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CLUTCH ASSEMBLY

CPERATION AND MAINTENANCE

Each carrier is equipped with a 2 plate direct acting heavy
duty clutch assembly. This type of clutch requires no maintenance
other than normal lubrication and adjustment. The system utilizes
hydraulic pressure as. a means of transmitting clutch pedal movement
to the clutch release mechanism. It consists of a pedal operated
master cylinder and a 81lave cylinder, interconnected with hydraulic
lines. The clutch pedal is connected to the master cylinder push-
rod and the slave cylinder pushrod is connected to the clutch throw-
out lever. '

Maintenance

In order to maintain a satisfactory clutch operation, the system
should be checked a serviced periodically for:

1. Proper level of brake fluid in master cylinder. Once a
year drain and flush system and refill with new brake fluid.

2. Inspect system for leakage and correct immediately.

3. Make sure return spring at slutch slave cylinder is not
weak or broken.

4. Check and adjust linkage if necessary.

Clutch Linkage Adjustment
Two adjustments are required to obtain correct clutch operation.

(A) Master cylinder pushrod and
{B) Slave cylinder pushrod.

The purpose of the master cylinder pushrod is to make sure the
piston is resting all the way back against the piston stop. The
clearance between the pushrod and cylinder piston is about 1/8" or
1" free play in the pedal movement. The clearance between the slave
cylinder piston and the pushrod connected to the clutch lever shoula
be about 1/4" to 5/16".

NOTE: Before making any adjustments make sure system is free of air
and the master cylinder filled with brake fluid.
Bleeding System

The need for bleeding air from the hydraulic clutch system 1s
generally indicated by a sponge pedal action.

A leaking line or presence of air is the result of a low fluid
level in the master cylinder.
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Chéck for leaking hose or' fittings and replace where necessary.

Retighten all connections.

A bleeder valve is provided at the slave cylinder close to the

clutch housing.

n be slipped over the valve and the system

A bleeder hose cCa&
hen bleeding hydraulic brakes.

bled by the same method as w

O



OUTRIGGER OPERATION

To operate the hydraulic outriggers, apply the emergency
brakes, place the gear shift in the '"Neutral" position and idle
the engine using the hand throttle at 1000 R.P.M. Place the hyd-
raulic selector valve in the "Outrigger" position.

Located on each side of the machine are three hydraulic valve
levers, Above each set of levers is & pedal plainly marking the

operation of each lever. Please note that the outriggers are operated

independently on each side of the vehicle. To avoid accident it
is not possible to operate the outriggers on the "Off-Side" without
going to the opposite side of the vehicle.

NOTE: Do not 1lift the vehicle higher than necessary to obtain
a level operation. One inch under the tires is sufficient for good
operation. -

After retracting the outriggers, ensure that the "Hydraulic
Selector Valve" is returned to the "Power Steering" position before
attempting to move the vehicle.

GEI‘JERAIJ &

The best operating speeds for highway driving are between
230 and 40 M.P.H. Severe 'Down-Shifting' is not recommended at high
speeds. Operation at high speeds on the highway usually creates
excessive tire wear and heating. When operating on long trips it
is suggested that the tires be checked for heat build up every 30
to 45 minutes of travel. "DO NOT OVERLOAD THE MACHINE". It can
only result in high cost and possible accidents.
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The following simple steps and precautions should be taken =

HYDRAULIC OUTRIGGER OPERATION

" prior to operating the hydraulic ocutrigger system:

1.

Check oil level in hydraulic tank. with outrigger beams
retracted and vertical jacks ngp" the oil level should be
approximately 1" below the filler. -

Check that all control valve levers are in the neutral position
"centre down'. :

e hydraulic selector valve located in cab in the'out"

Pla
sition.

C
posi

With gear shift in neutral, start engine.

The engine should be permitted to warm up for approximately
3 to 4 minutes or until such time as the heat gauge registers
approximately 1607.

' Operation of the outriggers should be carried out as follows:

1.

Set the engine throttle control for 800 - 1000 rpm. If
carrier is without tachometer, this is the "high idle" (AW
position. -

Do not rev the engine since this creates foaming of the
hydraulic oil and will not increase the speed of operation.

Remove floats from their racks and fit to the ball end
of the vertical hydraulic jacks.

Operate hydraulic valves located on either side of carrier

to extend outriggers.

