etc.
Before storing used tires, clean thoroughly, in­

spect for damage, and repair where necessary.
When a rubber tired vehicle is placed in storage,
it should be blocked up to take its weight from
the tires, and the tires deflated.
If the vehicle cannot be blocked up, check the

air and tires twice a month and keep properly
inflated.
Always store or transport tires standing up. Be

careful not to damage beads with hooks, ropes or
chains. If necessary to raise tire by bead, always
pad bead with burlap or canvas. Do not lift rims
by the valve holes.
Use a lead or babbitt hammer, never a sledge.

Changing
Securely block all wheels other than the one

on which the tire change is to be made. Jack up
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the wheel sufficiently for the tire to clear the
ground. As a safety precaution block up under the



axle to prevent falling if the jack should slip.
Attach sling hoist around tire, remove wheel

mounting capscrews, and remove wheel and tire
frommachine.
Removevalve core and exhaust air pressure be­

fore starting to dismount tire. Always replace
valve cap to protect the soft metal threads during
tire removal.
The use of a hydraulic bead breaker is a

"must". Use according to the manufacturer's rec­
ommendations.

TUBELESS TYPE
Break outer bead loose from bead seat.
Insert flat end of tire tool into lock ring break­

ing notch and pry out lock ring (Fig. H-12l.
Remove "0" ring from rim base, being careful

not to damage it. Then remove bead seat band and
outer ring (Fig.H-13l.
Turn tire over and with hydraulic bead breaker

loosen bead fromwheel. Liftwheel rim out of tire.
To mount the tire, first clean dirt and rust from

all wheel parts, being particularly careful to clean
"0" ring groove and bead seats. It is advisable
to paint used rims with a good anti-rust paint. In­
sert the proper valve and tighten securely. 50 to
55 inch pounds torque is recommended.With inner
ring in place raise at least 411 off the floor with
blocks so that weight of tire will help to seat the
inner bead.
Coat beads lightly with tire mounting com­

pound or soap flake solution. Raise tire with rope
or chain sling and lower into position.
Put top flange in place. Position bead seat band

on rim base being careful to line up slug in base
with lug slot in bead seat band (Fig. H-14l.
Install lock ring and tap into place with bab­

bitt or lead hammer. Lock ring lug must fit into
gutter slot. Tap bead seat band down so that "0"
ring groove is visible.

FIGURE H-12. REMOVING LOCK RING
1. LockRing 2. TireTool 3. "0" Ring

FIGURE H-13. REMOVING BEAD SEAT BAND
1. BeadSealBand 2. Flange

FIGURE H-14. REPLACING BEAD SEAT BAND
1. "0" RingGroove 2. BeadSealBand 3. Flange

FIGURE H-15. REPLACING "0" RING
1. LockRing 2. "0" Ring

Insert "0" ring in groove and lubricate with
tire mounting compound or soap flake solution
(Fig.H-15l.
Removevalve core so that the most rapid initial

air flow can be obtained. Stand to one side of
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wheel and tire when inflating. If upper bead and
"0" ring do not seal within one minute, raise the
tire by the tread. This tends to push upper bead
into position. Stand to one side when inflating
tire.
As soon as sealing is effected, reinstall the

valve core and inflate to 75 pounds per square
inch pressure to seat bands. Reduce air pressure
to correct recommended amount.
Replace wheel and tire on machine. Tighten

wheel mounting capscrews to 870 ft. lbs.

TUBE TYPE
Special tools are available to aid in changing

the wide base tire. See Fig. H-16.

FIGURE H-16. SPECIAL TIRE TOOLS
1. BarTool 2. RatchetTool

Securely block all wheels other than the one
on which the tire change is to be made. Jack up
the wheel sufficiently for the tire to clear the
ground. As a safety precaution block up under the
axle to prevent machine falling if jack should slip.
Remove the valve core and exhaust all the air

pressure before starting to dismount the tire. Al­
ways replace valve cap after the rim is disassem­
bled to protect the soft metal threads during tire
removal.
Place the flat hooked end of a bar tool into one

of the four breaking slots between the bead seat
band and the rim flange. With a 5' length of pipe
slipped over the straight end of the tool for lever­
age, twist the tool in a circular direction. A sec­
ond operator now inserts another bar tool between
the bead seat band and the side flange, and with
the same twisting action holds the amount of
space gained with first tool. Move the first tool
forward around the circumference of the bead seat
band until the outer tire bead is loose.
Start the bead seat band in away from the lock

ring by placing a bar tool in the gutter section
between the ends of lock ring and prying radially
with the tool. Using two tools as described above,
work completely around the tire.
Pry out lock ring starting at prying notch and

working around the tire using two irons to pry
and hold.
After lock ring has been removed, pry the bead

seat band out over the gutter section and remove
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it, together with the side flange, from the rim
base.
Four similar breaking slots are provided on the

inside of the tapered bead rims, and inside bead
may be broken loose from the rim base in the
same manner. Another method is to place a small
jack between the side flange and some part of the
vehicle. By extending the jack, pressure is exerted
to force the tire bead off the rim taper. Work pro­
gressively around the tire to loosen the bead at all
points on the circumference.
Beforeworking the tire off the rim make certain

that the valve is pried out sufficiently to clear the
gutter section.
Before replacing tube in tire, inspect the tire

carefully, inside and out, for breaks, bruises, nails,
etc. Clean out all dirt and foreign material inside
the casing.
Replace the tube in casing, starting at the bot­

tom and working around the tire. Adding air as
the tube is worked in will help to hold it in place
and eliminate the possibility of wrinkles.
Insert flap in casing. Make sure it is properly

centered and free from wrinkles. Rotate the tire
as the flap is worked in so that the portion being
inserted is at the bottom of the tire. In some cases,
it may be necessary to spread the beads, using
spreader or car jack.
Clean wheel of rust and dirt by scraping and

by the use of a wire brush. Pay special attention
to the cleaning of all foreign matter out of the
lock ring gutter. Apply coating of rust preventive
to bead seats (zinc chromate and red lead are ex­
cellent>. The prevention of rust building up inside
and under the tire bead means the difference in
the use of the simple hand tools or force enough
to require power tools.
Place rear flange on rim base and line up the

driving lug with slots in rim.
Hoist or roll tire into position, making certain

that the valve stem lines up with the valve slot
before sliding tire onto wheel. If hoist is not used,
lower wheel far enough to permit top of tire to be
hooked over top of rim, then raise the wheel and
"walk" the tire on in the same manner as de­
scribed for removing the tire.
Hook two of the ratchet tools into the rim gut­

ter approximately four inches from either side of
the valve slot. Place the bead seat band in the
outside flange, lining up the driving lug on the
flange with the slot in the bead seat band. Mount
the bead seat band and side flange on the rim
base by hooking them over the two ratchet tools
and sliding on the rim. Be sure the driving lug on
the bead seat is lined up with the valve slot in



the rim base.
Engage two of the bar tools in the proper

notches of the ratchet tools and force the bead
seat band into position by prying. Holding pres­
sure against the band with one bar tool. slide the
other ratchet tool and bar tool around the circum­
ference of the rim, stopping approximately every
foot to pry the bead seat band in. Follow up with
second ratchet tool and bar tool to hold pressure
against the band and retain clearance gained.

After going around the rim once in this manner,
it should be possible to hook one of the bar tools
into the gutter for additional prying. Continue to
work around the rim, using the two bar tools with­
out the ratchet tools, until the bead seat band has
been forced % 1/ to 7/81/ inside the gutter edge.
Hold the band in this position and drive the

tapered end of a bar tool. or any suitable tapered
wedge, between the band and the rim base, di­
rectly under the bead in the bead seat band.
Hook one end of the lock ring into the gutter

next to the wedge. Retain pressure with one of
the bar tools against the bead seat band, and at
the same time pryor snap the lock ring into place
with the flattened end of another bar tool. When
lock ring is in place remove wedging tool from
between ends of lock ring.
Pry the bead seat band out over the ledge of

the lock ring, making certain that no binding oc­
curs when this is done. NEVERSTARTTO IN­
FLATE A TAPEREDBEAD TIRE UNLESS THE
BEADSEAT HAS BEENPRIEDOUT OVER THE
LOCK RING. Stand to one side when inflating
tire.
Check to be sure that driving lugs on both

flanges are engaged, then inflate to approximate-
1y 75 pounds pressure to insure proper seating of
the beads. Completely exhaust air from tire. In­
flate tire to recommended air pressure.
Replace wheel and tire on machine (if removed)

and torque wheel mounting capscrews to 870 ft.
lbs,
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STEERING ASSEMBLY

OPERATION

FIGURE 1-1. STEERING TRUNNION ASSEMBLY
1. Kingpin Housing 3. Gear Box 5. Hold Down Bolls
2. Steering Motor 4. Ring Gear 6. Setscrews

The basic parts of the steering assembly are:
the steering wheel, switch box, kingpin bushing,
steering motor with gear reduction box, ring gear
and kingpin.
The steering wheel, simple linkage and elec­

trical switches are combined to provide a positive
power electrical steering system. A mechanical
method for opening the main switches in the pow­
er circuit to the steering motor eliminates the pos­
sibility of switch lock-in and over steer in either
direction.
The kingpin housing is bolted solidly to the trail

unit yoke structure by bolts and bolt bar plugs,
and the steering motor and gear box unit is se­
cured to the bottom plate of the kingpin housing.
The kingpin housing rotates around the kingpin
on large roller bearings.
The kingpin is secured to the prime mover by a

mounting arrangement which permits the top of
the kingpin to move from side to side in short arcs.
The ring gear is bolted to the kingpin flange. The
teeth on the pinion gear, extending from the bot­
tom of the steering motor gear box, are in mesh
with the teeth on the ring gear.
When the electric motor is operated the pinion

gear rotates, moving the ring gear to the right or
left, depending upon the direction of motor rota­
tion. Ring gear, kingpin and prime mover turn to­
gether as a unit since they are all interconnected.
The steering wheel automatically returns to the

neutral position when released, opening the con­
trol circuit to the steering motor. The prime mover
is locked at whatever angle it makes with the trail
unit at that instant. The locking effect comes about
through the steering motor brake, which stops the
rotation of the motor rotor and gear box pinion as
soon as the motor circuit is broken. To return to a
straight ahead position it is necessary to turn the
steering wheel in the opposite direction.
With the steering motor brake applied, any free

play or slack is eliminated by the precision fit of
the entire chain of gears from the steering motor
to the steering ring gear. A cam mounted on the
top of the kingpin and two limit switches control
the degree of limit of turn in either direction.
These switches can be set for turns of any angle
up to approximately 90 degrees, right or left from
the straight ahead position. The steering wheel is
connected to a shaft which operates the linkage
that opens and closes the control switches, which
in turn actuate the steering motor main switches.

STEERING TRUNNION

Removal
Crib up nose of Tournapull and block wheels to

prevent movement.
Removesteering motor cover.
Disconnect all conductor cables to the main

switch boxes mounted on the kingpin housing and
to the steering motor. Remove cable clamp and
remove.cable fromcable hanger.
Bleed the air system and disconnect all wires

and tubing which lead back to the trail unit.
Position blocks to hold the trunnion assembly

firmly in an upright position.
Attach sling hoist to trail unit yoke. Take up

slack until the tension is relieved on the connect­
ing bolts.
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Cut the lockwires and remove the bolts from
the upper and lower yoke bolt bar plugs.
Separate Tournapull and trail unit.
Attach hoist to steering trunnion. Cut lockwires

and remove capscrews securing the front and rear
trunnion caps to the trunnion sockets. Remove
caps. Lift assembly frommachine and lower to the
floor or stand for further disassembly.
Removebearing inserts and shims from trunnion

sockets and caps (Fig. 1-3), Keep shims grouped
together as they are removed as they should be
replaced when reassembling the steering trun­
nion.



FIGURE 1-2. TRUNNION SOCKET JOINT
1. Cap 2. Capscrew 3. Socket 4. Trunnion

FIGURE 1-3. REMOVING INSERT
1. Insert 2. Socket

Disassembly
Remove the four capscrews on top of the king­

pin housing and take off the cover plate and gas­
ket. Disconnect wires from the two steering limit
switches.
The limit switches can be removed from the

housing by removing the capscrews securing the
switch support plate to the inside of the housing.
Remove switch support plate and switches. See

Fig. 1-4.
To separate the motor and gear box from the

kingpin housing, first disconnect all wiring to the
steering motor.
Remove the nuts securing the hold down bars

on the front and rear of the gear reduction box.
(See Fig. 1-1.)
Loosen the setscrews at the bottom of the gear

box.
Remove the four gear box mounting capscrews.

Attach sling to motor and gear box assembly and

FIGURE 1-4. STEERING LIMIT SWITCHES
1. Limit Switch 2. Support Plate 3. Capscrews 4. Cam

lift straight up to prevent damage to the gear box
output pinion.
Care should be taken when lowering motor and

gear box to the floor or stand not to damage the
gear box output pinion.
Refer to section "J" of this manual for disassem­

bly of the a.c. motor and gear reduction box.
Loosen the cam shaft jam nut and back cam

shaft out of the tapped hole in top of the kingpin.
(See Fig. 1-4.) Remove setscrew from the kingpin
upper bearing retainer nut. Remove the retainer
nut with the special wrench provided in the tool
kit. (Fig. 1-6,)
Attach hoist to housing assembly. Lift housing,

kingpin upper bearing, oil seal and lower bearing
cup from the kingpin. Remove grease seal ring
from top of ring gear if replacement of gear or
seal ring is necessary (Fig. 1-7).
Remove upper bearing cone, cup and oil seal

FIGURE 1-5. REMOVING MOTOR AND GEAR BOX
1. Motor 2. Gear Box 3. Setscrew 4. Pinion
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from housing.
To separate the kingpin and ring gear, cut the

lockwires and remove the caps crews securing the
ring gear to the king pin base.

Remove lower kingpin bearing cup from the
kingpin housing (Fig. 1-8),
Remove lower kingpin bearing cone from king­

pin by prying up on the spacer beneath bearing
cone.

FIGURE 1·6. BEARING AND RETAINER NUT
1. Setscrew 2. Retainer 3. Bearing

FIGURE 1·7. REMOVING HOUSING
1. Housing 3. Steering Gear 4. Flange2. Kingpin

NOTE:Steering motor and gear box, and kingpin
housing may be removed while the steering cssem­
bly is still mounted on the machine. Followthe pro­
cedure described above with the exception of re­
moving the capscrews from the trunnion ball sock­
ets and caps. See Fig.1-9.

FIGURE 1-8. KINGPIN ASSEMBLY
1. Kingpin
2. Bearing

3. Steering Gear
4. Capscrew

5. Spacer

FIGURE 1·9. REMOVING MOTOR, GEAR BOX AND HOUSING

Reassembly
Clean and inspect all bearings. Lubricate thor­

oughly before reassembly. Use medium weight
wheel bearing grease.
Check oil seals for dryness, hardness, or exces­

sive wear. Replace if damaged or if condition of
seal is such that it will leak.
Carefully inspect the teeth on the ring gear for

chips or excessive wear. If this condition is in evi­
dence, remove the ring gear mounting capscrews
and rotate the gear until the teeth which have not
been used occupy the old position of teeth which
have been used. This change can be made when
the wear on gear teeth is noticeable. The same
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method can be used to position any chipped or
broken teeth so that they will not interfere with
the operation of the unit.
Inspect the electric motor for damage to wind­

ings, for dirt, and for mechanical trouble.
Clean all parts thoroughly before reassembly.
Place kingpin upper and lower bearing cups in

housing.
Place coat of Permatex on kingpin base. Install

ring gear on base. Replace capscrews. Tapered
collars fit on flat head capscrews. They are to be
installed five on each side of the trunnion shaft,
and alternated with the tapered head capscrews.



Torque tapered head capscrews to 540 ft. Ibs. and
the flat head capscrews to 360 ft. Ibs. Install lock­
wires.
To install seal ring, clean rim of ring gear with

naptha and apply a coat of "rubber to metal"
cement to the ring gear and the seal ring. Let dry
until tacky. Press the seal ring onto the ring gear
and let dry over night. under pressure.

Replace spacer and lower bearing cone over
kingpin.

Grease gear rim before assembling housing onto
it to lubricate rubber seal ring.

Place housing in position over kingpin.
Place oil seal and upper bearing cone in top of

the housing. Lip of seal should be toward top of
housing.
Replace bearing retainer nut and adjust. Install

locking setscrew.
Place the cam shaft in the threaded hole in top

of kingpin and tighten jam nut. Replace the switch
support plate, set limit switches in position and
fasten to kingpin housing with capscrews and
lockwashers. (Position of limit switches can be
adjusted after machine is in operating condition
and degree of turn can be checked.) See below
for limit switch adjustment.
Install motor and gear box on housing. Secure

with mounting capscrews, setscrews and hold
down bars.
Connect all wiring to the limit switches. Re­

place gasket and cover plate on top of kingpin
housing and secure with capscrews.

Install sponge neoprene oil seals into slots in
trunnion sockets and caps. Replace insert bush­
ings in trunnion sockets and caps. The bushings
must fit without any rocking motion. (Fig. I-IO.)

Hoist trunnion assembly onto machine and fit

FIGURE 1-10. SOCKETAND BUSHING
1. Oil Seal Slat 2. Bushing

caps over balls and sockets. Tighten the corner
capscrews uniformly with 50 ft. lbs. torque and
equalize the gap between socket and cap.

Measure this gap with feeler gauge and note.
Do this on both front and rear caps and sockets.
Add 0.010" to the gap reading between the front
socket and cap. This is the correct amount of shims
for the front socket and cap. Repeat this procedure
for the rear socket and cap.

Remove capscrews, cap and top bushings. Raise
trunnion assembly and coat balls with #250 E.P.
gear oil.
Lower trunnion assembly, install correct shims

(as determined above) replace top bushings in
caps and install caps.

Replace capscrews and torque to 580 ft. Ibs.
Install lockwires.
To check this adjustment. tilt the steering as­

sembly to one side, place dial indicator near ball,
raise steering assembly with jack, indicator read­
ing should be from 0.005" to 0.010" on each ball.

Adiustment
Remove the cover plate and gasket from the top

of the kingpin housing.
Loosen the capscrews clamping the limit

switches to the switch support plate. See Fig. 1-11.
Operate steering motor until nose of machine is

at an approximate angle of 90 degrees (right or
left) with the rear unit. If the nose of the machine
was moved to the left, move the left limit switch
until the switch button is against the cam. Switch
must make a definite "clicking" sound, but not
bottom completely.

Tighten clamping screws. Repeat the procedure,
with the nose of the Tournapull in the opposite di­
rection, for the other limit switch.

Replace cover plate and gasket. secure with
capscrews and lockwashers.

FIGURE 1-11. ADJUSTING LIMIT SWITCHES
1. limit Switch 2. Support Plate 3. Clamp Plate 4. Capscrews
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STEERING WHEEL AND SWITCH BOX

Removal and Disassembly
STEERING WHEEL
Remove nut and washer securing steering

wheel to upper steering shaft. Pull steering wheel
and hub from shaft. Remove key from steering
wheel shaft.

Remove capscrews and lockwashers fastening
bearing retainer to steering column.

Pull bearing and retainer.
Pull steering shaft from universal coupling and

steering column. Do not lose key from inside
universal.
Remove cotter and pin from the clevis on link­

age from steering shaft to switch box at the switch
box. (Fig. 1-12,)
Remove cotter and castellated nut from end of

lower steering shaft.
Remove linkage lever and spacer from lower

steering shaft. Pry key from keyway in shaft.
Remove capscrews and lockwashers securing

the bearing retainer and shims to the mounting
frame.

Pull bearing retainer and shims from mount.
Pull shaft from mounting frame and universal.

Do not lose key.
Mounting frame may be removed by removing

the capscrews fastening it to the cockpit firewall.

SWITCH BOX
Remove cover from steering switch box. Dis­

connect electric cables t~ the switches (mark to
facilitate reassembly), loosen cable clamps on
bottom of box and remove cables.
Remove capscrews, lockwashers and nuts fast­

ening switch box to cockpit. Lift off switch box
and place on bench for further disassembly.

Disconnect control leads to the small control

FIGURE 1-12. STEERING LINKAGE
1. Steering Shaft 3. Linkage
2. Mounting Frame 4. Switch Box

5. Bearing

switches. Remove the capscrews, flat washers,
and lockwashers fastening each control switch
mounting bracket and insulator to the switch box.
Remove switches, mounting plate and insulator.

Disconnect jumper wires between the two main
contactor switches. Disconnect leads to the con­
tactor switch holding coils.

Remove the four capscrews securing the con­
tactor switch to the mounting blocks in the switch
box. Remove the switch. Repeat this operation for
the other contactor switch (Fig. 1-15), Refer to sec­
tion 'T' for disassembly of main contactor
switches.
Remove nut and lockwasher from pivot pin on

switch box. Push pin from hole in cover to relieve
spring tension on cam.
Drive roll pin from cam and pivot shaft. Re­

move cam from shaft. Remove bearing retainer

FIGURE 1-13. STEERING WHEEL AND SHAFT
1. Nut 4. Capscrew 7. Key 10. Universal 13. Shim 16. Coller
2. Washer 5. lockwasher 8. Upper Shaft 11. lower Shaft 14. Spacer 17. Nut
3. Wheel 6. Bearing 9. Bushing 12. Mounting Frame 15. lever 18. Linkage
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capscrews and remove retainer (two piece) and
bearing.
Back large hex nut from pivot shaft. Remove

spacer.
From opposite end of pivot shaft remove cotter

nut and lever from pivot shaft. Remove capscrews
securing the bearing retainer to the switch box.

FIGURE1-14. STEERINGSWITCH BOX
1. Control Switch 3. Main Switch
2. Mounting Bracket 4. Pivot Pin

5. Cam
6. Spring

Remove outer retainer. Pull bearing from shaft and
remove inner retainer and spacer.
Lift pivot shaft and cams from switch box. Re­

move cams from shaft. Cams are keyed to shoul­
ders on shaft, do not lose keys.
Remove nuts from compression spring bolts. Re­

move springs and bolts from spring tubes.