Do not continue to operate beyond the maximum extended position
since this provides for excessive opening cf the pressure
relief valve and places high stress on the hydraulic pump.

Operate vertical jacks in accordance with the instruction
plates located above the hydraulic valve levers and level
the carrier with the tires approximately 1" from the
ground.

Do not raise the carrier in excess of the 1" clearance
mentioned above since this provides for high bending stresses
to the vertical rams with increased wear on the seals.

Check each cylinder for any possible '"creep" and when sat-

isfied the engine may be switched off and the crane is ready

for operation. ,(:\
)



HYDRAULIC OUTRIGGER SERVICE

Prior to the initial operation of the hydraulic outrigger
system and at approximately thirty day intervals, the following in-
spection should be carried out:

1. Check o0il level in reservoir which should be
maintained approximately 1" below the filler
with outriggers retracted and vertical jacks in
the "Up" position.

5. Check tension of pump drive belts and tightness
of pulley on pump shaft.

3. Visually check all lines for possible damage,
fitting leaks, dented tubing etc.

4. TInspect vertical jack ram assemblies (fully ex-
tended) for possible damage, scratches or other
marks which may tend to score the lower oil
seals. Minor scratches may be stoned with fine
grade carborundem, however, major damage should be
reported to the factory at the earliest opportunity.

5. Lubricate outrigger rollers located in the bottom
of each tox assembly and insure that they are not
frozen to the shaft.

6. Check each float head assembly for possible damage
and insure that the locking pins are still attached
to their chain and retain the float to the jack
when lifted from the ground.

7. Check levelling devices for possible damage or
misalignment and if necessary use an engineer's
level to ascertain their accuracy.

SPECTAL NOTE: The hydraulic system is filled with Shell Dgnax
T6 hydraulic oil for normal winter temperatures down to 10°
below zero and Tellus 15 insummer. Eaoulpment destined fgr
operation in areas where the tmeperatures fall below -10
should be filled with Aeroshell #4. Do not, however, mix
hydraulic fluids since each oil maintains its own rust and

"oxydation 1inhibitor and damage to the pump may occur.
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CAUTION NOTES FOR MAINTAINING AIR BRAKE SYSTEMS

- : o '(i)

pefore attempting to work on an air brake system, certain pre-
cautions should be observed since the compression and storage of
air may be compared to the energy -in a coiled spring and, when released,
may present a hazard if not properly recognized. The wheels of the
vehicle should always be blocked by some means other than the air
brake system so that depletion of air will not permit the vehicle
to roll.

In draining the system, do not 1ook into the air jets or direct
them toward a person as dirt or sludge particles.may be entrained
in the air stream. Hoses which contain air pressure should not be
disconnected under pressure since they will whip as air escapes from
the line. Follow manufacturers' recommended prodedures -in-working
on any air device so as to avoid injury or damage from parts which,
when released, are subject to mechanical (spring) or pneumatic
propulsion. = As system pressure is drained and the emergency brakes
apply, hands should be away from brake chamber push rods and spring
actuators which will apply automatically with the loss.of pressure.
This also applies when checking service brake system.

Reservoirs which are closest to the sources of compressed alir
(compressors or auxiliary sources) should contain a safely valve in
known vorking order and sufficient capacity to limit the reservoir
pressure to s safe maximum level. Old, used reservoirs should not
be used as replacements. The safety valves should not be reset (A)
higher than specified by the reservoir manufachturer, vehicle man- -
ufacturer, or code to which the reservolr had been manufactured.
Various actuators contain large internal steel springs that require
special disassembly procedures. Note and be guided by the warning
tags on such units.

o
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ADJUSTMENT PROCEDURE FOR THE ATR-SHIFT

Position shift lever (in cab in "Neutral).

Disconnect Rotating Cylinder No. 7 (Drwg. 16062-21-6)
from lever No. 3 by removing clevis pin No. 9.

Loosen locknut No. 29 on front of Indexing Cylinder No. 16«

With air system pressurized, check 1f there is alr pressure
on Port No. 7 (Drwg. 16089-21-7). If yes, then indexing
cylinder No. 16 should be in neutral position.

Move lever No. 3 by hand back and forth, while maneouvering
indexing cylinder No. 16 slightly forward or backward by
turning indexing cylinder shaft until lever No. 3 can be
moved freely through its entire travel range.