FIGURE 1-15. REMOVING MAIN SWITCH
1. Main Switch 2. Leads 3. Bearing Retainer

Reassembly
SWITCH BOX
Replace compression springs and bolts into

spring tubes. Secure with nuts and lockwashers.
Compress springs sufficiently to allow replacing
cam.
Replace keys in keyways in pivot shaft. Slide

cams onto shoulders on pivot shaft until slot in
cam engages key and cam is against shoulder.
Replace pivot shaft and cams into switch box

and threaded end of shaft through the hole in the
rear of the box.

Slide spacer over threaded end of shaft and
replace inner bearing retainer, bearing and outer
retainer. Replace retainer capscrews and lock­
washers.

Move to opposite end of pivot shaft and replace
spacer and hex nut. Tighten nut.
Replace inner bearing retainer, bearing and

outer bearing retainer. Secure to switch box with
capscrews and lockwashers.
Position cam on pivot shaft. Align hole in cam

with hole in pivot shaft, insert roll pin. (The high­
est part of the small cam must be pointing the
same direction as the highest part of the large
cam.)
At opposite end of shaft replace key into key­

way on pivot shaft and slide adaptor into place on
shaft. Secure with castellated nut and cotter. Re-

FIGURE 1-16. REMOVING ROLL PIN
1. Cam 2. Pivot Shaft 3. Roll Pin

place pivot pin in cover and replace nut and lock­
washer. Install spring on pivot pin.
Replace contact or main switch into box, engag­

ing studs on switch with slots in large cams, and
secure with capscrews.
Reconnect leads to holding coil and jumper

wires between the main switch terminals.
Position control switches, mounting brackets

and insulators on switch box. Replace flat washer,
lockwasher and caps crew but do not tighten.
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Adiustment
Rotate pivot shaft until cam has rotated in an

arc of approximately 90 degrees to the right. Slide
right control switch in the desired direction until
the cam pushes the striker plate against the
switch plunger and the switch makes a definite
"ticking" sound. (Do not bottom switch complete­
ly.) Tighten mounting capscrews. Rotate pivot
shaft to the left and repeat the same procedure
with the left control switch.
Cam stops are located in the switch box so that

they will stop the rotation of the large rear cam.
To adjust the stops, first loosen the jam nuts.
Rotate the steering wheel to the right until the

small cam actuates the small control switch. Con­
tinue to rotate steering wheel until the large cam
mechanically closes the main switch. Turn right
adjusting screw in desired direction until head of
screw is against the raised shoulder of large cam.
Tighten jam nut. (See Fig. 1-17.) Move to other
side of switch box and repeat the same procedure
with the left adjusting screw while turning the
wheel to the left.
Adjust the compression springs so that when

the wheel is turned and the small control switch

STEERING WHEEL
Replace switch box on cockpit wall and secure

with capscrews, lockwashers and nuts. Reconnect
all wires to the switch terminals.
Insert upper steering wheel shaft into steering

column. Replace retainer and bearing on shaft.
Replace capscrews and lockwashers fastening re­
tainer to steering column. Install key into keyway
on shaft and replace steering wheel and hub,
aligning key on shaft with keyway in hub. Secure
with flat washer and nut.
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Replace key and universal on steering shaft.
Insert key in keyway on lower steering shaft and
position through mounting frame into universal
joint.
Position bearing, shim and retainer on shaft,

secure to mounting frame with capscrews and
lockwashers.
Replace spacer onto shaft. Install key into key­

way and replace linkage lever. Secure with cas­
tellated nut and cotter.
Reconnect linkage to switch box.

FIGURE1-17. ADJUSTING CAM SHAn
1. JamNut 2. Adjusting Screw 3. Cam

is closed the head of the spring bolt is against the
plate on the actuating cam. These springs help
to prevent over steering by offering resistance to
turning the steering wheel too far and by return­
ing the steering wheel to the neutral position
when released. Yet this spring pressure can be
overcome to allow the steering switches to be me­
chanicallyoperated.
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ELECTRIC MOTOR, GEAR BOXES, AND SWITCHES

ELECTRIC MOTOR

Removal
Position the component operated by the motor

so there will be no movement when the braking
action of the motor is removed.
Remove the capscrews securing the motor cover

to the stator (Fig. J-2l. Removemotor cover.
Disconnect all wires leading to the motor ter­

minal strips and mark for easy reconnection.
Before separating motor and gear box, remove

drain ..plug and drain lubricant from gear box.
Place sling around motor. Enough tension must

be maintained to prevent mounting capscrews
from binding as they are removed. Remove the
mounting capscrews.
Pull motor straight away from gear box until

motor pinion clears the gear box core. Take care
not to damage the oil seal in the gear box bore, if

The a.c. electric motors used on LeTourneau­
Westinghouse equipment are induction motors, all
of the three phase, 120cycle, high slip type. These
motors have been designed especially to handle
the various operations peculiar to the equipment
on which they are used.
These motors are instantly reversible in opera­

tion. Each direction of rotation is controlled by a
separate main switch, which in turn are controlled
by a single control switch in the cockpit. Direction
of rotation may be reversed by reversing two of
the three main leads to the motor. This reversal is
made in the wiring of the main switches.

FIGURE J-l. A.C. MOTOR AND GEAR BOX
1. Molar Brake 2. Brake Coils 3. Molar SIalar 4. Gear Box

The electric motors are made up of the following
major assemblies.
Stator-the outside or stationary member which

is bolted to the gear reduction box.
Rotor-the inner or rotating member, which is

attached to the pinion shaft and drives the gears
in the gear reduction box.

J-2

Brake-a spring loaded, disc type, electro-mag­
netic unit which is automatically released when
the electric motor is operated.
Each motor is equipped with an electrically op­

erated disc brake. This brake is held in the en­
gaged position by strong coil springs when the
motor is not operating. It is disengaged automatic­
ally by the electromagnets which are energized as
the electric motor is operated. The instant the flow
of current to the motor is shut off, the electromag­
nets are de-energized and the brake springs re­
engage the brake.
The motor brake is simple in construction and

includes the following assemblies.
Adjusting Ring - an externally threaded ring

which is used to adjust the motor brake air gap
(between the end bell and floating platel. A clock­
wise turn decreases the air gap and a counter­
clockwise turn increases the air gap.
Brake Discs (two types)-steel discs, or station­

ary plates held in position by three brake studs,
and internally splined friction discs. Spring pres­
sure forces the discs together until released by
action of the electromagnets.
Coils-six electromagnetic coils pull the brake

into the released position when energized by the
current which at the same time flows to the motor.
Springs-powerful coil springs which force the

brake discs together braking the motor. The brake
springs are manufactured with several different
compression ratings. The brakes supporting the
heavier loads are equipped with springs having
higher compression ratings.

FIGURE J-2. MOTOR AND GEAR BOX, MOUNTED
1. Caver 2. Malar 3. Gear Box 4. Mounling Capscrews



equipped, or the motor pinion.
Place on bench for further disassembly. Cover

opening in gear box to prevent entrance of for­
eign material.

To remove steering motor, remove motor cover
and disconnect the motor leads at the motor ter­
minal strip. (See section "I".)

Remove capscrews and lockwashers securing
the motor stator to gear box.

Attach hoist to motor and lift straight up to pre­
vent damage to the motor rotor shaft.

Care should be taken when placing motor on
floor or work bench to prevent damage to rotor
shaft.

Disassembly
Remove the end bell capscrews, disconnect the

brake coil leads at the terminal strip, and using
sling or chain hoist. lift brake assembly, end bell
and rotor as a unit from the stator (Fig. J-3)'
Remove cotter from brake hub nut and loosen

nut.

FIGURE J-3. ROTOR AND BRAKE REMOVED
1. Brake 2. EndBell 3. Rotor 4. Stator

FIGURE J-4. REMOVING BRAKE PLATE AND DISCS
1. Discs 2. Stud 3. BrakePlate

Loosen the nut on the lock bolt which locks the
adjusting plate in position and remove the adjust­
ing plate.
Remove the three stud nuts and lockwashers,

then the brake plate, stationary plates and brake
discs (Fig. J-4)'
Remove the brake hub locking nut, brake hub,

FIGURE J-S. REMOVING BRAKE HUB LOCKNUT
1. Floating Plate 3. locknut 5. CoverBand
2. BrakeHub 4. Spring

floating plate and coil springs (Figs. J-5 & J-6)'
Remove the bearing retainer capscrews and lift

off the end bell from rotor.
Removecover band fromaround the brake coils.
If coils are damaged, or should for some reason

need to be removed, remove hold down screws
clamping the coils to the top end bell and remove
the brake coils. See Fig. J-7.
Remove the bearing retainer locknut. The lock­

nut may be locked in position by a pin inserted in
a hole drilled parallel to the rotor shaft, half in
the nut and half in the rotor shaft. On later ma-

FIGURE J-6. HUB AND FLOATING PLATE, REMOVED
I. RotorShaft
2. Floating Plate

3. Hub
4. Spring

5. BrokeCoil
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output shaft. Pull drum free of shaft.
Fasten a rope sling about the motor and gear

box before removing the gear box mounting cap­
screws. Remove capscrews. Pull motor and gear
box straight away from mounting to prevent dam­
aging oil seal or output shaft.

Separate motor and gear box (refer to page J-2)'
The steering motor gear box may be removed in

the following manner.
First remove motor cover. Disconnect all leads

from the electric motor terminal strip and release

cable from cable clamp on the motor stator.
Remove nuts securing the hold down bars on the

front and rear of the gear box and remove bars.
Loosen the setscrews (two on each side) at the

base of the gear box.
Remove the four mounting capscrews securing

the gear box to the steering trunnion assembly.
Attach hoist to the motor and gear box and lift
straight up, taking care not to damage the gear
box output pinion and oil seal.

Separate motor and gear box.

No.2 GEAR BOX
Disassembly

Remove the five capscrews, lockwashers and
nuts securing the face plate to the gear box case.
Remove face plate and gasket. Note the bear­

ings in face plate (Fig. J-9)' Use puller to remove
bearings. Remove rotor shaft, oil seal and bearing
at the same time.
Drive out roll pins (if so equipped) and remove

the capscrews securing the output shaft bearing
retainer to the gear box and remove the retainer
and gasket (Fig. J-10), <Bearing retainer may be
equipped with an "0" ring.)
Remove setscrews from first and second reduc­

tion gear bearing caps. Use special wrench pro-

FIGURE J-9. FACE PLATE, REMOVED
1. Bearing 2. Face Plate 3. Output Shaft Bearing

FIGURE J-10. BEARING RETAINER
1. Roll Pin 2. Capscrew 3. Retainer 4. Case

vided with machine to remove gear bearing caps
(Fig. J-lll. Remove locking setscrews from lock­
nuts and remove locknuts (Fig. J-12)'
Pull first and second reduction gears from the

gear box case. Remove locking setscrew from out­
put shaft locknut and remove locknut. Removeout­
er bearing cones and bearing cups from the bores
in the case and press bearing cones from shafts.
Drive out the output shaft, using a soft hammer.

Outer roller bearing will come out with the shaft.
Press bearing and oil seal from shaft and remove
locking ring.
Removeoutput gear fromcase.

FIGURE J-ll. REMOVING BEARING CAP
1. Wrench 2. Bearing Cap 3. LockNut

FIGURE J-12. LOCKNUTS AND SETSCREWS IN POSITION
1. Setscrews 2. Locknuts
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Reassembly
Carefully check all gear teeth for damage.

Wash and check all bearings and replace those
damaged. Clean gear box and all parts before
reassembling.
Check oil seals for dryness, hardness, or exces­

sive wear. Replace if damaged or if condition of
seal is such that it will leak.
Bearings may be heated to 2S00 F. in oil to fa­

cilitate reassembly.
Install tapered roller bearing on output shaft.

Press oil seal into retainer. Install bearing and oil
seal in face plate.
Install shaft into case by pressing bearing into

large bore in case. Position output gear over the
splines on shaft, thread locknut on shaft and
tighten with 2000 ft. lbs. torque. Install locking
setscrew in face of gear and between splines on
the locknut.
Press bearings into blind bores in the face plate.
Press bearing cones on lst and 2nd reduction

gear shafts. Press bearing cup into bores in case.
Install 2nd reduction gear, then lst reduction gear.
Slide spacers on gear hubs, install the bearing

cones, thread bearing locknuts onto gear hubs
and tighten locknuts. Tighten lst reduction gear
locknut with 100 ft. lbs. torque and 2nd reduction
gear locknut with 200 ft. lbs. torque.
Position the face plate on the case, inserting the

FIGURE J-13. GEAR BOX REDUCTION GEARS
1. First Reduction Gear
2. Second Reduction Gear

3. Output Shaft
4. Output Gear

5. Locknut
6. Setscrew

gasket between the face plate and the case, and
secure with capscrews, lockwashers and nuts.
Install and tighten bearing retainer plugs in

bores in case. Install bearing retainer, seal and
gasket. Secure with capscrews and copper wash-
ers.
Secure motor to gear box. Fill gear box with the

required amount and type of lubricant and install
on machine. Refer to Section "K" for lubrication
instructions.

No.3 GEAR BOX
Disassembly

Remove capscrews and washers securing the
face plate to the case and remove the face plate
and gasket (Fig. J-14)' The bearings in the face
plate must be removed with an expansion puller.
Drive out roll pins and remove capscrews secur­

ing the output shaft bearing retainer to the case.

FIGURE J-14. GEAR BOX FACEPLATE
1. Capscrew 3. Bearing
2. Oil Seal 4. Gasket

5. Faceplate

J-6

Remove the retainer, gasket and oil seal (Fig.
J-IS)' Remove "0" ring from inside retainer (if so
equipped).
Removethe two bearing retainer plugs exposing

the locknuts on the 1st and 2nd reduction gear
shafts (Fig. J-16)' Remove "0" rings from inside
locknut bore.

FIGURE J-1S. BEARING RETAINER PLUGS
1. Plug
2. Oil Seal

3. Pinion
4. Retainer

5. Copserew
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No.6 GEAR UNIT
Disassembly

Remove the cover plate and gasket from back
of gear unit case.
Removethe setscrew locking the gear unit axle

bearing retainer cap in position. Using the special
wrench, adaptor and handle provided with the
machine remove the retainer cap (Fig. J-19),
Removethe cotter fromaxle nut. Blockthe drive

gear inside the case to prevent its turning, and
remove the axle nut (Fig. J-20)'
Insert a pry bar between the drive gear and the

case wall and work the gear back and forth on
the axle. Rotate the gear and repeat until the
tapered sleeve has been loosened and forced from
its seat on the axle.
Using a block of wood or other soft material

which will not damage the axle, drive against the
axle fromthe motor side of the gear unit until wire
rope drum and axle have been freed of the gear

FIGURE J-19. RETAINERCAP REMOVED
1. Axle 2. Locknut 3. Bearing

FIGURE J-20. REMOVING LOCKNUT
1. Axle 2. Locknut 3. Wrench

FIGURE J-21. REMOVING AXLE
1. Case 3. Retainer
2. Drive Gear 4. Oil Seal

5. Axle

case. Keep the tapered sleeve from wedging into
the gear again as the axle is removed. Blockunder
the gear to prevent it dropping to the bottom of
the case as the axle and wire rope drum are with­
drawn (Fig. J-21)'
Remove outer bearing retainer. Loosen the cap­
screw which locks the bearing race into place in
the bore and remove the oil seaL outer roller bear­
ing, bearing race and bearing retainer.
Remove the inner ball bearing and the tapered

sleeve. Roll the drive gear fromthe opening at the
rear of the gear unit case.
Removethe pinion bearing cap and gasket from

side of case and remove roller bearing and outer
bearing race.

FIGURE J-22. AXLE REPLACED
1. Axle 2. Tapered Collar

Reassembly
Inspect the oil seals. Make certain they have

not become hardened, checked, or cracked and
that the sealing surface has not become worn or
damaged by abrasive action fromexternal sources,

J-8

such as dust or sand.
Check bearings for serviceability. Replace bear­

ings which have been pitted, or excessively worn.
Bearing cones may be heated in oil to 2500 F.



to facilitate reassembly.
Inspect gear and shaft structure. If there are .

indications of gear tooth failure, chipping, check­
ing or cracking, replace the gear. Inspect the
threads for cracks, cross threading or excessive
wear and distortion.
Install pinion bearing, and outer race in case.

Replace gasket and bearing cap.
Replace outer bearing retainer, bearing race

and bearing. Lock race in position with special
capscrew. There is a hole in the race which must
be aligned with capscrew hole in hub before the

capscrew is inserted and tightened. Replace inner
ball bearing.
Install oil seal. Roll gear into case and insert

axle into case bore. through gear, collar and ball
bearing (Fig. J-22). Thread axle nut on oxle and
torque to 8000 ft. lbs, Install and lock cotter.
Replace bearing retainer cap and torque to 200

ft. lbs,
Replace unit on machine. Fill gear unit with the

required amount and type of lubricant. Refer to
section "K" for lubrication instruction.

SWITCHES
Fingertip Control Switch

The main switches which operate the a.c. elec­
tric motors are remote controlled by fingertip op­
erated control switches. These switches are mount­
ed in the cockpit.
Each fingertip control has two individual

switches mounted to a single frame. The switches
are operated by the lever arm which protrudes

through the control panel.
A fingertip control switch in the released posi­

tion does not have current flowing through it.
When a switch is closed, the control circuit ener­
gizing holding coil of the corresponding main
switch is closed. The main switch then closes and
the a.c. motor will operate.

Heat Control Switch
The control circuit also includes a heat control

switch. This switch is actuated by temperature
changes in the motor. This safety switch has an
element constructed of two metals having differ­
ent rates of expansion and contraction. When sub­
jected to an increased temperature, the metals
expand and "bow up" away from the contact
points, opening the motor control circuit and stop­
ping the a.c. motor. When motor has cooled suffi­
ciently, the switch will again close the control

FIGURE J-23. FINGERTIP CONTROL SWITCH

circuit.
This is true of all motors except the steering

motor. On the steering motor the heat switch is
connected with a warning light on the instrument
panel. This light remains on at all times unless
the temperature of the steering motor exceeds the
safe operating range. When the temperature ex­
ceeds the safe operating range the metals bow up
and open the circuit to the warning light, causing
the light to go off.

FIGURE J-24. HEAT CONTROL SWITCH

Limit Switch
The control circuit also includes the limit

switches. Both the heat control switch and the
limit switches are safety devices which prevent

damage to the machine from improper operation.
The limit switch is operated by action of a stop

plate against an actuator arm. The action of the

J-9
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tact, rotate 90 degrees and remove. Stationary points
can be removed by removing the screw securing it
to the base and liftingout point.
Remove the capscrews and lockwashers secur­

ing coil and magnet structure to mounting bracket
on contactor base and lift coil and magnet from
bracket. Remove screw, lockwashers and nut se­
curing coil to magnet and separate the two units
(Fig. J-28)'
Press down on arm structure and remove key

(Fig. J-29)' Lift out the arm and remove arm sup­
port spring (Fig. J-30).
Remove the two screws and lockwashers secur­

ing contactor base to contactor base plate and lift
off contactor base. Remove stationary contactor
points, terminal bars and spacers from contactor
base.

FIGUREJ-29. REMOVING KEY
1. Key 2. Base 3. Arm

REASSEMBLY
Replace terminal strips, arc snuffers and sta­

tionary contactor points in contactor base.
Position contactor base on base plate and se­

cure with capscrews.
Place arm support spring on stud on contactor

base and replace arm structure over spring.
Replace key holding arm structure to contactor

base.
Reassemble coil to magnet structure and replace

in bracket on arm structure. Replace moving con­
tact points, holders and springs. Complete reas­
sembly and installation of unit. Refer to section
"K" for adjustment of switch points.

FIGUREJ-30. BAR MAGNET AND ARM REMOVED
1. Base 2. Spring

D.C.Field Breaker Switch
REMOVAL AND DISASSEMBLY
Disconnect wires from switch terminals and pull

cables from grommets in switch box. Remove cap­
screws, washers and nuts fastening switch box to
Tournapull case. Lift switch box from machine.

FIGUREJ-31. MAIN SWITCH ASSEMBLY
1. Moving Paint 3. Arm
2. Interlock Switch 4. Magnet

5. Coil
6. Base Plate

Disconnect capacitor leads from switch. Remove
the four capscrews, washers and nuts fastening
the switch assembly to the switch box. Place
switch on bench for further disassembly.
Remove two screws and washers holding arc

snuffer in position and remove from switch.
NOTE: For point replacement only, the moving

points can be removed by liftingup on moving con­
tact, rotate 90 degrees and remove fromholder. Sta­
tionary points can be removed by removing the
screw securing it to the contactor base.
Disconnect leads from holding coil terminals.

Remove the three slotted head machine screws
and washers fastening the magnet and coil to the
magnet and bracket assembIy. Lift magnet and
coil frommagnet and bracket (Fig. J-32>.
Remove the two large slotted head machine

screws that fasten the point arm to the magnet
bracket. Separate arm and bracket.
With screw driver press down and out on the

spring support until it can be removed (Fig. J-33>'
Exercise caution as spring and spring support may

J-Il



FIGURE J-32. MAGNET AND COIL, REMOVED
1. Magnet 3. Clips 5. Capscrews
2. Coil 4. Arm

fly OUt.Spread spring clips on base plate and lift
bottom end of magnet and bracket and remove
from base plate (Fig. J-34).
Contactor base may be removed frombase plate

by removing the two machine screws and washers
securing the parts together (Fig. J-35)' Terminal
bars may now be removed.
Removescrews securing interlock switch to con­

tactor base. Interlock switch is replaceable as a
unit only.

REASSEMBLY
Replace terminal bars, stationary points and

interlock switch on contactor base. Position con­
tactor base onto base plate and secure with ma­
chine screws and washers. Be sure to place rubber
insulators under interlock switch mounting screws.
Place magnet bracket onto base plate and se­

cure with spring and spring plate. Spring and
plate must be positioned as shown in Fig. J-33.
Replace arm onto magnet bracket and secure

with screws and washers. Turn down spring clips
and replace coil and magnet onto magnet and
bracket. Secure with screws and washers.
Reconnect leads to holding coil. Replace mov­

ing points, if removed, and complete reassembly
of unit.
Refer to section "K" for switch point adjustment.

J-12

FIGURE J-33. REMOVING SPRING
1. Magnet 2. Spring Support 3. Spring 4. Clips

\
FIGURE J-34. REMOVING LOWER MAGNET

1. Magnet 2. Clips

FIGURE J-35. REMOVING CONTACTOR BASE
1. Contaclor Base
2. Insulating Sheet

3. Base Plate
4. Interlock Switch

5. Insulator
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MAINTENANCE AND LUBRICATION
Proper maintenance, lubrication and lubricants

are essential for successful operation with a mini­
mum of unproductive down time.
Use care in lubricating the machine. Use only

the recommended lubricants obtained froma repu­
table supplier.
Clean all grease fittings and filler plugs before

lubricating. Any foreign material in the fittings or
plugs may be forced into the machine and cause
faster wearing of the moving parts.
Do not over lubricate. Toomuch lubricant may

rupture the oil seals and permit the lubricant to
leak out and allow the entrance of harmful abra­
sives.
The lubrication intervals are broken down into

hours of operation. The intervals may vary some­
what, depending upon climate and working condi­
tions.
Extreme Pressure <E.P.)gear oils specified must

meet U.S. Army Specification MIL-L-210s,engine
oils must meet U.S. Army Specification MIL-L-
2l04A.

MAINTENANCE
A.C. Generator

Inspect the generator at 500 hour intervals for
any large accumulation of oil and dirt on the
stator. Any excessive amount of waste material
will prevent proper cooling of the generator. Make
sure that drains in the bottom of the engine com­
partment are open and the waste materials are
draining away. The drains sometimes plug up
with mud and allow the dirt and water to build up
to the level of the generator stator.
Inspect the stator windings. Remove accumula­

tion of grease and dirt with a low pressure siphon
hose and a cleaning fluid, such as carbon tetra-

chloride. After the windings have been washed
down with the cleaning fluid, blow off the surplus
with air.
Make sure the leads connected to the transform­

er and generator terminals are tight. Remove any
accumulation of grease or dirt found on the ter­
minal strips with cleaning fluid.
The generator brushes should be inspected for

wear whenever the generator is disassembled.
The brushes are 3fa1l thick when new and should
be discarded and replaced when one half of the
brush has worn away.

A.C. Motor
Every 1000hours remove motor cover and blow

the dust and dirt from around the windings, rotor
and brake assembly with an air hose.
Inspect all electrical connections every 100

hours, making sure they are all tight and free from
grease and dirt.
Check brake clearance every 100 hours. Exces-

FIGURE K-l. CHECKING BRAKE CLEARANCE
1. Floating Plate 2. End Bell J. Feeler Gcf.ge

K-2

sive clearance at the brake magnets will cause
improper brake release, over-heating of the motor,
and warping of the brake plates thus causing them
to wear out prematurely. Insufficient brake clear­
ance will also prevent proper brake release.
Adjust the brake as follows: Loosen the nut on

the tapered bolt locking the adjusting plate in

FIGURE K-2. ADJUSTING MOTOR BRAKE
1. Locknut 2. Adjusting Ring J. Bar



position. Tap bolt down lightly to release bolt and
relieve tension on adjusting plate.
Insert special adj usting tool over lugs or insert

a beir between the adjusting lugs on the adjusting
ring and turn either clockwise or counter-clock­
wise until the air space between the floating plate

and the end bell is 1/16/1 for double disc brakes.
Clockwise rotation decreases the space and coun­
ter-clockwise rotation increases the space.
After the proper adjustment is obtained, tighten

the nut on the end of the tapered bolt, locking the
ring in position.

Air Brakes
Correct any defect in the air lines which may

retard the flow of air to the brakes, such as com­
pressed, broken or clogged lines.
In extremely cold weather, moisture in the air

lines may freeze and impede the flow of air. Add
alcohol to the air system to absorb the moisture
and help to eliminate this condition (I pint each
day to the air tank).

Air Cleaners
OIL BATH TYPE
Daily inspection is necessary to determine the

amount of maintenance to be given to the air
cleaner.
The wire screen condensing element will need

very little attention if the correct oil level is main­
tained, using the proper oil. However, the bottom
of the screen element should be inspected when­
ever the air cleaner is serviced. Any accumulation
of dirt or straw should be removed. The heavy
duty oil bath air cleaner is provided with a re­
movable section in the lower portion of the ele­
ment. When service of the element is required this
removable piece can be taken out, washed in a
cleaning fluid, dried and replaced.
A push up, slight turn to the left, and a down­

ward pull will remove the prefilter element.
The inlet tube requires periodic attention, since

an accumulation of dirt will restrict the flow of air
through the filter and to the engine. Cleaning is
best accomplished by pushing a rag on a stick
through the inlet tube.
The entire air cleaner should be removed from

its mounting and the wire screen condensing ele­
ment washed thoroughly in cleaning solvent or
steam cleaned at least once each season-more
often if dust conditions are severe.
Loose connections between the air cleaners and

the engine will allow dust to enter the cylinders.
Vibration may loosen these connections. Check
them frequently and keep air tight.

FIGURE K-3. AIR CLEANERS
1. Oil Bath 3. Cover and Gasket
2. Dry Type 4. Oil Cup

DRY TYPE
Every 50 hours remove capscrews securing end

cover and gasket to the cleaner housing. Remove
filter element.
Use clean, dry, low pressure air to blow the ac­

cumulated dirt from the element. Apply the air to
the outlet side so that the flow of air through the
element is the reverse of normal. NEVERuse a
liquid for cleaning the element.
Every 500 hours replace the filter element.

When replacing element, make sure cover and
gasket are tightened securely to make a dust tight
seal.

Air Compressor
Water lines connect the two openings in the

compressor water jacket to the water circulating
system of the engine. The lower opening is con­
nected to the pressure side of the engine cooling
system and the upper opening to the suction side.
Both connections should be checked for leaks and

tightened periodically. During cold weather, com­
pressor jacket should also be drained whenever
the engine is drained. Anti-freeze will protect the
compressor to the same extent as the engine (See
page K-IOl.
Keep the air inlet fittings tight. Check the,
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Air Line Cleaner ami Strainer
STRAINER
Drcdn strainer body every 10 hours: Replace

element every 500 hours. To change ~l~thent, re­
move capscre'ws and lockwashers securinq cover
to body. Remove.coverand gasket. Removestrain­
er support.cmdalement frombody.

FIGURE K-4. AIR COMPRESSOR
1. Cylinder Block Drain Cock

blanking cover and gasket covering the air inlet
opening or the intake manifold not in use for leaks
and improper installation.
With compressor running, check for noisy op­

eration and oil or water leaks.
Keep the oil lines clean and tight. One line con­

nects the compressor end 'cover with the lubrica-

CLEANER'
brain cleaner body every 100 hours. Replace

element every 500 hours. To change element, un-
1 .

screw cap from body. Remove cap and gasket
carefully so spring will not pop out. Remove
spring, spider and element frombody.

FIGURE K-S. AIR CLEANER;EX~LODtD
1. Plug 3. Cap 5. Spider
2. Gosket 4. Spring 6. Element

7. Body

Batteries
Precautions should be taken to prevent machine

down time caused by dead batteries. Batteries of
one half. oharge ex less cannot be depended upon
to 6upply :adequate current for stcrrtinq and the
voricus- ot~ electrical demands placed upon i(
Therefore, it is .110tonly impercrttve that the bat-
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tion oil distribution cavity on the engine. The oil
in this line is under pressure. Oil which has circu­
lated tlirouqh the compressor lubricating system
drains back into the engine crankcase through a
line fromthe compressor base. '
Fcrilure of the compressor to' maintain: normal

air pressure usually denotes loss of efficiency due
to wear; provided loss is not excessive in the re­
mainder of the system. Another sign of wear is
excessive oil passing. If either of these conditions
develop and inspection shows the remainder of
the system to be in good condition, the compressor
must be repaired or replaced.
Excessive leakage past the discharge valves can

be detected by fully charging the sysfem with air
and then (with engine stopped) listening at the
compressor for the sound of escaping air.
Remove the cover from air strainer opening.

Fully charge the system (compressor unloaded)
and observe for leakage by squirting oil around
the unloader valve stems. If excessive leakage
occurs, the unloader piston seal should be re­
p,~ced.

. .'.~.,
.-

FIGUREK-6. AIR STRAINER
1. Droin 2. Cover 3. Body 4. Element

tery charging circuit be operating properly, put
also that periodic checks be made on the butteries
for proper water level, condition of cables ana
clamps, and cleanliness.
Any withdrawal of current must be balanced by

current input from the battery charging circuit. If



the output should exceed the rate of current input,
this will result in the batteries becoming dis­
charged.
By pi acing insulating shims under the magnetic

flux bridge of the main transformer the output to
the battery charging circuit can be increased. Re­
moving shims will decrease the transformer output
to the battery charging circuit.
Periodic servicing of the batteries will. in most

cases, prevent premature failure. The most impor­
tant of these servicings is the addition of water to
the cells to prevent the electrolyte level from fail­
ing below the tops of the battery plates. Plates
and separators exposed to air will dry out and
become ruined.

Over filling should be avoided as this will
cause a loss of electrolyte. This not only results
in a loss of battery capacity, but over flowing of
the electrolyte on cables and clamps will cause
corrosion and furnish a path for the battery to
discharge.

FIGURE K-7. BATTERIES
1. Battery 2. Hold DownPlate 3. Spacer

When adding water, use only distilled water or
water from local sources approved by the battery
manufacturer. Water having a high mineral con­
tent will greatly shorten the life of the battery.
Add water just prior to operation of the machine

to insure a good mixture between water and elec­
trolyte. The water will stay on top and freeze in
cold weather at about 32° F. unless it is thorough­
ly mixed.

Keep the batteries clean by washing them off
with ammonia or soda solution. Be sure caps are
fastened securely to prevent the solution from en­
tering the cells. When through cleaning, rinse the
tops of the batteries with clear water.

Check battery cables to be sure a good contact
is being made between the clamps and terminals.

Remove any "corrosion which may be present and
apply a coating of terminal grease or petroleum
jelly to the clamps and terminals to retard cor­
rosien. Do hC).tapply grease until clamp is on the
termincrlr. '
The Io'llowinq specific 'gravity readings indicate

the different charge values: ' ,
1.280 Full Charge
1.225 Half Charge
I. ISO , .Dischctrqe

In tropical clir ictes, the full charge should read
between 1.220 and 1.215. The battery charging
circuit should maintain the batteries above 1.155.

Refer to section "L" for instructions on making
temperature corrections when making specific
gravity tests.
,Batteries which are being charged, or have

been recently charged, will have gas at each of
the cells, which is highly explosive. A spark or
flame at this gas will result in an explosion. When
charging of batteries has been completed, remove
the caps and 'b.low air across the cells to dissipat-e
these gases. Do not blow hard enough to splash
the electrolyte.

Use a hydrometer to check the specific gravity
of the batteries at each cell. Hold the tube in a
vertical position with the float suspended in the
electrolyte. The reading should be taken at eye
level (see Fig. K-8l.

:-0
I

FIGURE K-S. CHECKING SPECIFIC GRAVITY
1. Ha!dTubeVertical 2. 'FloatMustBeFree

3. TakeReadingat EyeLevel

A common cause of battery failure is overcharg­
ing: This is usually caused by improper adjust­
ments, defects or faulty operation of the battery
charging circuit.
One of the evidences 01 overchcrqinq is the

swelling of the positive sides of the cell covers.
This is caused by the following; duti-lfg normal
charging action, water in the elef.!trolyte'''"ktcon­
verted to hydrogen and oxygen. This oxygen en-
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tars the positive plate to reconvert the lead sul­
phate into active material. When full charge has
been reached. there remains no lead sulphate to
convert. Should charging continue after this point.
the oxygen will gradually convert the lead in the
positive plate into lead peroxide. This lead re­
quires more room than the original lead. therefore

as it swells it will cause the positive side of the
cell covers to be raised.
Another indication of over charging is the ne­

cessity of frequent additions ofwater.
Under charging is usually indicated by the need

for frequent charging.

Fan Belt Adiustment

Flywheel Clutch
be certain the adjustment is correct. Air chamber
must bottom forward at full clutch release. but
must not bottom on return stroke.
CLUTCH ASSIST AIR VALVE LINKAGE
Adjust clutch linkage clevises at either end of

air valve until the distance between the clutch
pedal arm and the bottom of the cockpit measures
9/16". See Figure K-ll.
CLUTCH RELEASE BEARING

To adjust the fan belts. remove cotter and loos­
en the large castellated nut at the rear of the fan
spindle shaft. See Figure K-9.
Back out the adjusting screw to tighten the

belts. or turn the screw in to loosen the belts. After
proper belt tension has been obtained. tighten the
castellated nut and replace cotter.

FIGURE K-9. FAN BELT ADJUSTMENT
1. Adjusting Nut 3. locknut
2. Fan Belts 4. Fan Hub

CLUTCH ASSIST AIR CHAMBER
With air chamber mounted on transmission. un­

screw clevis far enough to insert pin through clev­
is and hole in clutch release lever arm.
Rotate clutch release lever arm by hand until

the clutch release fingers are just touching the
release bearing. but do not move it.
Measure the distance from the center of the

clevis pin in the lever arm to the face of the trans­
mission end bell.
Apply air pressure to the air chamber so that

the clutch release bearing disengages the clutch.
Measure the distance between the center of the
clevis pin to the face of the transmission end bell
again. Determine travel of the air chamber shaft
by subtracting the second measurement from the
first. The travel should be 15/S". If travel was less.
screw out the clevis until the 15/S" measurement Is.
obtained. If travel was more. screw clevis in to
obtain 15/s". Repeat the measuring procedure to

K-6

The recommended belt tension allows approxi­
mately % II movement downward with normal
thumb pressure.
Both fan belts should be replaced when one or

both of them have become badly worn or stretched
beyond the adjusting limits. Never replace one
belt without replacing the other one.

FIGURE K-10. AIR CHAMBER ADJUSTMENT
1. Air Chamber 3. Pin 5. 1st Measurement
2. Clevis 4. Release lever Arm 6. 2nd Measurement

When the clutch assembly is new. and both the
clutch assembly and pedal linkage are in correct
adjustment. there should be 3/16" clearance be­
tween the clutch release' bearing and each of the
clutch release levers when the clutch pedal is in
the fully released position. Refer to Fig. E-6. This
gap is to insure that the clutch levers will be un­
restricted. and the clutch will be fully engaged at
that time.
As the facings of the clutch plates wear. the

position of the levers. when the clutch is fully en-



FIGURE K-l1. AIR VALVE LINKAGE ADJUSTMENT
1. Clutch Pedal
2. Clevis
3. Air Valve
4. Cockpit Floor Plate

5. 9/16" Distance
6. Peda I Free Play

(13/16"tol%")

gaged, will gradually move back in relation to
the release bearing. The gap between the release
bearing and the release levers will decrease until
eventually the release levers will ride on the re­
lease bearing and cause the clutch to slip.
The 3/16/1 clearance is normally maintained by

moving the release bearing-carrier back by means
of the pedal linkage adjustment. When it is no
longer possible to maintain this clearance, be­
cause the pedal linkage has been adjusted to its
limits, the clearance can be obtained by changing
the relative position of the clutch release levers.
This is done by means of the lever adjusting

nuts. One half turn of the nut will move the end of
the lever approximately 1/8/1. For example, if the
levers were bottomed against the face of the re­
lease bearing, it would require approximately
three fourths of a turn of the nut to obtain the re­
quired 3/16/1.
It is important that all levers be adjusted iden­

tically to obtain correct clutch action, and to pre­
vent abnormal clutch wear.

FIGURE K-12. CLUTCH PEDAL FREEPLAY ADJUSTMENT
1. Cross Shaft
2. Setscrew

3. Jam Nut
4. Adjusting Lever

FREE PEDAL TRAVEL
Screw the setscrew of the clutch release bear­

ing cross shaft adjusting lever into the lever as
far as possible.
Rotate the cross shaft as far as possible in a

clockwise direction so that release bearing has
been moved back as far as possible. Hold it in
this position.
Install the lever on the cross shaft, aligning it

on the shaft splines so that the end of the setscrew
just rests on the lower extension of the pedal lever
arm that is on the cross shaft (Fig. K-12)'
Check the pedal free play. This should be

13/16/1 to Ph/l. (See Fig. K-ll for location of
free play.) If it is considerable less than this, re­
move the adjusting lever and move it one or more
splines counter-clockwise until the pedal clear­
ance is as near to the 1 3/16/1to I1h/l as can be
obtained by this method. Make the final accurate
adjustment by backing out the setscrew in the ad­
justing lever. When correct adjustment has been
obtained, lock setscrew in place with jam nut.
Check clutch air chamber adjustment.

Main Switches
To avoid excessive wear and arcing of the main

switch points, all three points must make contact
at the same time with a maximum of 0.015/1 varia­
tion between any two points. This also means that
the top and bottom portions of each individual
moving contact point must contact the mating sta­
tionary point at the same time, within the 0.015/1
limit.
When installing a new magnet and arm assem­

bly, moving or stationary contact points, or re­
placing a complete main switch assembly, shim­
ming between the arm and the moving contact

holders may be necessory to keep within the spe­
cified limits.
Incorrect angle will cause the top or bottom of

the contact points to engage first. If such is the
case, replacement of the holder will be necessary.
Check the condition of the contactor points for

wear or pitting every 500 hours. Pitted or burned
contactor points tend to reduce or restrict flow of
current to the electric motors.
To avoid rapid burning or pitting of points, the

engine speed should be kept as near high idle as
possible while operating any of the electric mo-
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tors. Check tightness of screws that hold the pow­
er leads to switches, also main power leads com­
ing in on the multiple cable.

Check the hinge bolts and other hardware on
the contact or group. These must not be loose or
binding. Keep excessive dust blown off. If grease
or oil has worked into the assembly, wash with a

solvent such as carbon tetrachloride. Keep the
main switch panel cover securely fastened and in
place at all times.

Check the collector cups and blowout any ac­
cumulation of dust, dirt or other foreign material
every 1000 hours. More often if necessary in dusty
conditions.

WRONG RIGHT

FIGURE K-13. SHIMMING BETWEENARM AND MOVING CONTACT HOLDER
1. Gap 3. Moving Points 5. Magnet and Arm
2. Stationary Points 4. Point Holder 6. Shims

WRONG RIGHT

FIGURE K-14. MOVING CONTACT HOLDERANGLE
1. Stationary Points 3. Holder
2. Moving Points 4. Point Holder Angle

Oil Cooler (GM Engine)
Engine oil coolers should be cleaned periodical­

ly to insure continued efficient cooling of the oil.
The cooler element should be removed for inspec­
tion and cleaned of sludge and hardened oil de­
posits in the oil cooler core; and rust or lime de­
posits in the water coolant area surrounding the
core.

Steam cleaning, under pressure, or immersion
into a solvent may be employed for cleaning those
units which contain a normal accumulation of
sludge and hardened oil; or, the cooler may be re­
moved from the engine unit and immersed into a
vinegar bath consisting of 1 part vinegar to each
15 parts water. The length of time required for the
vinegar to soften the lime and rust deposits will
vary depending upon the established frequency of
cleaning.

K-8

After cleaning, oil coolers must be flushed thor­
oughly to remove all cleaning solvent or vinegar,
and softened deposits. After flushing, all traces of
moisture must be removed from the oil passage
ways of the cooler by heating, before installation
onto the engine.

It is recommended not to attempt cleaning any
oil cooler wherein the history of the usage shows
an engine failure which has released metal parti­
cles from worn or broken parts into the lubricating
oil. In all probability all metal particles could be
flushed out after the unit thoroughly cleaned,
however, a few particles could become lodged in
the cooler, and later loosen and circulate through
the system with the lubricating oil.

Therefore, the chance is too great to toke. con­
sidering the cost of the cooler against the cost of



another tear-down on the engine. In this instance,
recoring of a tube type oil cooler, or replacement

of the core element in a plate type oil cooler is
strongly recommended.

Power Shift Transmission
Check the transmission oil level once each shift.

A cold check (engine not running) is to be done
only to make sure there is sufficient oil in the sys­
tem to make it safe -to start, especially if the ma­
chine has been idle for a long period.
The oil level should be checked with the engine

running at idling speed, with oil at operating tem­
perature and the transmission in neutral. The oil
level cocks are located at the bottom rear of the
transmission (see Fig. K-l5), Oil should be level
with the top oil level check cock. Add oil if neces­
sary so that the level is just even with the lower
oil level check cock, then close the check cock and
add 1112gallons of the proper lubricant.
Change oil every sao hours or oftener if operat­

ing conditions warrant. The oil in the system must
also be changed when the oil shows traces of dirt
or the effects of high operating temperature, evi­
denced by discoloration or a strong odor.

FIGUREK-15. POWER SHIFT TRANSMISSION OIL LEVEL
1. Top Level Cock 2. Lower Level Cock

If the oil shows metal contamination, the system
must be thoroughly drained and cleaned. All the
components of the hydraulic system, transmission,
torque converter assembly, oil lines and passage,
sump, filters, strainers, cooler, valves and pumps
must be thoroughly cleaned. Thismeans disassem­
bly of the components. Metal particles in the oil
are evidence of failure of some part and repair
must be made.

Radiator
The radiator and power shift transmission oil

cooler are connected together, therefore cleaning
the oil cooler is accomplished when the radiator
is cleaned. Apply the following instructions to in-

FIGUREK-16. TRANSMISSION OIL STRAINER
1. Strainer Cover and Gasket 2. Drain Plug

Replace the filter elements every sao hours.
Remove drain plug from filter housing to drain
filters before removing them.
The oil should be warm when draining it from

the hydraulic system. Clean or replace all filters,
screens and strainers. Examine oil for metallic
contamination and evidence of high temperature
operation.
Remove the drain plug from the right hand side

of the sump. Remove the strainer from the sump.
Clean strainer with mineral spirits using a soft
bristle brush.
Remove filter drain plugs and then remove and

replace filter elements.
Install drain plug at the right side of the sump.

Install strainer. Replace filter drain plugs.
Pour 7 or 8 gallons of Hydraulic Transmission

Fluid, Type "C" into the transmission oil filler
hole.
Start engine and let it run at idling speed with

the transmission in neutral range to charge the
hydraulic system. After the engine has been
running at idle speed for two minutes, add enough
Type "C" oil to bring the oil level up to the lower
level cock. Close lower level cock and add 1112
gallons more. This will bring the oil up to the up­
per (or "Full") level cock.

clude the oil cooler.
Drain and flush radiator every three to six

months, depending upon the condition of the cool­
ant and the type and amount of service required
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of the engine. Flush the radiator and the engine
block separately. Flushing water should enter the
radiator at the bottom connection, the reverse of
the regular flow of water. Thermostats must be re­
moved from engine and power shift oil cooler be­
fore flushing engine.