Once this center position has been established, retighten
locknut No. 29 and again check for free movement of lever
No. 3 and repeat procedure under point 5 if necessary.

Reconnect Rctating cylinder No. 7 to lever No. 3.

Test system by actuating shift lever in Cab and if satis-
factory conduct roac test.

Other causes of malfunction can be traced to either of two areas:

a)

b)

All

loose mechanical linkage parts within the remote control
tower or the shift bar housing of the transmission and
air pressure losses in the system due to obstructions or
leakage. '

of these problems can ke located and remedied by checking
through the system step by step.

Repair kits are available for the»dylinders and shift valve.
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SPECIAL NOTES ON "AIR SHIFT" A

If you have not driven an Air-Shift before, please take time
out to insure that you are familiar with its operation. An "Air-
Shift" is not a "Power-Shift". The transmission is a normal mech-
anical type, but the gears are engaged by air cylinders. When
using the Air-shift, the clutch must be used in the normal manner
and 'Double De-Clutching' should be used.

A red light is fitted in the 1lnstrument panel to indicate when
the transmission is in the 'Neutral" position. Since the Air-Shift
has a fixed speed of operation it is necessary to 'Hesitate' in
neutral as you shift from one gear to the next. Do not attempt to
move to the next gear until the Red Light is "On™. "DO NOT TRY TO
PRE-SELECT!" This will only cause damage to the transmission and
drive line. The normal sequence of operation is as follows:

A. Depress clutch and select first gear (Red Light Out).

B. Release clutch and increasse speed.

C. Depress clutch, move shift lever to the neutral position
(Red Light On) and hesitate 2 seconds.

D. Release clutch, depress again and select next gear (Red
Light Out).

E. Release clutch and proceed as zbove.



/ "‘\\

4-13

INDEXING CYLINDERS

Indexing Cylinders (2") have been developed to service the
industrial reguirement of remote shifting transmissions. Most
automatic transmissions ‘are particularly adaptable to to this
arrangement as well as are synchronized mechanical gear boxes.
Power-takeoff units and clutch controls on drum winches use air
shifting to advantage because the operator is usually working in
a cab or platform not close to the machinery.

when air pressure is applied to the appropriate port, the
cylinder will travel to a certain definite position. The type of
control valve reguired will depend on the holding characteristics
of the shift mechanism. (1) If mechanical positioning by the shift
rail poppets will hold the elected position, then simple push-
button air control valves are satisfactory. (2) If the mechanism
requires constant air pressure to maintain position, then rotary
or over-center air valves are required.

Most types of popular air controls must also rely on the
sction of several air shuttles to route air pressure to the
proper cylinder ports. The shuttles are available from the Williams
Industrial cataleg cor pre-plumbed with the cvlinder as "complete klts*
ready for use. The use and supply of the cylinders reguires customn
tailoring to the installation. Several popular models are listed for
reference. ‘When ordering units please specify (1) model number and
(2) stroke increments.
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COOLING SYSTEM

@

Each vehicle is fitted with a 'Pressure Circulating'system provided
with a pressure radiator cap which has been pre-set at the factory.
Permanent type 'anti-freeze' has been added to the water prior to
shipment in order to protect the engine block and heads at all
times under temperatures down to ~40°F. 1In conjunction with the
radiator system the engine manufacturer has incorporated a termperature
controlled 'thermostakt' so as to maintain a through put equivalent
to the heat dissapation ofothe enging, The normal engine running
temgerature is between 165°F and 175 F for gasoline engines and
170°F and 185" F for diesel engines.

CAUTION
Do not drive the vehicle with a cold engine
as this will greatly reduce the life of the
cylinder liners and other reciprocating parts
of the engine.

It is important that the correct amount of 'anti-freecze' be

maintained in the system and the density should be checked

periodically during winter and summer. Too much anti-freeze will

cause overheating of the engine and poor performance. It is

recommended that twice yearly the cooling system should be drained

and flushed with a checical solvent to remove rust particles and

other sedimentation. (:)
A periodic inspection of the fan belts, hose connections and

radiator shutters (when fitted) should be carried out to ensure

efficient operation of the cooling system.