A badly clogged radiator may have to be
cleaned with the aid of a commercial cleaner. Fol­
low the manufacturer's recommendation when us­
ing cleaning solvent. With caution, a solution of
washing soda may be used to remove the grease
and oil. The solutions should be lukewarm before
used, and allowed to stay in the radiator or water
jackets for three to four hours. The effectiveness of

the solution will be increased if the engine is
warm. Drain and thoroughly rinse the engine and
radiator so that no trace of the cleaning solution
remains.
A leaking water pump should be repaired im­

mediately and defective parts replaced. Be sure
all hose connections are tight and that the hoses
themselves are in good condition. Even a slight
leak will be sufficient to pass large quantities of
air, causing a greatly accelerated corrosion
attack.

Do not add rust inhibitor to cooling system con­
taining anti-freeze.

ANTI-FREEZE MIXTURES
Power Shift Trans.Temperature

Degrees Fahrenheit
+20

o
-10
-20
-30
-40

Permanent
17qts.
33 qts.
40 qts.
44 qts.
48 qts.
52qts.

Methanol
16 qts.
28 qts.
32 qts.
37 qts.
42qts.
46 qts.

Step Gear Trans.
Permanent Methanol
14qts. 12qts.
27 qts. 22 qts.
32 qts. 26 qts.
35 qts. 30 qts.
39 qts. 33 qts.
42 qts. 37 qts.

Water Pump Belt Adiustment
To adjust the water pump belt, loosen the cap­

screws and lockwashers in the water pump clamp
ring.
Insert a large screw driver in the hole provided

in the water pump housing. Turn the pump hous­
ing on its eccentric until the proper adjustment is
obtained. Rotating counter-clockwise tightens the
belt, clockwise rotation loosens the belt. See Fig­
ure K-17.
Tighten capscrews in the clamp ring.
The recommended belt tension allows approxi­

mately 3f4 /I movement under normal thumb pres­
sure.
Replace belt when it has stretched beyond ad­

justing limits or is worn or frayed.
FIGURE K-17. WATER PUMP BELT ADJUSTMENT

1. Clamp Ring 2. Screwdriver 3. Water Pump 4. Drive Belt

Wire Rope
Proper care and treatment is very important

and will pay big dividends in way of longer wire
rope life.
The windings of the first layer of a multiple

layer drum is important. It is important to recog­
nize the fact that a properly wound first layer,
upon which subsequent layers may be wound
with uniformity, will result in less abuse to the
rope.
The relation of rope lay must be considered in

relation to the winding on the drum. Using a
right lay rope and underwinding on a smooth face

K-lO

drum, rope must be started from the right flange.
When overwinding a right lay rope, start from the
left flange, as seen from the back of the drum. The
reverse of this is true of left by rope.
A reversal of the procedure outlined above will

cause spaces between the initial wraps of rope in
the first layer. Succeeding layers of rope will be
crowded down into these spaces, nicking the wires
and causing unnecessary crushing and abrasion.
The perfectly wound first layer obtained under

proper winding conditions, results in uniformity in
subsequent layers and longer rope life.



Whenever possible, the drum anchorage should
be positioned as to favor right lay rope, since left
lay rope is not always immediately available from
stock.

This method applies to either regular or lang
lay rope. Listed below are some suggestions that
will help to prolong wire rope life.

Check rope frequently for worn or frayed spots.
Use the recommended sizes of wire rope as the

design of the sheave wheels vary somewhat for
ropes having different diameters.

When installing new rope, make sure the rope
sleeves evenly onto the drum. Do not permit the
rope to criss-cross or stack up on the drum.
Always make sure the sheave wheels and or

rollers are turning free of debris and thai none are

broken, because if either of these are not function­
ing properly, the rope will wear extremely fast.
Replace sheave wheels having badly worn rope

grooves, especially those having a rope lay im­
pression worn into them.
Do not cause rope to become kinked by allow­

ing an excessive amount of slack.
Lubricate at intervals determined by operating

conditions. Use a mixture of crater compound and
petrolatum.
Unless operating in dusty conditions, lubricat­

ing the rope will normally add to its life. Apply
rope dressing as needed. If the dressing is applied
to rope in dusty conditions, dust and grit will ad­
here to the lubricant and become abrasive. This
will greatly accelerate the rope wear.
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LUBRICAliON

1. A.C. Generator Rear Bearing -
Lubricate every shift with high tempera­

ture ball bearing grease. Donot over lubri­
cate. Make certain tube between fitting
and bearing is filled with grease, other­
wise the bearing will not receive lubricant
during the first few lubrication intervals.
One or two shots with a hand gun should
be sufficient.

2. A. C. Electric Motor (Brake end of the
motor only) -
Lubricate every shift with high tempera­

ture ball bearing grease. One shot with a
hand gun should be sufficient. Make cer­
tain tube between fitting and bearing is
filled with grease, otherwise bearing will
not receive lubricant during the first few
lubrication intervals. Do not over lubricate.

3. Air Cleaner (Oil Bath) -
Check oil level every shift. Change oil

every 50 hours or more often if operating
conditions warrant. Use SAE20 in summer
and SAE 10 or lighter in winter. Fill to
level mark on disc. Capacity is approxi­
mately 5 quarts. Every 500 hours clean
filter body with cleaning fluid and blow
dry with compressed air. Refer to page K-3
for service of dry type air cleaner.

4. Ball and Sockets (Steering Trunnion) -
Lubricate once each shift. Use chassis

grease (heavy) for temperatures above
32° F., and chassis grease (medium) for
temperatures below 32° F.

5. Ball and Sockets (Trail units) -
Lubricate once every shift. Use chassis

grease (medium) for temperatures below
32°F.

6. ClutchAirValve -
Lubricate ball type oiler on side of valve

every 100 hours. Use clean engine oil. Two
or three drops should be sufficient. Every
500 hours remove air strainer from side of
valve body-wash in cleaning solvent.
Blowdry with compressed air. Dip in clean
engine oil then shake off excess oil.

7. Clutch Release Linkage and Bearing -
Lubricate once every 100 hours. Use

chassis grease (heavy) for temperatures



above 32° F.. and chassis grease (medi­
um) for temperatures below 32° F. Lubri­
cate through fittings on grease manifold.
Two or three strokes with a hand gun
should be sufficient. Make certain tubes
between fittings and bearings are filled
with grease. otherwise bearings will not
receive lubricant during the first few lubri­
cation intervals. Two or three drops of en­
gine oil at pivot points and joints will al­
low easier operation.

8. Crankcase-
CUMMINS - Check level every shift.

Change oil every 100 hours. Use SAE #30
engine oil for temperatures above 90° F..
SAE #20 engine oil for temperatures from
32° to 90° F.. and SAE # lOW for tempera­
tures below 32° F. Capacity 12 gallons.

GM - Check level every shift. Change
oil every 100 hours. Use SAE # 30 Heavy
Duty engine oil for temperatures above
32° F.. and SAE #20 Heavy Duty engine
oil for temperatures below 32° F. Capacity
9 gallons.

9. Emergency Engine Shut-Down (GM
only) -
Lubricate cable every 100 hours with

light engine oil.

10. Fan Bearing -
CUMMINS- Lubricate every 500 hours

with a good grade short fiber grease. Re­
move plug on fan hub. lubricate through
grease fitting. Replace plug. Do not over
lubricate.
GM-Lubricate every 1000 hours. Use a

high grade short fiber grease. Removeplug
on fan hub. install grease fitting and fill
with hand gun. remove fitting and replace
plug. Do not over lubricate.

11. Fuel Filters -
PUROLATOR-Drain sediment from fil­

ter shell every 100 hours. Replace element
every 200 hours.
AC-Drain sediment from filter shell ev­

ery shift. Change element every 500 hours.
FRAM-Drain sediment from filter shell

every 100 hours. Replace element every
200 hours.

12. Fuel Pump Filter S'creen-
Remove screen from fuel pump every

100 hours. Clean thoroughly in cleaning

I '~
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solvent. Refer to engine manual for pro­
cedure.

13. Gear Boxes-
Check the level of the lubricant every

100 hours. Change lubricant every 1000
hours. Use SAE #90 E.P. gear oil for tem­
peratures above 32° F., and SAE #80 E.P.
gear oil for temperatures below 32° F. Fill
to level plug.

14. Hinge Pins (Crane) -
Lubricate every shift. Use chassis grease

{heavy} for temperatures above 32° F., and
chassis grease {medium} for temperatures
below 32° F.

15. Hook (Crane) -
Lubricate every 100 hours, with wheel

bearing grease {medium}. Fill until a small
amount of old grease is forced out.

16. Linkage-
Where not equipped with a grease fit­

ting, apply one or two drops of engine oil
at each connection or joint every 100
hours.

17. Lube Oil Filters-
NUGENT- Drain sediment from filter

shell and change bag every 100 hours.
LUBER-FINER-Drain sediment from fil­

ter shell every shift. Replace element ev­
ery 100 hours or when crankcase oil is
changed.
AC - Drain sediment from filter shell

and change element every 100 hours.

18. Main Case (Includes Final Drives) -
Check level of lubricant every 100

hours. Change oil every 1000 hours. Use
SAE #90 E.P. gear oil for temperatures
above 32° F., and SAE #80 E.P. gear oil
for temperatures below 32° F. Remove
drain plug fromboth main case and auxili­
ary transmission. Replace plugs and fill to
level plug on rear of case. Capacity is ap­
proximately 70 gallons. When filling pour
1112 gallons into the auxiliary transmission
case.

19. Main Case Breather -
Wash in cleaning fluid and dip in clean

crankcase oil every 100hours.



20. Kingpin Upper Bearing -
Check level of grease at upper bearing

every 500 hours. Repack if the level is be­
low upper bearing, use wheel bearing
grease (medium>.

21. Quick Release Cable Drum -
Check the oil level every 100 hours.

Drain and change oil every 1000 hours.
Use SAE #90 E.P. gear oil for tempera­
tures above 32° F., and SAE#80 E.P. gebr
oil for temperatures below 32° F. Capacity
-approximately 112 gallon. To check the
oil level, rotate drum until fill plug is in
line with "Oil Level" mark on frame. Re­
move plug and check oil level.

22. Transmission (Power Shift) -
Check oil level every shift. Change oil

every 500 hours, or more often if operating
conditions warrant. Use Hydraulic Trans­
mission Fluid, Type "C".

23. Transmission Breather (Power Shift) -
Wash in cleaning fluid and dip in clean

oil every I00 hours.

24. Transmission Sump Screen (Power
Shift)-

Remove and clean every 500 hours or
every oil change. Refer to page K-9 for
procedure.

25. TransmissionOil Filter (Power Shift) -
Replace elements every 500 hours. Refer

to page K-9 for procedure.

26. Transmission (Step Gear) -
Check oil level every 100hours. Change

oil after first 100 hours of operation. Sub­
sequent changes to be made at 500 hour
intervals. Use SAE #140 straight mineral
oil for temperatures from 32 to 90° F., and
SAE #90 straight mineral oil for tempera­
tures below 32° F. Capacity-18 quarts.

If not equipped with grease fitting, apply
one or two drops of engine oil at each joint
or connection.

29. Parking Brake Linkage -
Lubricate every 100 hours. Use chassis

grease (heavy) for temperatures above 32°
F., and chassis grease (medium) for tem­
peratures below 32° F. If not equipped
with grease fitting, apply one or two drops
of engine oil at each joint or connection.

27. Transmission Oil Filter (Step Gear) -
Change filter element after first 100

hours of operation. Subsequent changes to
be made at 500 hour intervals.

28. Transmission Shift Linkage (Auxiliary)
Lubricate every 100 hours. Use chassis

grease (heavy) for temperatures above
32° F., and chassis grease (medium) for
temperatures below 32° F. One or two
shots with a hand gun should be sufficient.

30. Hydraulic Retarder Linkage -
Lubricate every 100 hours. Use chassis

grease (heavy) for temperatures above 32°
F., and chassis grease (medium) for tem­
peratures below 32° F. If not equipped
with grease fitting, apply one or two drops
of engine oil at each joint or connection.
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31. Wheel Bearings (Trail Unit) -
Lubricate every 100 hours. Use wheel

bearing grease (medium). Fill housing
approximately 1/2 full.

32. Steering Gear and Pinion -
Check the lubricant level every 100

hours. Change grease only when trunnion
is disassembled. Use wheel bearing
grease. Fill to I" above bottom of the pin­
ion gear.

33. Rollers-
Lubricate every shift. Use chassis grease

(heavy) for temperatures above 32° F., and
chassis grease (medium) for temperatures

below 32° F. The lower covered rollers on
scraper tailgate are to be checked every
1000 hours. Repack the bearings at time
of disassembly.

34. Sheave Bearings -
Lubricate every shift. Use chassis grease

(heavy) for temperatures above 32° F., and
chassis grease (medium) for temperatures
below 32° F.

35. Water Pump-
Lubricate every 500 hours. Use ball

bearing grease (sodium soap base). Twoor
three strokes with a hand gun should be
sufficient. Do not over lubricate.
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ELECTRICAL THEORY AND TESTING
The electrical system on LeTourneau-Westing­

house equipment consists of five basic circuits.
These circuits are: Basic Excitation, Three Phase
Power, Battery Charging, Booster and Control.
In order for the mechanic to do a more thorough

job of testing the system it is necessary that he

understand the operation of the circuits and their
component parts.
Following is a brief description of the circuits,

generator, transformer, and rectifiers.
The circuit diagrams are representative of the

system and are not intended as hook up diagrams.

THEORY
Basic Excitation Circuit

m,
,

1. D.C. Main Switch
2. Key Switch
3. Ammeter

FIGURE L-l. BASIC EXCITATION CIRCUIT
4. D.C. Circuit Breaker Switch
5. Resistor
6. Capacitor

7. Booster Rectifier
8. A.C. Generator
9. Slip Rings (Field)

The purpose of the basic excitation circuit is to
provide the direct current necessary to initially
excite the alternating current generator.
Beforeany usable amount of alternating current

can be generated and delivered to the electrical
system, an exciting current must be flowing
through the generator field and the field itself
must be rotating.
The engine, to which the generator rotor is di­

rectly connected, drives the rotating field (rotor).
The basic excitation circuit provides the current
flow through the field windings.

Closing the key switch and the d.c. main switch
on the instrument panel allows the direct current
from the batteries to flow through the switches
and through the booster rectifier to the generator
field windings (through one generator brush and
slip ring). The current flows through the field
windings, out the outer slip ring and brush, to a
grounded terminal, then on to the batteries com­
pleting the circuit.
Capacitors are connected across the direct cur­

rent field breaker switch to prevent arcing of the
switch points when the switch is closed.

Three Phase Power Circuit
The purpose of the three phase power circuit is

to provide the current necessary to operate the al-
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ternating current induction motors.
When rotating at 1800 RPM, and properly ex-



cited by the excitation circuit. the generator will
deliver 3 phase, 300 volts, 120 cycle, alternating
current to an electric motor when the power circuit
to that motor is closed.

When the main switch between the generator
and the motor is closed, current flows from the

generator stator windings through the heavy pri­
mary windings of the voltage control transformer
and the main switch to the motor stator windings
and to the brake coils on the motor releasing the
electromagnetic motor brake, and rotating the
motor rotor simultaneously.

m
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FIGURE L-2. THREE PHASE POWER CIRCUIT
1. Main Switches 3. Brake leads 5. Voltage Control
2. A.C. Motor 4. A.C. Generator Transformer

Battery Charging Circuit

FIGURE L-3. BATTERY CHARGING
4. D.C. Circuit Breaker Switch
5. Main Rectifier
6. Battery Charging and

Compensating Rectifier

CIRCUIT
7. Voltage Control Transformer
8. Main Transformer
9. A.C. Generator
10. Slip Rings (Field)

1. Batteries
2. Starting Motor
3. Ammeter
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The purpose of the battery charging circuit is to
provide current necessary to keep the storage bat­
teries in a charged condition and provide no load
excitation to the generator.

As the generator output increases the compen­
sating part of the voltage control transformer and
the main transformer are energized, sending an
a.c. output into the battery charging and compen­
sating rectifiers.

The output of the main transformer varies with
the position of its flux bridge, the amount of cur-

rent flowing through the main transformer pri­
mary windings, and also in proportion to the
amount of current flowing through the flux bridge
windings, as used by lights and accessories.

The output of the compensating part of the volt­
age control transformer varies as the load on the
system varies.

These two outputs are changed to direct current
in the battery charging and compensating rectifier
and are available upon demand for battery
charging and generator excitation.

Booster Circuit
The purpose of the booster circuit is to provide

a means of maintaining the generator output when
a load is placed on the electrical system.

When the main switch between one of the mo­
tors and the generator is closed, current flows
from the generator stator to the motor through the
primary windings of the voltage control trans­
former.
If the load on the motor increases or if addi­

tional motors are operated, the current flow from
the generator through the heavy primary windings
of the voltage control transformer increases to
handle the additional load.

The output of the secondary windings of the

m ;~-------..
C
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booster half of the voltage control transformer is
proportional to the amount of current flowing
through the primary windings. When current does
flow through the primary windings, induced cur­
rent at a reduced voltage flows from the second­
ary windings to the booster rectifier.

Here the alternating current is converted into
direct current and fed into the excitation circuit
being supplied by the compensating portion of
the voltage control transformer and main trans­
former, (see Battery Charging Circuit) increasing
the generator output to take care of the increased
load without a drop in the terminal voltage at the
generator output terminals.

FIGURE L-4. BOOSTER CIRCUIT
1. Main Rectifier 3. A.C. Generator
2. Voltage Control Transformer 4. Slip Rings (Field)
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Control Circuit
The control circuit provides current necessary

to operate the main switches in the 3 phase power
circuit.
The control circuit for each motor includes the

control switch on the control pcmel, main switch
holding coils, heat control switch, and limit switch
(if used).
When the control switch on the control panel is

closed, current from one phase of the three phase
system flows from the constant voltage transform­
er through the switch. From the control switch the
current flows through the main holding coil,
through the limit switches and heat control switch,
back to one of the remaining two phases (activat­
ing the switch>' As the main switch is activated
three phase current flows to the motor and brake
causing the motor to operate (see Three Phase
Power Circuit).
When the component operated by the motor has

reached its safe limit of travel the limit switch

opens the control circuit, the main switch opens,
stopping the flow of current to the motor, and the
motor stops. The motor can be operated in reverse
until the limit of travel has been reached in the
opposite direction.
If the temperature of the motor at any time ex­

ceeds safe operating limits, the heat control switch
automatically opens the control circuit to the mo­
tor. This is true of all motors except the steering
motor. On the steering motor the heat switch is
connected with a warning light on the instrument
panel. This light remains on at all times unless
the temperature of the steering motor exceeds the
safe operating range, opening the circuit and
causing the light to go off.
When the motor has cooled to safe operating

temperatures the switch closes the circuit and the
motor will operate or the steering motor warning
light will come on again.
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FIGURE L-5. CONTROL CIRCUIT

I. Control Circuit 3. Holding Coil
2. Moin Switches 4. A.C. Motor

5. Heot Switch
6. limit Switch

A.C. Generator
The a.c. generator operates on the principle of

a coil cutting magnetic lines of force causing a
current to flow in the coil windings. The coil in
this case is stationary (stator), while the magnetic
field (rotor) rotates.

The generator is mounted in line with and is
driven by the engine. This unit is designed and
constructed to produce current without the fluctua­
tion and power loss of the ordinary generator, and
to handle the loads required by the various oper-
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FIGURE L-6. A.C.GENERATOR
1. Rotor 2. Stator 3. Brush Assembly

ations peculiar to the equipment.
The generator is a three phase, 8 pole, 300 volt,

120 cycle, rotating field type, rated on the basis
of rotor speed of 1800RPM.
The three major assemblies that make up the

a.c. generator are:
1. Stator - the outside or stationary member

which bolts to the engine flywheel housing at the
front and to the end bell at the rear.
2. Rotor - the rotating member which is at­

tached to the engine flywheel by a drive disc and

to the secondary flywheel by a splined hub.
3. Brush Holder - two aluminum brush hold­

ers hold the segments of the generator brushes.
The holder farthest from the engine is grounded to
the generator end bell. The other holder is con­
nected to the terminal strip on the generator sta­
tor. Both holders are insulated from the holder
nuts by insulating bushings.
Each split type holder is composed of two half

rings, held together by capscrews. Two clips are
inserted between the two halves, extending slight­
ly into the counterbore which holds the brush seg­
ments, preventing them fromturning in the holder.
The brushes are made of graphite carbon. Non­
adjustable springs between the brush holders
give the required amount of brush tension as the
brushes make contact with the rotor slip rings.
The exciting current flows through the genera­

tor field wire to the inside slip ring, through the
rotor windings and out the rear slip ring to the
ground. With the rotor energized and rotated by
the engine, the lines of force set up by the mag­
netic field in the rotor are cut by the stator wind­
ings, thereby generating alternating current. The
current leaves the stator by the three a.c. leads
from the generator to the constant voltage trans­
former.

Transformers
A transformer is basically a devise for receiving

electric current at one voltage and sending it out
at a different voltage. The output voltage may be
either higher or lower than the input. depending
upon the windings. The input coil is directly con­
nected to the main line and is called the primary
coil. The output coil is connected to the secondary
line and is called the secondary coil.
A two unit transformer group, mounted under

the right cockpit floor plate, provides excitation
current for the a.c. generator field, and current for
charging the batteries. Rectifiers convert the al­
ternating current from the transformer secondary
windings into the direct current required for gen­
erator excitation and battery charging.
The voltage control transformer, with a "built­

in" boostering action to the generator excitation
circuit, is connected in the excitation circuit to
help maintain constant voltage at the generator
output terminals regardless of the varying loads
experienced during the operating cycle.
Themain transformer unit provides current nec­

essary for no load excitation of the generator, and
keeps the batteries charged. The flux bridge wind­
ing is used as an electrical means of controlling
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the output and charge rate of the main transform­
er. The flux bridge is nothing more than a path for
the magnetic lines of force fromthe primary wind­
ings to by-pass the secondary windings if neces­
sary. The more lines of force that by-pass the sec­
ondary windings (via the flux bridge), the less the
transformer output.
By electrically controlling the amount of lines of

forcepermitted to flow through the flux bridge and
therefore by-pass the secondary windings, the out­
put of the main transformer can be controlled.

FIGURE L-7. TRANSFORMER
1. Voltage Control Transformer 2. Main Transformer

3. Flux Bridge



Rectifiers
Selenium coated plate type rectifiers, mounted

in the air stream of the engine air intake, receive
alternating current from the transformer's second­
ary windings and deliver direct current to the gen­
erator field, battery charging system, and for the
operation of lights and accessories.
The rectifiers consists of full wave selenium

coated aluminum plates, with suitable connectors
and insulators.
Selenium will allow current flow in one direc­

tion only when it is plated on aluminum. This flow
is always from the selenium side to the aluminum
side of a plate. If a single phase is connected to
the selenium side of one plate and the aluminum
side of another, connecting the aluminum side of
the first plate to the selenium side of the second
will produce a pulsating direct current in an ex­
ternal circuit when the phase itself is alternating.
For a three phase system (as used in LeTourneau­
Westinghouse equipment), the minimum number
of plates would be 6 or multiples of this, depend­
ent upon the use to which the rectifier is sub­
jected.

The direct current from the battery charging
rectifier must flow through the batteries, out the
battery ground to the grounded terminal of the
rectifier to complete battery charging circuit.
Therefore, the battery charging rectifier is the only
one that is grounded.

FIGURE L-8. RECTIFIERS
J. Booster Rectifier
2. Battery Charging ond Compensating Rectifier

TESTING
Test Meter

This test meter has been designed specifically
for LeTourneau-Westinghouse electrical equip­
ment testing. Encased in a steel box with a leather
carrying handle, it is small enough to be carried
fromjob to job.
Although the test meter is a very accurate in­

strument, it is not a delicate piece of laboratory
equipment. However, the user of this meter should
exercise reasonable caution in its use. It should
not be dropped or roughly handled.

FIGURE L-9. TEST METER

The meter may be used for both alternating cur­
rent (a.c.l, and direct current (d.c.) volts, also for
d.c. amperes. The following scales are available
on the meter and are sufficient to cover all tests
on LeTourneau-Westinghouse equipment.

o to 500 Volts A.C. 0 to 100Volts D.C.
o to 100Volts A.C. 0 to 100AmpsD.C.

o to 200Volts D.C.
In addition to the above the meter includes built

in batteries and a test lamp. This test lamp is used
for ground tests and for checking continuity of
wires.
Directly below the meter are two binding posts

labeled (+) and (-). These binding posts are to
be used only for d.c. amperage tests. Use the test
leads supplied with the meter.
The binding posts at the bottom of the meter,

also marked (+) and (-), are used for all voltage
(both a.c. and d.c.) and for ground and continuity
tests with the test lamp. Use the test leads sup­
plied with the meter.
The selector switch is a six position switch and

can be set to the scale desired. Positions are
marked clearly and identified .
.The meter should be checked for accuracy 2 or

3 times each year. This accuracy test can be a
comparative test using another new test meter or
the meters in any good electrical shop as standard.
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D.C. Amperage Tests
For direct current amperage tests it is necessary

to disconnect the wire under test and connect the
test meter in series with this wire since amperage
tests are series or "in-the-line" tests.

Attach the two test leads to the top pair of bind­
ing posts marked "D.C. Amps". Turn the selector
switch to the position marked "100 D.C. Amps".

Disconnect the wire under test and fasten this
wire to one of the leads on the test meter.

Touch the second meter lead to the connector
and remove it with rapid motion. Watch the nee­
dle carefully. Make certain that the needle is not
swinging off the scale to the right. Under this con­
dition a short circuit is indicated and if the meter
is left in the circuit for any appreciable length of
time, it will sustain damage resulting from the
heavy current flow.

Short circuit tests should be made only when
engine is stopped.

After checking for short circuits, as described
above, fasten the meter lead to the connector.

While making direct current checks, should the

Voltage Tests
and no wires need be disconnected.

Attach the two test leads to the two bottom
binding posts on the test meter. Turn the selector
switch to the position on the scale desired. Using
the clip ends of the test leads, connect the meter
across (in parallel with) the circuit or equipment
under test.

After the meter has been connected as described
above, testing again is a matter of comparing the
reading on the correct printed scale on the meter
face with the known value obtained under opera­
tion.

In testing d.c. volts it may be necessary to re­
verse the clip positions to obtain the correct direc­
tion of swing of the meter needle. This condition
will not arise during the a.c. voltage tests.

A variation of the vol tage readings between
phases of the motor being tested indicates an open
circuit either in the motor or in the conductor
cable between the motor and the main switch.

Figure L-12 gives readings on the a.c. voltmeter
taken with the point of test between the generator

Flashlight batteries for the test lamp are stand­
ard # I batteries and can be purchased from most
retail stores. The test lamp itself is a 2 volt pintle
type lamp, No. GE 49, which can be purchased in
any radio shop or electrical supply house.

Batteries can be replaced by removing the four
screws securing the meter panel to the case.

FIGURE L-11. A.C. VOLTAGE TEST
1. Terminal Strip 3. Voltmeter
2. Wire 4. Test Leads

Before making any voltage test determine if the
test is going to be in alternating or direct current
voltages. Select the meter scale to be used ac­
cordingly. If this precaution is not taken, the meter
may be seriously damaged.

Proceed with the test, reading the scale cali­
bration corresponding to the test being taken.

A voltage test, whether it be alternating or di­
rect current, is always an "across-the-line" test
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CAUTION: Never place the test leads across a
live circuit with the selector switch set in the test
lamp position. The current in the live circuit will
probably be more than the lamp capacity, causing
it to burn out.

Keep meter face and case free from grease and
dirt. Do not drop or abuse meter. With good care
it should give long and satisfactory service.

FIGURE L-10. D.C. AMPERAGE TEST
1. Terminal Strip
2. Wire

3. Ammeter
4. Test Leads

meter needle swing to the left rather than the
right, polarity of the meter is reversed and the
test leads must be reversed. The left swing is then
changed to right.

After the meter has been connected, testing is a
matter of comparing the reading on the correct
printed scale on the meter face with the known
value obtained under normal conditions and oper-
alion.



and the open in the circuit. Tests are made in two
of the three leads at one time. One lead will be
present in two of the three tests which will have
high voltage readings, and the open can be iso­
lated in this lead. (Main switch must be closed.)

FIGURE L-12. HIGH VOLTAGE READING
1. Terminal Strip
2. Open

3. Motor 5. High Reading
4. Generator

Figure L-13gives readings on the a.c. voltmeter
when the open in the circuit is between the point
of test and the generator. Note also that the same
lead is present in both low readings. The open
can then be isolated in this lead.

FIGURE L-13. LOW VOLTAGE READING
1. Terminal Strip
2. Open

5. low Reading3. Motor
4. Generator

Continuity Test
An open or ground in the stator can be located

by a continuity test after the leads to the brake
coils have been disconnected.
An open in the leads to the motor can be lo­

cated by a continuity test.
A continuity test is a test to determine whether

or not an individual wire has a break which will
prevent it from conducting current, and to localize
the break.
Attach the two test leads to the two bottom

binding posts on the test meter. Position the se­
lector switch in the test lamp position.
If the lead from the test lamp will reach from

one end of the wire to be tested to the other, it is
only necessary to disconnect one end of the wire,
and apply one test meter lead to each end of the
wire. If the lamp glows, the wire is not broken. If
the lamp fails to glow, the wire has a break some­
where along its length causing an open circuit.
Either locate the break and repair it or replace

the wire.
If the test leads will not reach from one end of

the wire to the other, one of the two following
methods may be used:

1. Add extensions to the test meter leads or;
2. Disconnect each end of the wire to be tested.

Fasten one end to a good electrical ground then
touch the other end with one of the test lamp leads.
Hold the other test lead to the same ground. The
test lamp should glow if the wire is not broken.
Often the break can be localized if as the test

lamp is being used on the wire in question, the
wire is flexed at the points which are apt to be
flexed during operation of the machine. Should
the light glow or flicker as the wire is being flexed
a break at that point is indicated. While in some
cases the break can be repaired, it is advisable
when possible to replace the entire cable with a
new one. Since the flexing may have weakened
other wires in the same cable.

Ground Test
The LeTourneau-Westinghouse three phase sys­

tem is an ungrounded system. Therefore whenever
occasion arises for testing the system always make
a ground test in conjunction with any test. A
ground test should be made as a preventive main­
tenance measure at least three times a year.
Place one lead of the test light on a connector

in the circuit to be tested and place the other lead
on a good electrical ground on the frame of the
machine. A lighted lamp during the test indicates
a ground. When attempting to isolate a ground in
generator, motor or transformer, all wires must be
disconnected from the terminal strips of the unit

being tested, completely isolating the unit from
the rest of the electrical system. Place one test
lead on an a.c. terminal and the other lead to the
ground. Repeat the test for each of the terminals.
REMEMBER,the system, since it is an unground­

ed system, must have two grounds to completely
ground and short a circuit. An indication of arcing
and burning at one point due to ground can mean
that the circuit is grounded at one other point also.
Locate and correct this before operating the ma­
chine. If the second ground is not located, failure
may result at this point during future operations.
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Test Procedures
Before making any test read the instructions

carefully on making amperage and voltage tests.
Select the proper scale on the test meter for the
test, being sure that the scale selected is sufficient
to accommodate the highest reading to be encoun­
tered. Make certain any leads removed to make a
test are reconnected before proceeding to the next
one.
When making ground tests, the unit being tested

must be completely isolated. Disconnect all leads
from the terminal strips. Make the required tests
and replace the leads.
The readings given are achieved with batteries

and component parts of the electrical system in
good operating condition. The engine is running at
high idle (approximately 2220 to 2260 RPM),

Voltage readings taken may vary slightly due
to the temperature at which the generator is oper­
ating. A higher temperature will result in a lower
voltage reading. However, the temperature will
not cause a variation between any two phases
during the same test.
When making a test with the test lamp, touch

the ends of the two test leads together to make
certain the batteries and the lamp bulb are in
good condition. The lamp should glow.
The test following were made under normal no

load conditions. The readings are approximate,
definite readings cannot be given because of the
difference in normal operating characteristics of
each machine.

Batteries
The batteries must be operated at or near full

charge and keep the electrolyte at the proper
level. A battery half charged or less cannot be de­
pended upon for starting and wears out rapidly.
A low battery indicates that the charging system
is out of adjustment or very often an old or defec­
tive battery.
The following is a chart indicating charge at

different specific gravity readings:
CHARGE SPECIFIC GRAVITY
Full 1.2BO
Half 1.225
Discharge 1.150

In tropical climates, full charge should read
between 1.200 and 1.215 specific gravity. The
battery charging circuit should maintain the
battery specific gravity above 1.155.
The specific gravity of the electrolyte varies

with the temperature. As the temperature in-

creases, the electrolyte expands or becomes thin­
ner so that the specific gravity is reduced. As
temperature drops the electrolyte contracts or be­
comes thicker so that the specific gravity in­
creases. Unless these variations in specific grav­
ity which are produced by temperature are taken
into account, the readings may not give a true
indication of the state of charge of the battery.
Correction can be made for temperature by add­

ing four gravity points to the reading for every 10
degrees that the electrolyte is above BOO F. For
every 10 degrees that the electrolyte is below BOO
F., four gravity points must be subtracted from the
gravity reading.
The voltage reading across each cell of the fully

charged battery should be 2 volts d.c.
Refer to batteries in section UK" of this manual

for proper electrolyte level and maintenance of
batteries.

A.C. Generator
(AMPERAGE TO THE GENERATOR FIELD)

Attach the two test meter leads to the top bind­
ing posts. Set the selector switch to the 100 D.C.
Amp scale. Read the bottom scale on the printed
meter face.
Disconnect the field lead from the generator

terminal strip. Connect the test meter in series
with the lead and the terminal strip.
Turn on the key switch and the D.C. Main

Switch. Meter should read approximately 11 to 14
d.c. amps.
Start the engine and after it has warmed up to

operating temperature, operate at high idle. The
meter should read approximately 22 to 27 d.c.
amps.
Do not operate any electric motors during this

test.

(VOLTAGE TO THE GENERATOR FIELD)
Attach the two test leads to the bottom binding

posts. Set the selector switch to the 100 D.C. Volt
scale. Read the second scale from the bottom of
the printed meter face.
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Attach one of the test meter leads to the field
wire at the generator terminal strip. Attach the
other test meter lead to a good ground. No wires
are to be disconnected during this test.



Turn on the key switch and the D.C. Main
Switch. Meter should read approximately 16 to 19
volts d.c.

Start the engine and after warm up operate at

high idle. Meter should read approximately 28 to
31 volts d.c.
Do not operate any electric motors during this

test.

(OUTPUT VOLTAGE - NO LOAD)

Attach the two test meter leads to the bottom
binding posts. Set the selector switch to the 500
A.C. Volt scale. Read the top scale on the printed
meter face.
Turn on the key switch and the D.C. Main

Switch. Start the engine and after warm up oper­
ate at high idle.

Make a voltage test across the three a.c. termi­
nals on the generator terminal strip, (three tests,
A to B,A to C, and B to C)' Meter should read ap­
proximately 370 to 390 volts a.c. Readings should
not vary over 5% between any two tests.
Nowires are to be disconnected during this test.

Donot operate any electric motors.

(STATOR GROUND TEST)

Attach the two test leads to the bottom binding
posts. Set the selector switch to the Lamp Short
position.
The stator must be completely isolated from the

rest of the electrical system. Disconnect all leads
fromgenerator terminal strip. Attach one test lead

FIGURE L-14. GENERATOR TERMINAL STRIP
1. A.C. Terminals 2. Field Terminal

to an a.c. terminal, touch the other lead to a good
electrical ground on the frame of the machine. The
lamp should NOTglow. _
If the lamp does glow it indicates, there is a

ground in the phase being tested. Make three tests
(A to ground, B to ground, and C to ground).

FIGURE L-15. TRANSFORMER TERMINAL STRIPS
1. A.C. Output ta 5. A.C. Output ta Pawer

Compensating Rectifier Circuit
2. A.C. Output ta 6. Accessory Circuit

Booster Rectifier 7. A.C. Output to Main
3. A.C. Input Rectifier
4. A.C. Output To Main 8. Flux Bridge

Transformer 9. Voltage Control Transformer
10. Main Transformer

Transformers
(A.C. INPUT)

Attach the two test leads to the bottom binding
posts: Set the selector switch to the 500 A.C. Volt
position. Read the top scale on the printed meter
face.
Turn on the key switch and the D.C. Main

Switch. Start engine and after warm up operate at
high idle.
Make a voltage test across the three input ter-

minals on the transformer terminal strip. Make
three tests (A to B, A to C, and B to C). No wires
are to be disconnected during this test. Do not
operate any electric motors. Meter should read
approximately 370 to 390volts a.c.
NOTE:This reading should correspond with the

generator output voltage.

(A.C. INPUT TO MAIN TRANSFORMER)

Attach the two test leads to the bottom binding
posts. Set the selector switch to the 500 A.C. Volt

position. Read the top scale on the printed meter
face.
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Turn on the key switch and the D.C. Main
Switch. Start engine and after warm up operate
at high idle.

Make a voltage test across the three a.c. input
terminals on the main transformer input terminal
strip. Make three tests (A to B, A to C, and B to C)'

(A.C. OUTPUT - TO POWER CIRCUIT)
Attach the two test leads to the bottom binding

posts. Set the selector switch to the 500 A.C. Volt
position. Read the top scale on the printed meter
face.
Turn on the key switch and the D.C. Main

Switch. Start engine and after warm up operate at
high idle.
Make a voltage test across the three a.c. output

Meter should read approximately 360 to 380 volts
a.c., or IOta 15 volts less than the preceding test.
This is due to voltage drop across the voltage con­
trol transformer. Do not disconnect any wires for
this test.

terminals on the voltage control transformer out­
put terminal strip. Make three tests (A to B, A to C,
and B to C)' The meter should read approximately
370 to 390 volts a.c. This reading should be ap­
proximately the same as the a.c. input to the trans­
former. Any slight variation will be due to voltage
drop across the transformer.
No wires are to be disconnected for this test.

(A.C. OUTPUT - BOOSTER PORTION OF THE VOLTAGE CONTROL TRANSFORMER)
Attach the two test leads to the bottom binding

posts. Set the selector switch to the 100 A.C. Volt
position. Read the second scale from the top of the
printed meter face.
Turn on the key switch and the D.C. Main

Switch. Start the engine and after warm up oper­
ate at high idle.

Attach the test meter leads to two of the three
a.c. output terminals (the lower three terminals of
the six terminal strip on the voltage control trans­
former)' Make three tests (A to B, A to C, and B to
C)' The meter should read approximately 11 to 14
volts a.c. No wires are to be disconnected for this
test.

(A.C. OUTPUT - COMPENSATING PORTION OF THE VOLTAGE CONTROL TRANSFORMER)
Attach the two test leads to the bottom binding

posts. Set the selector switch to the 100 A.C. Volt
position. Read the second scale from the top of the
printed meter face.
Turn on the key switch and the D.C. Main

Switch. Start the engine and after warm up oper­
ate at high idle.

Attach the test meter leads to two of the three
a.c. output terminals (the upper three terminals of
the six terminal strip on the voltage control trans­
former). Make three tests (A to B, A to C, and B to
C). The meter should read approximately 21 to 23
volts a.c.
No wires are to be disconnected for this test.

(A.C. OUTPUT - MAIN TRANSFORMER)
Attach the two test leads to the bottom binding

posts. Set the selector switch to the 100 A.C. Volt
position. Read the second scale from the top of the
printed meter face.
Turn on the key switch and the D.C. Main

Switch. Start the engine and after warm up oper­
ate at high idle.

Attach the test meter leads to two of the three
a.c. output terminals (the lower three terminals of
the five terminal strip on the main transformer)'
Make three tests (A to B, A to C, and B to C)'
Meter should read approximately 21 to 23 volts
a.c.
No wires are to be disconnected for this test.

(GROUND TEST)
Isolate the transfo~er from the rest of the sys- lamp should NOT glow. If the lamp does glow it

tern, by disconnecting leads from the transformer indicates a ground.
terminal strips. Attach one test lead of the test Repeat the above procedure for all of the ter-
light to a voltage control transformer a.c. termi- minals on the transformer.
nal, touch the other lead to a good ground. The

Rectifiers
It must be assumed that the transformer output If rectifier assembly is removed from the air

will be the same as the corresponding input at the cleaner housing for testing or for any other reason,
rectifiers. However, due to possible aging of the the engine should not be operated unless the recti-
rectifier, broken wires, or other defects, this does fier is definitely grounded; preferably by an extra
not insure that the rectifier is functioning properly. ground wire from the rectifier assembly to a good

electrical ground on the frame of the machine.
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(BATTERY CHARGING AND COMPENSATING RECTIFIER OUTPUT)
Attach the two test leads to the bottom binding

posts. Set the selector switch to the 100 D.C. Volt
position. Read the second scale from the bottom on
the printed meter face.
Attach one test meter lead to the cranking motor

solenoid input terminal and the other lead to a
good ground.
Turn on the key switch and the D.C. Main

Switch. The test meter should read approximately
24 volts d.c. This is the battery voltage at the
cranking motor.
Start the engine and after warm up operate at

high idle.
Ammeter on the instrument panel should regis­

ter a charge rate. The voltage reading on the test
meter should be approximately 24 to 26 volts d.c.
A defective rectifier will not' show a charge rate

on ammeter. However. a rectifier may not show a
charge rate because of age or loose a.c. connec­
tions. These conditions must be taken into consid-
eration.

FIGURE L-16. RECTIFIER TERMINALS
1. Resistor
2. BOllery Charging and

Compensating Rectifier
3. Booster Rectifier

4. Positive Terminal (+1
5. Negative Terminal (-I
6. A.C. Terminal

(BOOSTER RECTIFIER OUTPUT)
Attach the two test meter leads to the bottom

binding posts. Set the selector switch to the 100
D.C. Volt position. Read the second scale from the
bottom of the printed meter face.
Attach one test meter lead to the generator field

terminal and the other lead to a good ground. No
wires are to be disconnected for this test.
Turn on the key switch and the D.C. Main

Switch. Start the engine and after warm up oper-

ate at high idle. Meter should read approximately
28 to 34 volts d.c. This reading is the generator
field voltage.
Subtract the battery charging and compensat­

ing rectifier output voltage (see previous test) from
the field voltage. The difference is the no load out­
put of the booster rectifier.
Do not operate any electric motors during this

test.

(CONTINUITY)
If it is suspected that there is a defective recti­

fier. remove it from the housing and proceed as
follows.
Attach the two test meter leads to the bottom

binding posts. Set the selector switch to the lamp
short position.
Attach one test lead to the mounting bolt of the

rectifier under test. With the other lead. touch all
other portions of the rectifier at random. A light
during this test will indicate that a plate or plates
are shorted out to the mounting bolt. and that the
rectifier is defective.
Reverse the test leads and repeat the above

test. This must be done. since occasionally the
plates will short out in one direction only.
Attach either of the test lamp leads to anyone

of the a.c. terminals. Touch the other lead alter­
nately to the d.c. positive terminal and the d.c.
negative terminal. The test lamp should glow only

I

when touching either the d.c. positive or the d.c.
negative terminal. If the light glows when both
terminals are touched. the rectifier is defective
since the current is free to flow in both directions
through the plates. If the light does not glow at
all during this test. this also indicates a defective
rectifier since it must pass cuzrent in one direction
only to perform its function in the circuit.
Repeat the above test for the remaining a.c.

terminals.
Reverse the test leads and repeat the above test.

This is necessary because it is not possible to de­
termine in advance in which direction the rectifier
plates may be defective.
The brilliancy of the test meter lamp will vary

with the number of plates in the rectifier being
checked. Caution should be exercised when check­
ing that the glowing lamp does not go undetected.
especially when making tests in brightly lighted
areas.
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(VOLTAGE DROP)

Attach the two test meter leads to the bottom
binding posts. Set the selector switch to the 100
D.C. Volt scale. Read the second scale from the
bottom of the printed meter face.
Attach one test lead to the positive terminal of

the rectifier being tested, and the other test lead
to a good ground. Nowires are to be disconnected
for this test.

Turn on the key switch and the D.C. Main
Switch. Record the voltage reading.
Attach one test lead to the negative terminal of

the rectifier being tested, and the other to a good
ground.
Turn on the key switch and the D.C. Main

Switch. Make a voltage reading. Both readings
should be the same (approximately 24 volts).

Control Circuit
(A.C. INPUT VOLTAGE TO SWITCH PANEL)

Attach the two test meter leads to the bottom
binding posts. Set the selector switch to the 500
A.C. Volt scale. Read the top scale on the printed
meter face.
Turn on the key switch and the D.C. Main

Switch. Start the engine and after warm up oper­
ate at high idle.
Test the a.c. voltage across the three a.c. input

leads at the point of connection with the first main
switch on the switch panel. The a.c. input leads
are part of the multiple wire conductor. Make
three tests (A to B, A to C, and B to C)' The meter
should read approximately 370 to 390 volts a.c.
There should be no more than 5% variation be­
tween any two readings. No wires are to be dis­
connected for this test.

(MAIN SWITCH)

If motor does not operate when the main switch
is engaged, make the following tests:
Make a voltage test from input to output side

of main switch as the finger tip control switch on
the control panel is engaged and disengaged rap­
idly. Make three tests, one for each of the three

leads. This test is made to determine whether or
not the contactor switches are functioning. A volt­
age reading on all or any of these tests when the
finger tip switch is closed indicates that the con­
tactor points are not operating properly if the
motor does not run.

(OPEN HOLDING COIL)

If the main switch does not pull in when the
finger tip switch on the control panel is engaged
there may be two sources of trouble, either an
open holding coil or an open control circuit.
First make a voltage test, with the selector

switch at the 500 Volt A.C. scale, across the two
leads of the main switch holding coil as the finger
tip switch is engaged. A voltage reading on this
test indicates an open holding coil. Replace the
coil. If, however, no voltage is recorded, proceed
to test for an open control circuit.

(ISOLATING OPENS IN CONTROL CIRCUIT)

Since each circuit has its own "C" phase re­
turn, but all are energized by the same phase (A
or B) the following assumptions may be made:
Should no control circuit work but normal volt­

age exists at the main switches, the open exists
between the transformer and the control switches.
If one control circuit does not function then the
open exists in that circuit only.
The phase which has been used to energize the

control circuits may be determined in this manner:
set the test meter selector switch to the 500 Volt
A.C. scale. Removethe "C" phase return lead from
a switch that does not function. Attach one test
meter lead to one of the remaining two phases as
the control switch for that unit is operated. If
meter registers a voltage reading, touch the other
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phase. The meter will register no reading when
the input phase to the control circuits has been
located.
Set test meter selector switch to the Lamp Short

position. After the input phase has been deter­
mined, disconnect the leads at the holding coils
that come from the control panel in the defective
circuit. Attach one lamp lead to the energized
phase, connect the other lead to the wire discon­
nected from the holding coil. Operate the finger­
tip control switch. A light indicates that this cir­
cuit is complete through the control switch to the
holding coil.
Attach one test lead to the coil terminal from

which the lead has been removed. Attach the
other to the return phase. A light indicates that



the control circuit is complete from the holding
coil, through the heat switch, limit switch and
back to the return phase. No light indicates an
open in that part of the control circuit from the
holding coil, through the heat switch, limit switch,
to the return phase.

Place test lamp leads across holding coil ter­
minal after disconnecting one of the leads to the
holding coil.
If the coil is in good condition the test lamp will

glow. A faulty coil will give no glow. Replace coil
if defective.

(LIMIT SWITCH)
Check the limit switch for mechanical operation.

If the limit switch is not defective mechanically,
proceed with the following:
Use the test meter in the Lamp Short position.

Do not operate the engine during this test. Keep
the key switch and the D.C.Main Switch in the off
position.
Make a test directly across the two connections

of the limit switch controlling the movement which
is not operating. For example: If the hoist motor on
the bowl will go down but not up, make a test
across the limit switch. If the light does not glow
the limit switch is faulty and should be replaced.
NOTE:Actuating arm should touch the switch

button until moving part has reached its limit of
travel.

(HEAT CONTROL SWITCH)
The following is a test to determine the condi­

tion of the heat control switch.
Before making this test make certain that the

heat switch is not open due to an overheated mo­
tor. If the switch is not too hot to touch for one
second with a finger, the heat control switch

should be closed.
Put the two test lamp leads directly across the

two terminals of the heat switch. If the test lamp
glows the heat control switch is in operating con­
dition. If the lamp does no glow, the heat switch
has failed and should be replaced.

(CONDUCTOR CABLES)
Make a visual inspection of all connections at

both the main switch panels and the motor ter­
minal strips.
If they are in good order, look for a pinched

cable or a spot where the cable might be flexing.

If a break is found, it can be repaired in some
cases, however, it is advisable to replace the en­
tire cable. See "Continuity Testing" for correct
procedure when a break is suspected in a con­
ductor.

(CONTROL PANEL)
Remove the machine screws securing the con­

trol panel to the cockpit and pull the panel down,
exposing the rear of the panel.
If the open circuit has been isolated (by the

previous tests) forward of the main switch the first
thing to establish is whether or not the finger-tip
control switch is functioning properly, as this is
the most likely point of trouble.
Disconnect the top holding coil lead at the main

switch that is controlled by the inoperative switch.

Make certain that this lead does not touch any
other leads or terminals in the main switch panel.
Test across the terminals of the finger-tip con­

trol switch controlling the movement that is in­
operative.
Make tests on switches across terminals to

which leads are connected. If the test lamp glows
when switch is depressed, the switch is operating
properly. If the lamp does not glow the switch is
defective and should be replaced.

(CONTINUITY OF COCKPIT CONTROL CIRCUIT)
Make a continuity test on the conductor be­

tween the finger-tip control switch and the top of
the holding coil.
Make continuity test on the conductor between

the common lead terminal for the finger-tip
switches and the center a.c. lead on the voltage
control transformer output terminal strip.

A.C. Electric Motors
(MOTOR)

Attach the two test meter leads to the bottom
binding posts. Set the selector switch to the 500
A.C.Volt position. Read the top scale on the meter.

Check the motor brake for proper clearance,
binding, warping, and other mechanical troubles
and make certain that there are no loose wires or
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visible defects.
Turn on the key switch and the D.C. Main

Switch. Start the engine and after warm up, oper­
ate at high idle.

Disconnect the three a.c. input leads from the
motor terminal strip. Attach one test meter lead
to one of the a.c. leads, and the other lead to an­
other a.c. lead. Close the finger-tip control switch
controlling the motor under test. Make three tests
(A to B, A to C, and B to C).
Meter should read approximately 370 to 390

volts a.c. Readings should vary no more than 5%
between any two readings.
Reconnect the a.c. leads to the motor terminal

strip. Repeat the above test with the leads con­
nected.
Readings should be the same as above. If nor­

mal reading is not obtained, disconnect brake
leads. Make voltage readings (as above). If un­
even readings persist, trouble is in the stator. If
readings are even, trouble is in the brake coils or
wires.

(GROUND TEST)
Turn the test meter selector switch to the Lamp

Short position.
Disconnect the leads at the motor terminal strip

(a.c. input, and the leads to the motor brake).
Attach one test lamp lead to an a.c. terminal

and touch the other lead to a good ground, the
lamp should not glow. If the lamp does glow, it
indicates a ground. Make three tests (A to ground,

Bto ground, and C to ground).
Repeat the above test for the motor brake by

attaching one test lamp lead to a brake lead and
the other to a good ground on the motor frame.
Make three tests. If the test lamp glows, a ground
is indicated. Proceed to the next test. If no ground
is indicated proceed to "Open Brake Coil" test.

(BRAKE COIL)
Disconnect both leads to the brake coil under

test.
NOTE: Because of the manner in which the

coils are interconnected, it would be difficult to
localize the trouble should these leads be left con­
nected.

Use a test lamp. Touch one test lamp lead to a
good ground and touch each of the terminals on
the coil with the other lead. If the test lamp glows,
a grounded brake coil is indicated. Replace the
coil.

(OPEN BRAKE COIL)
Disconnect one lead to the coil under test. Use

a test lamp.
Touch one coil terminal with a test lamp and

the other coil terminal with the remaining test

lead. If the coil is in good condition the test lamp
will glow. If the lamp fails to glow, the coil is
open and should be replaced.

TROUBLE SHOOTING
All preceding tests have been made under nor­

mal no load conditions. The readings are approxi­
mate. Definite readings cannot be given because
of the difference in normal operating character­
istics of each machine.
Since each electrical system will have its nor­

mal operating characteristics, the ammeter read­
ings are listed as deviations from the observed
normal range of the machine.
It must be assumed that the batteries have been

checked and are in good condition.
I. The following circuits can be checked with
the key switch on and the D.C. Main Switch
off.
A. Head Lights
B. Rear Lights
C. Windshield Wiper
D. Heater
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E. Defroster
II. Turn on the key switch and press the crank­

ing motor switch. If engine starts and runs
properly, the following circuits have been
checked.
A. Starting System
B. Batteries
C. Oil Pressure Switch

1. If oil pressure switch does not operate,
, the following will not operate:
a. P.T.Fuel pump
b. Hourmeter

III. Basic Excitation Circuit. Turn on key switch
and D.C. Main Switch. DO NOT start engine.
A. No movement of the ammeter needle indi­

cates:
1. Open in the excitation circuit between

the D.C. Main Switch and the ground



at the generator. Friction between
brush and slip ring may eventually
wear away brush, increasing distance
between the brush rings, and reducing
spring pressure against brushes. This
condition may increase resistance in
the excitation circuit, reducing excita­
tion current. If brush springs are ex­
posed to high hecrt, springs lose their
tension with the same result.

2. Open in the D.C. field breaker switch
circuit between the D.C. Main Switch
and the ground at the d.c. field break­
er switch holding coil. (NOTE:Close
the d.c. field breaker switch manually
to differentiate between the two pos­
sibilities. (If machine is so equipped.)

B. Less than normal discharge indicates:
1. Worn brushes or weakened brush

springs. See" 1" above.
2. Poor ground at the brushes or poor

contact. If brush rings are kept from
sliding freely on their studs or if studs
become misaligned and brush rings
bind, the resulting poor contact may
reduce or cut off the excitation current
completely. This condition may result
in no a.c. voltage at all, or in a.c. volt­
age which rapidl y varies from normal
to zero reading depending upon
whether or not the brush is making
contact with the slip ring at the time
that the reading is taken.
(NOTE:This condition will be apparent
only when engine is operating, since
brushes will not wobble when the
rotor is stationary.)

3. Increased resistance in booster recti­
fier.

4. Poorconnections.
C. More than normal discharge indicates:

1. Short in rotor (loss of one or more field
poles). This may be confirmed by:
a. Excite the rotor directly (excluding

the other portions of the basic ex­
citation circuit), using 24 volt d.c.
excitation current. Place a jumper
wire directly from the batteries to
the generator field. A current draw
of more than approximately 20 am­
peres indicates a possible shorted
rotor.

b. Take three readings (phase to
phase) of the no load, high idle out­
put of the generator.

(1) Low but even readings indi­
cate a possible shorted rotor.

(2) Uneven a.c. readings always
indicate troubles in the a.c.
system. Possibilities are:
(a) Three phase wires
(b) Generator stator
(c) Transformerwindings
(d) Motorstator or brake
(e) Main switches

c. To check pole windings on genera­
tor rotor, insert a long steel shim
between generator rotor and stator
(with excitation current flowing in
the field windings - but without
engine operating).
In a rotor in normal condition, each
rotor pole will exert a definite pull
on the gauge. No pull above a pole
indicates that no current is flowing
in the windings of the pole under
test and that there must be an open
in the excitation circuit between
the pole windings and the source of
the excitation current.
If only one or two poles fail to ex­
ert a pull there may be a combined
open and ground in the rotor.
If all the poles fail to exert a pull
there may be an open in either the
rotor or in the excitation circuit
outside the rotor.
NOTE:Rear generator bearing fail­
ure may cause brushes to skip
(make and break contact with the
slip rings) giving erratic a.c. volt­
age. Misalignment of generator ro­
tor or stator may result in scrub­
bing between the two units and a
reduction in a.c. voltage. This con­
dition normally does not affect the
readings on a rotor test unless ro­
tor windings hav~ been damaged
and shorts or opens are evident. If
the scrubbing is very severe the
stator and/or rotor may become
damaged. As a precautionary
measure check the air gap with a
feeler gauge all around the rotor to
make certain there is clearance
(0.020" to 0.040") between the ro­
tor and stator. Usually if the stator
is at Icult. it will have smoked or
burned out because of the high cur­
rent involved. However, unbal-
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anced readings may occur when
part of the coils in one phase are
shorted out in the stator windings,
and this condition mayor may not
have a visible effect on stator
windings. With all other units in a
normal condition, it can be as­
sumed that the cause of a variation
in the voltage readings lies in the
generator stator windings if the va­
riation occurs in a "no load" test.
Should one or more windings short
out of the field circuit both excita­
tion current and the a.c. output
voltage will be affected. Amperage
to field will increase, yet due to
loss of field windings, a.c. voltage
will be reduced, (this can be ap­
plied to motor and transformer
windings as well).

D. Complete discharge indicates:
1. A short in the excitation circuit be­

tween the D.C. Main Switch and the
generator slip rings.

2. Short in the d.c. field breaker switch
circuit between the D.C. Main Switch
and the d.c. field breaker switch hold­
ing coil.
(NOTE: Close the d.c. field breaker
switch manually to differentiate be­
tween the two possibilities.)

IV.Three Phase Power Circuit. Turn on key switch
and D.C. Main Switch. Start engine and after
warm up, operate at high idle. Actuate motor
finger-tip control switch.
A. Motor hums and attempts to turn but will

not start (known as single phasing).
1. Operate other motors to determine if

more than one motor is affected.
2. If all motors single phase check gen­

erator voltage and continuity of 3
phase wires from generator to main
switches.

3. If only one motor single phases, check
voltage at motor, and continuity of
wires.

V.Battery Charging Circuit. Turn on key switch
and D.C. Main Switch. Start engine and after
Iwarmup, operate at high idle.
A. Nocharge rate indicates:

1. No power to transformer coils.
a. Check by running an electric mo­

tor or,
b. Check with test meter at input ter­

minal strip on transformer.
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2. No input to primary or output at sec­
ondary coils of main transformer.
a. Check with test meter at battery

charging and compensating recti­
fier a.c. terminals.

3. Broken or loose wire from negative of
battery charging and compensating
rectifier to main switch.

4. No output frommain rectifier negative
terminal.

B. Less than normal charge rate indicates.
1. Aging rectifiers
2. Brokenleads to rectifiers
3. Flux bridge not shimmed out far

enough.
C. More than normal charge rate indicates.

1. Flux bridge lost
2. Flux bridge shimmed out too far.

VI. Booster circuit. Turn on key switch and D.C.
Main Switch. Start engine and after warm up,
operate at high idle. Depress fingertip con­
trol switch with motor or motors under load.
A. Loss of power, improper releasing of mo­

tor brakes, overheating, indicates:
1. Defective booster rectifier.
2. Aging booster rectifier.
3. Broken a.c. leads to booster rectifier.
4. No output from secondary coils of the

voltage control transformer. Even
though the motor may operate under a
low voltage condition, operating tem­
perature will rise, in some cases high
enough to cause the heat control
switch to cut out the motor. If this oc­
curs make a voltage check at the mo­
tor terminals while the motor is in
operation.
If power leads to brakes become brok­
en or disconnected brakes may be only
partially releasing, resulting in a drag
on the motor. Burned out brake coils
may have the same effect.
Open coils in the stator are indicated
by unequal voltage during a.c. voltage
tests with the motor under load.
The rotor may be dragging on the sta­
tor because of the following:
a. Stator and end bell hold down

bolts loose or tightened unevenly,
boss filled with dirt, foreign mate­
rial between stator and rotor. The
rotor may be filled with dirt caus­
ing improper ventilation in the ro­
tor because of the opening in the
rotor stack being plugged up. Over-
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loading of the assembly operated.
failure of the gear box. or binding
assemblies may cause additional
drag on the motor.

VII. Control Circuit. Turn on key switch and D.C.
Main Switch. Start engine and after warm up
operate at high idle. Depress fingertip control
switch.
A. Motorfails to operate.

1. Operate other switches to determine if
one or more motors are inoperative.

2. Actuate contactor switch manually to
isolate trouble. If motor fails to run
check out power circuit. If motor does
operate. the trouble is in the control
circuit.

3. Check out the control circuit.
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..0. HEADLIGHT SWITCH AT
INSTRUMENT PANEL

I.
2.
3.
4.
5.
6.
7.
S.
9.
10.
11.

Satteries (24 V.D.C.)
P.T. Fuel Pump Solenoid
Engine Hourmeter
A.C. Generator
Headlights
Cranking Motor
Battery Charging and Compensating Rectifier
Service Connector
¥ain or Sooster Rectifier
Resisto.-
D.C. Field Breaker Switch

FIGURE M-l. TYPICAL WIRING
Interlock Switch
Capacitor
Breaker Switch Holding Coil
Right Turn Steering Main Switch
Right Turn Holding Coil
Left Turn Steering Main Switch
Left Turn Holding Coil
Right Turn Steering Switch
Left Turn Steering Switch
Steering Aetuator Cam
Voltage Control Transformer

DIAGRAM (TOURNAPULL)
23. Flux Bridge
24. Main Transformer
25. Scraper Quick Drop Switch " ,
26. Instrument Panel
27. Headlight Switch
2S. Rear Light Switch
29. D.C. Main Switch
30. Terminal Strip
31. D.C. Main Switch Warning Light
32. Cranking Motor Switch
33. Key Switch

12.
13.
14.
15.
16.
17.
IS.
19.
20.
21.
22.

34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.

Ammeter
Oil Pressure Switch
Steering Motor Warning Light
Quick Disconneetor
Hoist Up Control Switch
Hoist Down Control Switch'
Apron Up Control Switch
Apron Down Control Switch
Tailgate Forward Control Switch
Tailgate Back Control Switch
Main Cable
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FIGURE M-2. TYPICAL WIRING DIAGRAM (STEERING AND TRAIL UNIT MOTORS)
I. Main Cable 7. Apron Up Main Switch 14. Right Main Switch Box 21. Tailgate Back Limit Switch

.2. Steering Molar 8. Apo'on Down Main Switch 15. Hoist Up Main Switch 22. Tailgate Forward Limit Switch
3. Mator Brake Coils 9. Holding Coil 16. Hoist Down Main Switch 23. Hoist Motor
4. Heat Switch 10. Tailgate Forward Main Switch 17. Crossover Cable 24. Hoist Up Limit Switch
5. Left Turn limit Switch II. Tailgate Back Main Switch 18. Apron Motor 25. Rear Light

~ 6. Right Turn Limit Switch 12. Terminal Strip 19. Apron Up Limit Switch 26. Quick Disconnector
I 13. Left Main Switch Box 20. Tailgate Motor <w



1. Electrotarder Control Switch (On Contral Panel)
2. Phase "B"
3. #1 and #2 Electrotarder Switch

FIGURE M-3. TYPICAL WIRING DIAGRAM (ELECTROTARDER)
4. #1 Electrotarder Switch 7. #1 Electrotarder Main Switch
5. 3 Phase Power Leads (From Right Main Switch Bax) 8. #2 Electrotarder Main Switch
6. Terminal Strip In Right Switch Box 9. Holding Coil

10. # 1 Electrotarder Grids
11. #2 Electrotarder Grids
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MODEL B SCRAPER

FIGURE N-l. MODEL B TOURNAPULL WITH SCRAPER

SEPARATING TOURNAPULL AND SCRAPER
Lower apron and bowl until the operating wire

ropes are slack. Crib up nose of the prime mover
using good solid cribbing. Construct the cribbing
carefully. Apply parking brake.
Disconnect scraper apron bowl and tailgate

wire rope fromdead ends. Pull ropes fromsheaves
on scraper.
Raise scraper bowl slightly to allow the nose

of the prime mover to settle on the cribbing. Block
prime mover wheels, front and rear, to prevent
movement when the units are separated.
Removemain switch box covers and disconnect

the cables leading to the scraper.
Bleed the air system and disconnect air lines

to scraper brakes and quick release cable drum.
Place chain .hoist around the yoke structure.

Position wood blocks along yoke to protect any
tubing or cables which may be damaged by the
chain. Apply only enough tension to support
weight of the scraper and relieve any strain on
the yoke connecting bolts.
Position blocks under each side of the steering

trunnion to prevent its Upping when the scraper
is removed.

FIGURE N-2. STEERING TRUNNION AND YOKE
1. Yoke 3. HoistMotor
2. ApronMotor 4. BoltBarPlugBolts

Cut the lockwires and remove the bolts fromthe
upper and lower bolt bar plugs. Separate the two
units and lower scraper until yoke and bowl are
both resting on the ground.

YOKE REMOVAL
Disconnectthe conductor cable to tailgate motor

and limit switches; and air lines to scraper wheel
brakes.
Free apron hoist. and body hoist wire ropes

fromdead ends. Pull body hoist rope from sheaves
on body.
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Fasten hoist to yoke arms, near the pivot point,
to prevent yoke from dropping when caps are
removed.
Take up slack in hoist chains. Removethe cap­

screws and lockwashers securing the yoke arm
caps to the yoke arms. Remove caps and shims.



Keep shims together for replacement. Separate yoke and body.

APRON REMOVAL
Attach hoist to apron arms. Remove capscrews

and lockwashers securing apron arm caps to
apron arms. Remove caps and shims. Keep shims

together for replacement. Separate apron and
bowl.
Lowerapron to ground.

ASSEMBLING TRUNNION CAPS
When reassembling yoke or apron ball and

socket joints, first clean them thoroughly.
Raise arms with hoist until sockets on arms fit

against balls on bowl.
Place cap over exposed side of ball on one side.

Place enough shims between cap and socket to

make a snug fit. Secure with capscrews and lock­
washers. Torque capscrews to 360 ft. lbs.
Repeat procedure for opposite side.
Lubricate thoroughly. See Section "K" for the

correct type of lubricant and intervals.

TAILGATE REMOVAL

FIGURE N-3. TAILGATE BEAM
1. Sheave 3. Roller
2. Wire RopeTightener 4. DeadEnd

5. BeamStructure

Position tailgate for access to shielded tailgate
rollers. Remove covers from rollers and remove

the three capscrews and lockwashers securing
each roller to the tailgate. Later machines may
have these rollers mounted on an eccentric cam.
In this case, remove the nut frombeneath the cam
and lift off roller.
Remove capscrews and lockwashers securing

rail scraper to tail beam.
Back off wire rope tightener and pull tailgate

reverse wire rope from dead end and pull from
the sheaves.
Remove tailgate forward wire rope from dead

end and pull fromsheaves.
Remove nut and bolt from upper tailgate roller.

CAUTION: As bolt is removed, tailgate beam
structure will be free to drop.
Place chain about tailgate and pull forward out

of scraper body <toward the front). It may be nec­
essary to move tailgate box beam structure to the
right to permit clearance at rear and sides of bowl.
Removetailgate.

MOTOR AND GEAR BOX REMOVAL
WIRE ROPE DRUM
Unwind wire rope from wire rope drum. Loosen

setscrew in dead end and pull wire rope free.
Remove setscrew from wire rope drum locknut.

Using wrench and extension handle, back off
splined locknut from drum shaft. Remove wire
rope drum.

MOTOR
Remove drain plug and drain lubricant from

the gear box.
Remove capscrews securing motor cover to sta­

tor. Disconnect electric cables from terminal strips
on motor and free from cable clamps. Remove
cover.

FIGURE N-4. MOTORS AND GEAR BOXES
1. Quick ReleaseBrake 3. BrakeDrum

Cylinder 4. HoistMotor
2. BrakeBand 5. ApronMotor

6. GearBox
7. Wire RopeDrum
8. Setscrew
9. Locknut
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Support motor with rope sling. Place only
enough tension on sling to relieve tension on motor
mounting capscrews.

Remove capscrews securing motor to gear box.
Pry motor away from gear box until motor pinion
has cleared bore in gear box. Pull motor straight
away from gear box to prevent damaging oil seal
in gear box bore.
GEAR BOX
Proceed as above to the point of removing the

capscrews securing the motor to the gear box.
Substitute the following:
Remove the capscrews securing the gear box to

the mounting flange. Pry gear box and motor (un­
less motor has previously been removed) away
from flange until the output shaft has cleared the
flange.
Place on bench for further disassembly. Refer

to Section ''1''.

QUICK RELEASEDRUM
Removal and Disassembly

Unwind wire rope fromwire rope drum and re­
move from dead end. Drain lubricant from quick
release planetary.
Disconnect linkage frombrake cylinder to brake

band, remove band from around brake drum (see
Fig. N-4L
Removenuts and "0" ring securing brake drum

to sun gear shaft and pull drum fromsplined shaft.
Remove the capscrews and lockwashers fasten­

ing the gear support to the drum. Remove gear
support and gasket from the wire rope drum.
Remove cotter and washer from planet gear

axle. Pull planet gear and bearing from shaft.
Press sun gear and shaft from gear support.

Removeoil seal, snap ring and bearings frombore
in gear support.

fiGURE N-5. REMOVING CAPSCREWS
1. Wire Rope Drum 2. Gear Support

Remove setscrew from locknut securing the in­
ternal gear to the gear box output shaft. Remove
locknut and "0" ring. Pull cable drum and inter­
nal gear fromgear box output shaft.
If equipped with double row tapered roller

bearing remove the locking setscrew from the
locknut on the gear box side of the cable drum.
Remove locknut and oil seal. Move to the other
side of wire rope drum and pull internal gear from
wire rope drum.
Remove snap ring from gear box side of bore

and pull bearing assembly.
Pull inner bearing cone frominternal gear shaft.

Inner bearing cup, outer bearing cone and cup
will remain in wire rope drum bore.

f1GURE N-6. GEAR SUPPORT, REMOVED
1. Wire Rope Drum 3. Output Shaft
2. Internal Gear 4. Gear Support

5. Planet Gear
6. Sun Gear

Reassembly
Clean all parts thoroughly in cleaning solvent.

Inspect gears for broken, chipped or cracked
teeth. Check bearings carefully. Inspect oil seals
for cracks or dryness. Replace all damaged or
worn parts. Replace all used "0" rings with new
ones.
Replace bearing and snap ring into bore of wire

N-4

rope drum. Place internal gear into wire rope
drum bearing bore (if equipped with double row
tapered roller bearing).
Replace inner bearing cup in bore of wire rope

drum. Position bearing cone on shaft of internal
gear. Place internal gear into wire rope drum.
Replace outer bearing cup and cone.



Install oil seal and locknut over threaded end
of internal gear. Permatex threads of locknut be­
fore installing. Tighten nut until a slight drag is
felt when turning wire rope drum by hand.

Position wire rope drum over gear box output
shaft, engaging splines on output shaft with the
splines in internal gear. Lubricate "0" ring and
place over gear box output shaft. Install locknut
over threaded end of gear box output shaft. Torque
to 2000 ft. lbs. and replace locking setscrew.
Replace bearing, snap ring and oil seal into

bore of gear support; press sun gear shaft into
bore of gear support.
Place planet gears over studs on gear support.

Secure with flat washers and cotters.
Put gasket on rim of wire rope drum and posi­

tion gear support and gears over gasket. Replace
capscrews and lockwashers securing the gear sup­
port structure to the wire rope drum.
Replace brake drum on splined shaft. Grease

"0" ring and position over shaft. Install jam nuts

FIGURE N-7. GEAR SUPPORT PLATE
1. Gear Support Plate 2. Sun Gear Shaft 3. Oil Seal

FIGURE N-I. WIRE ROPE DRUM LOCKNUT
1. Drum 2. Oil Seal 3. Locknut 4. Internal Gear

and torque to 750 ft. lbs.
Place brake band around brake drum and re­

connect linkage. Fill planetary with proper
amount and type of lubricant. See Section "K".

FIGURE N-9. QUICK RELEASEDRUM, SECTIONAL
1. Setscrew 6. Caps crew 12. Sun Gear
2. Locknut 7. Plug 13. Gasket
3. Oil Seal 8. Internal Gear 14. Brake Drum
4. Bearing 9. Planet Gear 15. Gear Support
5. Oiler 10. Washer 16. Wire Rope Drum

11. Coller Pin

QUICK RELEASEBRAKE
Removal and Disassembly

Disconnect linkage and remove nuts securing
brake chamber to scraper yoke. Remove brake
chamber. See Figure N-IO.
Loosen yoke locknut, then unscrew yoke and

locknut from push rod. Remove rubber boot from
cover and push rod.
Unscrew the hex head screws that hold the

cover to the body. They are located on the outside
diameter of the body near the mounting surface.
Remove the cover and the brake chamber re­

lease springs. Unscrew the nuts holding the outer

clamp to the body.
Pull and wiggle the push rod, and the entire

assembly consisting of push rod, push plate, dia­
phragm guide, diaphragm. Inner and outer dia­
phragm clamps should ease out of body.
Straighten out the rolled diaphragm. Remove

outer diaphragm clamp.
Unscrew the nuts inside the diaphragm guide.

Disassemble inner diaphragm clamp, diaphragm
and push plate-push rod assembly from the dia­
phragm guide.
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Reassembly
phragm clamp. Position and install the diaphragm
guide within the diaphragm and over the inner
diaphragm clamp studs. Install the push plate­
push rod assembly within the diaphragm guide
and over the inner diaphragm clamp studs.
Install nuts on the inner diaphragm clamp studs

and tighten securely. Place the assembly consist­
ing of the push rod, push plate, diaphragm guide,
diaphragm and inner clamp inside of the outer
clamp. Roll the free end of the diaphragm back
over the end of the outer diaphragm clamp.
The inside wall of the body should be given a

light application of a good grade of air brake
cylinder grease. The rolled surface of the dia­
phragm also should be given a light application
of grease.
Slide the above completed assembly into the

body, making sure the end of the diaphragm fits
snugly against the shoulder in the body by posi­
tioning the outer diaphragm clamp studs through
the holes in the end of the body. Install nuts on
the outer diaphragm clamp studs and tighten se­
curely. Install release spring over the push rod
against the push plate. Install cover over push rod
and into body. Attach cover to body with cap­
screws.
Install rubber boot over the push rod and attach

to cover. Install yoke locknut and yoke on push
rod.
Replace brake chamber on mounting bracket

and reconnect linkage and air line.

FIGURE N-l0. QUICK RELEASEBRAKE
1. Gear Box
2. Brake Cylinder

3. Brake Band
4. Brake Drum

Clean all metal parts in cleaning solvent. In­
spect the body, inner and outer diaphragm clamps
and diaphragm guide, for cracks or damage. If
found cracked or damaged they should be re­
placed. Inspect the push plate-push rod assem­
bly. Be sure the push rod is not bent, cracked or
damaged. If either of these conditions are found,
replace the entire assembly. Replace the dia­
phragm and rubber boot. Inspect release spring.
If damaged or cracked, replace with correct new
release spring.
Stand the tubular diaphragm on end in the in­

ner diaphragm clamp. The small diameter end of
the diaphragm should be against the inner dia-

(Effective with Serial Suffix BM-2)

Removal and Disassembly
Disconnect air line, linkage and remove nuts

from mounting studs. Remove nut from yoke. See
Figure N-11.
Remove all dirt and grease from exterior of

brake chamber, using cleaning solvent and a
brush. Inspect for broken or damaged parts. All
broken or damaged parts must be replaced.
Mark both the non-pressure plate and the pres-

FIGURE N-ll. QUICK RELEASE BRAKE AIR CYLINDER, EXPLODED
1. Clamp Ring 4. Push Rod 7. Yoke
2. Pressure Plate 5. Spring 8. Pin
3. Diaphragm 6. Non·Pressure Plate 9. Caller
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Reassembly
Rest push rod assembly upright on a flat sur-

face and add seal spring, push rod seal, return
spring, and non-pressure plate complete. Force
down the non-pressure plate until it rests on the
flat surface. Holding the non-pressure plate in this
position, against the tension of the return spring,
clamp the push rod at the non-pressure plate with
vise grip pliers or similar tool. After the push rod
is held secure, place the clamp ring over the
clamping surface of the non-pressure plate align­
ing the marks made before disassembly.
Position diaphragm in the pressure plate and

join with open end of non-pressure plate, working
the clamp ring over the clamping surface of the
pressure plate. With the two halves in this posi­
tion, using the vise grip pliers or similar tool, grip
one set of clamp ring lugs and draw together.
Assemble bolt and nut in the other lug and

secure. Remove vise grip pliers and install re-

sure plate with relation to the clamping ring, so
that the bolts of the clamp ring will be at the same
location when reassembled. This will eliminate
the possibility of installation interference when
the brake chamber is installed on the scraper.
Pull out push rod and clamp it at the non-pres­

sure plate by using a vise or vise grip pliers. This
will relieve the tension of the spring on the dia­
phragm and clamp ring.

Remove the clamp ring nuts and bolts. Spread
clamp ring slightly and push the clamp ring onto
the pressure plate and off of the non-pressure
plate. Remove the pressure plate and the dia­
phragm.
Remove yoke and locknut from push rod. Re­

lease clamp on push rod. Removepush rod assem­
bly, spring, seal and seal spring, from non-pres­
sure plate.

FIGURE N-12. BRAKE ADJUSTMENT
1. Push Rod 2. Locknut 3. Yoke

maining bolt and nut. Tighten each clamp ring
bolt and nut only sufficiently to eliminate leakage
at the clamping ring surface.

BRAKE ADJUSTMENT
Release the push rod yoke locknut. Removecot­

ter and pin securing push rod yoke to brake band
linkage. Adjust push rod so that it has a minimum
travel of l/S" and a maximum of 1/4". When this

adjustment has been obtained tighten locknut on
push rod. Replace cotter and pin securing push
rod yoke to brake band. See Figure N-12.

QUICK RELEASELEVER
Removal and Disassembly

Bleed the air system and disconnect the air
lines at the air valve.
Remove machine screws securing the cover to

the base, remove cover. Disconnect wires to con­
trol switch.
Remove capscrews and lockwashers fastening

the lever base to the control box and remove lever
assembly.
To remove air valve, remove capscrews fasten­

ing valve to base.
Control switch may be removed in the same

manner.
Drive out roll pin locking handle to pivot pin.

Drive pivot pin and bearing from lever and brack-

et. Removelever.
Refer to Page B-17for service of air valve.

FIGURE N-13. QUICK RELEASELEVER
1. Air Valve 3. Handle 5. Adjusting Screw
2. Pivot Pin 4. Control Switch 6. Base
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Reassembly and Adiustment
Reassemble handle to bracket with bearing,

pivot pin, and roll pin. Replace air valve and
switch on base.
Place base on control box and secure with cap­

screws and lockwashers.
Loosenjam nuts and back out adjusting screws.

Pull release lever back until screw head (A) is
against stop (B) with enough pressure to return

the lever to neutral position when released.
Turn adjusting screw (C) down until the control

switch makes a definite "ticking" sound, tighten
jam nut. With lever in this position, turn adjusting
screw (0) down until it is against the stop button
(E), tighten jam nut.
Reconnectwires to switch and air lines to valve.

Replace cover.

AXLE
Removal

Blockup side of scraper fromwhich axle is to be
removed, until wheel rolls free. Bleed the air sys­
tem and disconnect the air line to the wheel brake.
Attach sling to tire. Lift wheel and tire enough

to relieve any strain on the capscrews fastening
the axle blocks to the scraper body. Removecap­
screws.
Removewheel and tire and axle fromthe scrap­

er by pulling straight to the rear. Lay wheel and
tire down so the hub cap is up.
Remove wheel and tire as a unit by removing

the tapered capscrews securing the wheel to the
axle hub. Also remove the capscrews and lock­
washers securing the outside top and bottom axle
blocks together and remove the blocks. Lift wheel
and tire from axle hub. Lift brake drum from axle
hub.
EFFECTIVEWITH SERIAL SUFFIX BM-2
Blockup rear of scraper so that wheel and axle

FIGURE N-14. WHEEL AND AXLE
1. Axle Hub 2. Axle Blocks

to be removed rolls free.
Bleed the air system and disconnect the air line

to the wheel brake.
Position rope sling around tire. Apply enough

lift on the sling to relieve any strain on the cap­
screws fastening the axle blocks to the scraper
body.
Remove the capscrews and lockwashers secur­

ing the inner axle blocks and brake arm to the
scraper body.
Remove the two bolts, nuts and lockwashers

securing the spacer block, axle cap and axle to
the outer mounting block.
NOTE:Latermachineswith BM-2serial suffixwill

have one "U" bolt in place of the two bolts.
Lowerwheel and axle until axle and inner axle

blocks are clear. Pull directly to the rear and re­
move from scraper body. Lay wheel and tire down
so hub cap is up.

FIGURE N-15. WHEEL AND AXLE (BM-2)
1. "U" Bolt 2. Axle 3. Axle Block 4. Wheel

Disassembly
Remove wheel and brake drum as described

above, if not already done. See Figure N-16.
Cut lockwires and remove capscrews fastening

the inside axle blocks together, remove axle
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blocks.
Liftbrake arms and brake fromaxle. See section

"H" for brake removal and disassembly.
Remove capscrews securing retainer ring to



hub, remove retainer, gasket and oil seal. Remove
oil seal from retainer.

Remove capscrews fastening hub cap to axle
hub.
Remove hub cap, oil seal and gasket. Remove

nut and caps crew from axle nut and back nut from

axle.
Pull hub, outer bearing assembly and inner

bearing cup from axle. Pull inner bearing cone
and oil seal boss ring from axle. Remove outer
bearing assembly and inner bearing cup from hub.

Reassembly
Clean and inspect all parts thoroughly. Check

bearings for damage or excessive wear. Check oil
seals for stiffness, cracks or damage. Replace all
damaged or worn parts.
Pack bearings and axle shaft with wheel bear­

ing grease.

FIGURE N-16. AXLE ASSEMBLY, REMOVED
1. Axle Blocks 3. Brake Drum 5. Hub Cap
2. Brake Arm 4. Hub 6. Axle

Press oil seal boss onto axle shaft until it is
against machined shoulder on axle. Place oil seal
into retainer and position retainer and oil seal
over oil seal boss. Lip of oil seal should be point­
ing toward outer end of axle. Put gasket on
retainer.
Press inner and outer bearing cups into axle

hub. Put inner bearing cone onto shaft.
Replace axle hub over axle shaft (hub cap end

up>.Pack axle hub approximately 112 full of wheel
bearing grease. Install outer bearing cone and
axle nut. Tighten axle nut until bearing cones are
seated in their cups and a slight drag is felt when
turning the hub. Install and tighten lock boIt and
screw in axle nut.
Place oil seal into hub cap. Replace gasket and

The scraper is equipped with a three piece
blade. Each piece is self sharpening and reversi­
ble. The scraper blades should be changed before
they wear back into the blade base. Otherwise, the
blade base or scraper bottom may become perma-

FIGURE N-17. WHEEL AND AXLE ASSEM8LY
1. Axle Block (Bollom) 6. Brake Arm 11. Pipe Plug
2. Oil Seal 7. Gasket 12. Axle
3. Retainer Ring 8. Hub 13. Nut
4. Capscrew 9. Brake Drum 14. Bearing
5. Axle Block (Top) 10. Hub Cap 15. Wheel

hub cap and secure with capscrews and lock­
washers.
Mount brake drum, wheel and tire. Replace

wheel and axle assembly on machine.
Those scrapers equipped with 27.00-33 tires

have a spacer block mounted on top of the outer
axle mounting blocks, held in place by the axle
mounting boIts (or "U" bolts>. To lower the axle,
the spacer blocks must be removed from the top of
the block and installed between the upper and
lower outer axle blocks (see Fig. N-1S>'
The inner axle blocks must be reversed to keep

the axle properly aligned. The smaller upper
blocks then become the lower blocks, and the low­
er blocks become the upper blocks.
The position of the brake arm must also be

changed. They must be moved down and bolted
through the lower mounting holes in the scraper
plate.

BLADES
nentIy damaged.
To change blades, hoist the scraper body and

apron to a height that will allow sufficient clear­
ance to work. Next block the apron and bowl as a
safety measure, and remove the blade boIts.
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When installing the new blades into position,
hard faced side up, use a round drift punch, if
possible, to help in lining up the bolt holes. Use
new bolts whenever a blade is changed.
To reverse the blades, remove the old blade

bolts and discard. Use new bolts.
Next, turn the blades over-hard faced side up

--and install the left blade tip on the right side,
and the right blade tip on the left side. This will
assure uniformwear.
Then reverse the center section so the hard

faced side is up.
Periodically check the scraper runner,rail shoes

for wear. If worn down almost to the runner rcdl,
the old shoes should be removed and new ones
welded or bolted on. The shoes prevent wear on
the scraper rails and scraper sides while the blade
is in the ground,

N-IO

FIGURE N-18. SCRAPER BLADES
1. CenterBlade 2. EndBlade
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MODEL B REAR DUMP

FIGURE 0-1. MODEL B TOURNAPULL WITH REAR DUMP

SEPARATING TOURNAPULL AND REAR DUMP
Crib up under nose of Tournapull, using good

solid cribbing. Construct cribbing carefully. Block
Tournapull wheels, front and rear.
Raise bowl slightly until nose of Tournapull is

resting on the cribbing and the tension is relieved
on the body down wire ropes.
Remove cotter, nut and pin from wire rope an­

chor on front of bowl and remove wire rope. If the
wire rope is to be replaced. remove wire rope
clamp fromwire rope and pull free. While yoke is
in the slightly raised position, place blocks be­
tween yoke and body stops. Depress bowl control
switch in the cockpit. This will payout hoisting
wire rope and lower the body on the blocks. The
blocks will prevent the down limit switch from
opening the circuit to the bowl motors.
After the bowl has come to rest on the blocks,

operate motor until hoisting wire rope has com­
pletely unwound from drum. Loosen locking set­
screws from dead ends on each of the two wire
rope drums. Removewire rope. If hoist wire rope
is to be replaced. it may now be removed from
around the equalizer wheel at the rear of the rear
dump body.
Open air tank bleeder valves on the Tournapull

and rear dump air tanks to bleed the air system.
Disconnect air lines to rear dump at the couplings
on the yoke structure.
Disconnect the cables at main switch box ter­

minal strip and pull cable frombox.
Place chain hoist about the yoke structure and

apply only enough tension to relieve any strain
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on the yoke mounting bolts. Position blocks under
the steering trunnion to prevent its tipping when
the trail unit is disconnected.
Cut the lockwires and remove the bolts fromthe

upper and lower bolt bar plugs. Separate the two
units and lower yoke and bowl until both are rest­
ing on ground.

FIGURE 0-2. WIRE ROPE DRUM
1. Body Hoist Rope
2. Dead Ends

3. Body Down Rope
4. Yoke

Disconnect wire to rear light. Disconnect air
lines to wheel brakes and air supply tank.
Attach hoist to yoke arm structure to prevent

yoke from dropping when caps are removed. Take
up the slack in the hoist. Remove the capscrews
and lockwashers securing the yoke arm caps to
the yoke arms. Remove caps and shims. Keep
shims together for replacement. Lift yoke arm
away from body.



ASSEMBLING YOKE ARM
Thoroughly clean bnll, socket and cap.
Raise arms with hoist until sockets on arms fit

against balls on bowl.
Place cap over exposed side of ball on one side.

Place enough shims between cap and socket to

make ball a snug fit. Secure with capscrews and
lockwashers. Torque capscrews to 360 ft. lbs.
Lubricate thoroughly. See section "K" for cor­

rect amount and type of lubricant.

BODY HOIST UNIT
The body hoist unit consists of two motors and

gear boxes, No.6 gear unit and wire rope drums.
To remove body hoist unit first disconnect the

conductor cable from the terminal strip on the
bottommotor.
Remove cover from motors. Fasten chain hoist

around the unit and remove the four bolts securing
the gear unit to the yoke. Lift gear unit, motors

FIGURE 0-3. BODY HOIST UNIT
1. Motors 2. Cover 3. Geor Unit 4. Wire Rope Drum

ELECTROTARDER
The electrotarder group is made up of these

grid assemblies mounted in a case. Each grid as­
sembly consists of resistance grid plates which
are connected in series. The electrotarder is con­
nected to the three phase output terminals on the
transformer strip by means of a main switch. The
main switch is operated by a toggle switch in the
cockpit.
When loaded machines are operating down

grades, the load has a tendency to push the ma­
chine. This will force the machine to overspeed,
thus causing the machine to go beyond safe oper­
ating speeds unless the wheel brakes are applied

and wire rope drum away fromyoke.
Remove the capscrews fastening the wire rope

drum to the No. 6 gear unit axle and remove wire
rope drum.
Refer to section "J" of this manual for removal

and disassembly of the motors, gear boxes, and
gear unit.

FIGURE 0-4. ELECTROTARDER
1. Cover Plates 2. Grid 3. Support Rods

to hold the load.
The electrotarder is placed on the rear dump as

an additional means of slowing down the ma­
chine. Operated by the switch in the cockpit, the
electrotarder is a resistance which when added to
the generator circuit, places a load on the gen­
erator, thereby slowing down the rotor. Since the
generator rotor is part of the power train, this will
cause the machine to slow down.
The electrotarder is mounted on the rear dump

yoke arm. The case can be removed after discon­
necting the leads to the grids and removing the
mounting capscrews.

Disassembly
Remove the top and front cover plates.
Remove the nuts from the support rods which

secure the front support plate in position or the
rear plate, depending upon whichever is closer to
the point to repair.
Removenuts, steel spacers and insulation wash-

ers fromsupport rods.
Be sure to note the relative position of the spac­

ers, both mica and steel, and grids so they can be
replaced in the same order as removed.
Repeat the same procedure for each grid assem­

bly.
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AXLE

Disassembly

Reassembly
Clean and inspect all parts thoroughly. Replace

all parts that are worn or damaged.
Hand pack bearing with wheel bearing grease

{medium}before reassembly.
Replace inner bearing retainer and roller bear­

ing into axle housing. Align hole in bearing race
with lockbolt in axle housing. Tighten bearing
race lockbolt.
Replace gasket, retainer and oil seal. Lip of

oil seal should be toward center of the trail unit.
Secure with capscrews and lockwashers.
Replace axle shaft into bearing and axle hous­

ing. Install ball bearing on axle and replace the
axle nut. Torque axle nut to 450 ft. lbs. and install
cotter.
Replace gasket and hub cap. Secure with cap­

screws and lockwashers.
Remove pipe plug from axle housing and fill

housing approximately 112 full with wheel bearing
grease {medium}.Replace plug.
Replace wheel and tire.

Raise wheel and tire from ground by blocking
beneath the axle housing. Removewheel and tire
from trail unit.
Remove capscrews and lockwashers securing

hub cap to axle housing, remove hub cap and gas­
ket. Drive out the large cotter from the axle and
nut. Removeaxle nut.
Move to flange end of the axle and pull axle

from housing. Removecapscrews and lockwashers

FIGURE 0-5. AXLE REMOVED
1. Caps crews
2. Retainer

3. Oil Seal
4. Bearing
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securing retainer from housing. Remove retainer,
oil seal and gasket from housing {Fig.0-5}'
Back out the bearing race lockbolt from axle

housing, and pull inner bearing retainer and roll­
er bearing from axle housing {Fig.0-6}'
Fromopposite end of housing remove the double

row ball bearing.
Refer to section "H" for removal and disassem­

bly of the wheel.

FIGURE 0-6. INNER AXLE BEARING
1. Bearing 2. Axle Housing

FIGURE 0-7. AXLE, SECTIONAL
1. Hub Cap 5. Lockbolt
2. Coller 6. Bearing
3. Axle Nut 7. Capscrew
4. Gasket 8. Oil Seal

9. Retainer
10. Axle
11. Grease Filling
12. Bearing



EMERGENCY BRAKING SYSTEM
Operation

The rear dump is equipped with an emergency
air braking system which includes; a governor, air
cleaners, air filter, tractor protection valve, air
supply tank and relay valve in addition to the reg­
ular air brake system.

Assuming the foot treadle valve is open and
delivering air to the brakes in a steady applica­
tion, and that the leakage through any broken
line will sufficiently load the compressor so it
cannot build up pressure in the main air supply
tank.
If either or both of the air lines to the rear dump

wheel brakes (A and B) break, the air pressure
in the main and emergency air tanks will drop to
90 p.s.i. (the minimum setting of the protection
valve governor). The tractor protection valve will
close; closing the service and emergency lines to
the rear dump. The main air tank minimum pres­
sure will be 90 p.s.i., the emergency tank will be
empty. When the air pressure in the main air tank
builds up to 120 p.s.i. (maximum setting of the pro­
tection valve governor), the emergency and serv­
ice lines to the rear dump are opened and the
cycle repeats. 90 p.s.i. minimum air pressure is
available in the main air tank for the operation
of the Tournapull brakes.
If either or both of the air lines to the Tourna­

pull brakes (C and D) break, air pressure in the
main and emergency air tanks will drop to 90
p.s.i. With the pressure at 90 p.s.i. the tractor pro­
tection valve will close, closing the service and

_-----;;---~- 7 _- ,, ,
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FIGURE 0-8.
A. RearDumpBrakeLine
B. RearDumpBrakeLine
C. TournapullBrakeLine
D. TaurnapullBrakeline
E. EmergencyAir Line
F. ServiceAir Line

EMERGENCY BRAKING
1. Main Air Tank
2. Governor
3. Quick ReleaseValve
4. HandBrakeValves
5. FootBrakeValve
6. DoubleCheckValve

SCHEMATIC
7. WheelBrake
8. Air Strainer
9. TractorProtectionValve
10. EmergencyRelay

Valve
11. EmergencyAir Tank

emergency lines to the rear dump. The rear dump
brakes will automatically be applied with 90 p.s.i.
air pressure from the emergency tank. The main
air tank will continue to empty. There will be no
minimum air pressure in the main air tank for
application of the Tournapull brakes.
If the emergency line (E) to the rear dump

breaks, the rear dump brakes are automatically
applied with 145 p.s.i. air pressure from the emer­
gency air tank. The main air tank pressure will
drop to 90 p.s.i. and the tractor protection valve
will close, closing the service and emergency lines
to the rear dump. When the main air tank pressure
builds up to 120 p.s.i. the tractor protection valve
opens and the rear dump brakes exhaust. and
the cycle repeats. 90 p.s.i. minimum air pressure
is available in the main air tank for operation of
the Tournapull brakes.
If the service line (F) to the rear dump breaks

the rear dump brakes exhaust and the main air
tank pressure drops to 90 p.s.i. The tractor protec­
tion valve closes, closing the service and emer­
gency lines to the rear dump. Rear dump brakes
are automatically applied with 145 p.s.i. air pres­
sure from the emergency tank. When main air
tank pressure builds up to 120 p.s.i. the tractor
protection valve opens, rear brakes exhaust and
the cycle repeats. 90 p.s.i. minimum air pressure is
available in the main tank for operation of the
Tournapull brakes.

/-----~--- -~-------," \I I
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TRACTOR PROTECTION VALVE

Removal and Disassembly
Bleed the air system. Disconnectair lines to the

tractor protection valve. Remove mounting bolts
and removevalve frombracket.
Remove all dirt or grease from the exterior of

the valve by using cleaning solvent and a brush.
Inspect body of valve for cracks or breaks. If dam­
aged in any way, the body mustbe replaced.
Removethe four capscrews and lockwashers se­

curing the cover to the body. Remove the cover
and grommet. Lift service disc valve spring, disc
valve, disc valve seat, grommet, emergency valve
spring, and emergency and exhaust valve from
body. Remove grommet from emergency and ex­
haust valve stem.
Remove cap nut securing cap to body and re­

move cap. Lift diaphragm and exhaust valve
plunger assembly and exhaust valve plunger
spring from body. Removeexhaust plunger grom­
met. Remove cotter and slotted nut securing fol­
lowers and diaphragm to the exhaust valve plung­
er. Removefollowers,grommet and diaphragm.
Mark springs when disassembling in order to

get the right spring in the right location when re­
assembling valve.

FIGURE 0-9. TRACTOR PROTECTION VALVE
1. Cap
2. Cap Nut
3. Grommet
4. Discharge Valve Seat
5. Valve
6. Cover
7. Spring
8. Capscrew

9. lockwasher
10. Emergency and Exhaust Valve
11. Body
12. Exhaust Valve Plunger
13. Follower
14. Diaphragm
15. Nut
16. Coller

Reassembly
Clean all metal parts in cleaning solvent. In­

spect all valves and seats for damage or wear. If
either the seat or valve is damaged or worn, the
seat or valve or both must be replaced. Check fit
of exhaust valve plunger in body. It should be a
neat sliding fit.
Check fit of emergency and exhaust valve in

disc valve seat guide. It should be a neat sliding
fit.
Carefully install new greased grommets in the

grooves on emergency and exhaust valve, and
diaphragm and exhaust valve plunger assembly.
Place follower, diaphragm, grommet and upper

follower on exhaust valve plunger and secure in
place with hex nut. Insert cotter pin securing hex

nut in place.
Place lubricated disc valve seat grommet in

body. Place emergency valve spring and emer­
gency and exhaust valve in guide portion of the
disc valve seat.
Place emergency and exhaust valve and disc

valve seat in body. Hold in place and install cover
grommet, service disc valve and disc valve spring.
Position and hold the cover on body while install­
ing lockwashers and capscrews. Place exhaust
valve plunger spring and exhaust valve plunger
assembly in body. Position and hold cap over dia­
phragm and exhaust valve plunger assembly and
install cap nut securing cap to body.

EMERGENCY RELAY VALVE

Re_"oval and Disassembly
Open drain cocks and bleed the air system.

Disconnect the air lines from the relay valve. Re­
move mounting bolts and remove valve from the
air tank.
Removefour capscrews and lockwashers attach­

ing relay valve to emergency valve. Removegas-
0-6

ket and separate relay valve from emergency
valve.
RELAY VALVE
Remove all dirt and grease from exterior of

valve, using cleaning solvent and a brush.
Inspect the exterior of valve for broken or dam-



FIGURE 0-10. REMOVING DIAPHRAGM GUIDE
1. Dampener 2. Diaphragm Guide

aged parts. All broken or damaged parts must
be replaced.
Remove capscrews securing cover to body. Re­

move cover, diaphragm, diaphragm ring, and
bleeder passage grommet frombody.
Using fingers, pull the diaphragm guide and

dampener out (Fig. 0-10).
Unscrew the supply valve cap nut and remove

the supply valve spring and supply valve.
NOTE:Do not remove supply valve seat bushing

unless replacement is absolutely necessary. Re­
move the bushings by pressing out through the bot­
tomof the body.

EMERGENCY VALVE
Remove pressure regulating cap and lift out

pressure regulating spring and shims from the
cavity in the cap nut. Do not misplace any shims
as the same number must be replaced in the valve
during assembly. Lift out diaphragm: seal ring.
Lift out pressure regulating diaphragm assembly.
The pressure regulating valve seat bushing

should not be removed unless it has to be re­
placed. If this bushing has to be removed, it will
have to be drilled out.
Remove supply cap nut and strainer from emer­

gency valve cover.
Remove check valve cap nut. Lift out check

valve guide, and check valve from cavity in the
emergency valve body.
Remove the emergency valve cover from body

by removing the four capscrews. Remove emer­
gency valve spring fromvalve body.
Remove emergency valve cap nut. Using screw

driver to keep the upper emergency valve stem
from turning, remove the emergency diophroqm
retaining nut. Remove diaphragm follower, dia­
phragm and lower emergency valve. Remove up­
per emergency valve.
Do not remove emergency valve seat bushing

unless replacement is absolutely necessary; when
necessary, remove the bushing by pressing out
with a tap through the emergency valve cap nut
hole.

FIGURE0-11. RELAY VALVE, EXPLODED
1. Nut 6. LowerGrommet 11. Pipe Plug 16. Supply Valve Seat
2. Lockwasher 7. Diaphragm Guide 12. Gasket 17. Supply Valve
3. Cover 8. Guide Ring 13. Adaptor 18. Supply Valve Spring
4. Diaphragm 9. Stud 14. Capscrew 19. Supply Valve Cap Nut
5. Diaphragm Ring 10. Body 15. Grommet

Reassembly
RELAY VALVE
Position supply valve and spring and install

supply valve cap nut. Tighten supply valve cap

nut securely.
Position guide ring in groove of diaphragm

guide and holding it in place with the fingers,

0-7



FIGURE 0-12. EMERGENCY VALVE, EXPLODED
1. Cap Nut 7. Emergency Valve Body 13. Cover Body 19. Locknut
2. Upper Emergency Valve 8. Lower Emergency Valve 14. Air Strainer 20. Diaphragm Ring
3. Disc Valve 9. Diaphragm 15. Valve Seat 21. Pressure Regulating Spring
4. Check Valve Guide 10. Diaphragm Follower 16. Valve 22. Shims
5. Stud 11. Locknut 17. Follower 23. Cap
6. Valve Seat 12. Emergency Valve Spring 18. Diaphragms 24. Pin

push diaphragm guide into place.
Install bleeder passage grommet in body. In­

stall diaphragm rings. Install relay diaphragm.
Install cover in body.
Use care to see that bleeder passage openings

in body, diaphragm ring, diaphragm, and cover
line up.
Install lockwashers and tighten nuts securely.

EMERGENCY VALVE
Holding check valve cap nut so that threads

are up, place check valve guide in groove in cap
nut and place check valve in guide. Then, holding
emergency body upside down, screw check valve
cap nut into body. Tighten securely.
Position upper emergency valve in valve body.

Install lower emergency valve, diaphragm, and
diaphragm follower on the emergency valve stem.
The curved side of lower emergency valve and
diaphragm follower must be against diaphragm.
Install emergency diaphragm retainer nut. Hold
valve stem from turning with a screwdriver (Fig.
0-13) and tighten nut screw securely.
Position strainer in the emergency valve cover

and install supply cap nut. Tighten securely.
Position the pressure regulating diaphragm as­

sembly in emergency valve body being sure edges
of diaphragms are beneath the end of the pin.
Position diaphragm ring so that curved side is to­
ward diaphragm and notch in the ring engages
the pin. Position same number of shims and same

0-8

spring that were removed during disassembly in
the pressure regulating cap, and screw cap into
position. Tighten cap securely.
Position emergency valve spring under the

emergency diaphragm retaining nut. Carefully
line up holes in emergency diaphragm with holes
in emergency body and install emergency cover.
Securely tighten the four cap nuts and lockwash­
ers that hold cover to body.
Before installing emergency valve cap nut,

make sure that emergency valve can moveup and
down freely without binding. Install emergency
valve cap nut, tighten securely.
Using a new gasket, position relay valve and

emergency valve and install and tighten four cap­
screws and lockwashers attaching relay valve to
emergency valve.

FIGURE 0-13. INSTALLING EMERGENCY DIAPHRAGM
1. Diaphragm 3. Nut
2. Diaphragm Follower 4. Screw Driver
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MODEL B CRANE

FIGURE P-l. MODEL 8 TOURNAPULL WITH CRANE

SEPARATING TOURNAPULL AND CRANE

ELECTRICMOTORS AND GEAR BOXES
Removal

CARRIAGE
Tilt the carriage track toward front of the ma­

chine until it has come to rest on the stop block
on the carriage tongue.
Lash carriage track to the tongue as a safety

precaution. Lower the boom and carriage struc­
tures to a point just short of activating the down
limit switch and lash into place. By doing this the
boom motor can still be operated. Press the "car­
riage down" control switch until the wire rope has
completely unwound from drum. Loosen setscrew
from rope dead end and remove wire rope.
Remove lock setscrew fromwire rope drum lock­

nut. Back off locknut and pull drum free of the
gear box output shaft.
Disconnect the electric motor leads at the motor

terminal strip. Remove cable from cable clamp.
Fasten a rope sling around motor and gear box.

Apply only enough tension to relieve any strain

Block up front of Tournapull using good, solid
cribbing. Construct cribbing with considerable
care to eliminate the danger of the rig moving
forward and off of the cribbing. Block the Tourna­
pull wheels, front and rear, to further lessen the
danger. Apply parking brake.
Raise the boom in the carriage track to the

limit of its travel. Tilt carriage track forward until
it comes to rest on the stop block on the crane
tongue.
Disconnect the electric cables to the a.c. electric

TRAVELING HOOK
Lower hook to the ground and release the wire

rope from rope dead end along side the sheaves
on the end of the boom structure.
Press "hook up" control switch on the control

panel until the wire rope has rewound on the
drum.
Remove setscrew from wire rope drum locknut

and remove locknut. Pull rope drum fromgear box
output shaft.
Disconnect leads from electric motor terminal

strip. Release the cable from cable clamp on the
motor cover.
Fasten a rope sling around the motor and gear

box. Apply only enough tension to relieve any
strain on the mounting capscrews. Removemount­
ing capscrews and lockwashers and pull unit
away from crane. Place on bench or stand for fur­
ther service or disassembly.
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motors and limit switches from the main switch
boxes. Bleed the air system and disconnect the air
lines to the crane wheel brakes at the connection
on the steering trunnion.
Fasten chain hoist to crane tongue and apply

only enough lift to relieve the tension on the bolt
bar plug bolts. Remove the bolt bar plug bolts
securing the crane to the Tournapull. Separate the
two units. Place stand beneath crane tongue, or
lower unit to floor.



on the mounting capscrews. Remove mounting
capscrews and lockwashers and pull unit away
from crane. Place on bench or stand for further
service or disassembly.

BOOM
While carriage track is in the position described

for carriage motor and gear box removal. press

the "boom down" control switch until all the wire
rope has unwound from the drum. Loosen the set­
screw in the rope dead end and pull free.
Proceed to remove motor and gear box as de­

scribed above.
Refer to section "I" of this manual for further

disassembly of the a.c. electric motors and gear
boxes.

TRAVELING HOOK
Lower the hook to the ground and free wire

rope from dead end on boom structure. Rewind
wire rope onto drum.
To disassemble sheaves, pull cotter pin and

drive out sheave pin. Lift sheave wheel fromstruc­
ture and remove bearing.
This hook is a non-removable swivel-type and

does not require disassembly.

WHEELS AND BRAKES
Refer to section "H" of this manual for proced­

ure and instructions on removal and disassembly
of the wheels and wheel brakes.

AXLE
Removal

Remove wheel and tire as described in section
"H". Also refer to section "H" for wheel brake
removal.
Remove capscrews and lockwashers securing

hub cap to the axle housing. Removehub cap and
gasket.
Remove cotter from end of axle shaft and re­

move axle nut. Pull axle fromhousing.

From opposite end of axle remove the cap­
screws and lockwashers fastening the retainer to
the axle housing. Remove retainer, gasket and oil
seal. Refer to Figures 0-5 and 0-6.
Back out the bearing race lockbolt from the

housing and pull the inner bearing retainer and
bearing fromhousing. Removethe double row ball
bearing from the opposite end of the axle housing.

FIGURE P-2. AXLE, SECTIONAL
1. Hub Cap 4. Gasket 7. Capscrew 10. Axle
2. Caller 5. Lockbolt 8. Oil Seal 11. Grease Filii ng
3. Axle Nut 6. Bearing 9. Retainer 12. Bearing

Installation
Clean and inspect all parts thoroughly. Replace

all parts that are damaged or worn. Hand pack
bearings and axle with wheel bearing grease
(medium) before reassembly.

Replace inner bearing retainer and roller bear­
ing into axle housing. Tighten down bearing race
lockbolt.
Replace gasket and bearing retainer and secure

P-3



to axle housing with capscrews and lockwashers.
Install oil seal in retainer.

Replace axle shaft into housing. Install ball
bearings on opposite end of axle. Replace axle nut
on axle and torque to 450 ft. lbs. Replace cotter.

Replace gasket and hub cap over axle nut and

secure with capscrews and lockwasher.
Remove pipe plug from axle housing and fill

housing approximately lf2 full of wheel bearing
grease (medium).

Complete reassembly of brake, wheel and tire.

TRACK AND BOOM STRUCTURES
With the carriage track in an upright position,

lower the boom to a point just short of activating
the limit switch. Disconnect the leads from the
traveling hook electric motor terminal strip and
free the cable from clamps alongside the track
structure.

Lash the boom and carriage structure to the
track and release the carriage wire rope from the
dead end at top of track. Rewind the wire rope
on drum.

Fasten a chain hoist about the carriage track
and boom structure and then release the carriage
tilt wire rope from dead end alongside of crane

tongue sheaves. Rewind the wire rope onto the
drum taking care to keep track structure in an up­
right position. Disconnect the leads at the two
limit switches located on the cross members of
the track structure.

Take up enough slack on the hoist to relieve
any strain on the track hinge pins. Remove the
cotters from each hinge pin and drive out pins.
Exercise caution when these pins are removed as
the carriage track and boom may tilt abruptly.

Lower the boom structure and track to the
ground and separate the two units.

OVERLOAD LIMIT SWITCH
An overload limit switch arrangement is at­

tached to the boom wire rope to prevent lifting
loads beyond the rated capacity of the machine.

One end of the boom wire rope is attached to a
sliding clevis on the switch operating lever. When
the line pull on the wire rope exceeds maximum
limit. the pull on the lever arm overcomes the
resistance of a spring in the spring pipe and the
spring is compressed.

As the spring compresses the inner pipe and
switch discs move toward the limit switches, con­
tacts and depresses the switch plungers, and
opens the "hook up", "carriage up" and "boom
out" control circuits. As a result only movements
possible after the limit switch has been opened
by the above action are lowering the carriage and
hook or moving the boom in, thereby reducing the
distance between the load and the centerline of
the crane axle.

When the line pull is reduced, the spring over-

FIGURE P-3. OVERLOAD LIMIT SWITCH
1. Switch 3. Adjusting Screw 5. Clevis
2. Jam Nut 4. Spring Pipe 6. lever Arm

comes the pressure of the lever, moving the inner
tube away from the switches and closing the con­
trol circuit so that normal operation can again be
resumed.

Adiustment
Position carriage and boom so that the distance

from the center of the hook to the centerline of the
crane axles measures 20'.

Attach hook to 28,500 pound load. Hoist load a
short distance. Loosen jam nuts on three adjust­
ing screws. Turn each adjusting screw until its
respective switch plunger is pushed in and makes
a "clicking" sound. Do not bottom switches. Tight-
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en jam nuts.
If spring does not compress enough for the cap­

screws to depress the switch plungers, lower the
load to the ground. Loosen the lock screws on the
slide and move it away from the lever arm pivot
point to increase the line pull on the lever arm.
Tighten the lock screw and readjust.
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