TROUBLE SHOOTING

Problem Possible Cause Remedy

Loss of water Loose Hose Clamps Tighten or Replace
Broken Rad. Core Remove & Repair
Leaking Water Pump Check seal & Replace
Damaged Head Gasket Replace Gasket

Overheating Blocked Rad Fins Steam out & Clean
Jammed Shutter Free & Lubricate
Sticky Thermostat Replace Thermostat
Too Much Anti-freeze Drain & Refill
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THER-MECH AUTOMATIC RADIATOR SHUTTER

WITH AUTOMATIC MODULATED CONTROL

Shutter Unit:

The vanes are made of extruded aluminum alloy and are mounted in
5/16" nylon bearings. Shutters located in rear of busses are subject
to adverse condition, must be checked and cleaned at regular inspections.
chutter should be opened and closed manually to note that vanes op- -

erate absolutely free. Vane bearings should be washed with cleaning

fluid and blown out with air. Do not lubricate nylen vane bearings.

Automatic Control

The thermostatic element is mounted in either top or bottom
tank of radiator or in housing and operates shutter by thermal
expansion. The control is so arranged that shutter will completely
open in approximately 8 to 10 degree range. The thermostat opens
shutter and is closed by return spring. Control should be adijusted
so that shutter is closed when engine is cold. A small spring 1is
provided so as to return piston of thermostat if shutter should be
held open while engine cools. However, should piston be in extended
position when cold it is necessary that thermostat be heated to
operating temperature before attempting to return. Cover radiator
completely and bring temperature to normal. Then apply spring
tension and piston will reutrn when engine cools. If thermostat is

removed, heat in circulating water and apply spring tension until it

cools. Never force piston back when cold as serlous damage will
result. Should the piston not reutrn to proper height, the necprene
diaphragm may be ruptured and thermostat will have to be replaced.
Failure of thermostate will always be in extended position, shutter
open. Do not discard thermostat because plunger is extended.

Follow instructions above.

Maintenance:

The thermostat should be checked annually. Remove piston and
clean thoroughly and lubricate with Dow Corning #200 Fluid or '
3ilicone Grease Cadillac Co. No. 3940. when removing piston carefully
note if small disc (Anti-friction washer) is stuck to lower end,
if so, replace in thermostat. This is very important. BEe sure that
piston is free from dirt or abrasive material. Examine shutter to
note that the vanes are free and do not bind in any way. Check
adjustment of control to note that when shutter is closed (engine cold
less than 150°) there should be little or no clearance in travel of
control rod. A few drops of oil on pins and bearings of control
will improve shutter operation and increase the life of thermostat.
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TYPE "C' UNIVERSAY JOINT AND SHAFT ASSEMBLY

TNSTALLATION - (»)

The first operation is to attach the fitting yokes to the
two shafts to be connected. Care should be used when doing this,
so as not to nick or bend the flanges to which the bearings are
fastened. Then the yoke retaining nut tightened to prevent it
coming off the shaft: see £i8. 1. . ' '

The next operation is to bring one end of the universal joint
and shaft up against one of the fitting yokes: see Fig. 2. It
will be noted that one of the bearings is inserted in the key-
way in the ycke with the male arcuate pilot of the bearing resting
on the female pilot of the yoke. Due to the fact that there are
cork’ packings between each of the bearings and the trunnions on
which they fit, thls cork packing must be compressed a certain
amount, vefcre it is possible to enter the male arcuate surface
of the other bearings with the yoke nilot on the opposite side.

This should be done by clamping the two opposite bearings
with a "C" clamp. Then push the bearings into the yoke pilot and
keyway. Do not attempt to put the bdts through intoc the bearing
until both of the bearings have found their seat con the yoke surface.
The bolts are then inserted through the yoke and screwed into the

pearing: see Fig. 3. "It will be noted that the pair of bearings s
at each end of the shaft that are to assemble to the end yokes, are ﬁ7
neld in place by means of a weld wire. (’

The weld wire-has no effect on the uriiversal joint action and
need not be removed. Rather it should remain in place to hold the
bearings on the spilder trunnions should the universal joint have to
be disassembled. Then tighten the four bolts securely. After one
end of the snhaft has been put in place, the shaft can be compressed
in the slip joint to permit raising the other end of the shaft and
then, coming forward against the yoke member, proceed exactly the
same as stated above.

Should it be necessary to disassemble the joint for some reason
or another - for instance, to replace a spider or bearing - it is
only necessary to remove the eight bolts (4 per each ycke), compress
the shaft assembly in the slip joint and remove the spider and the

four bearing assemblies.

It may be that some of the bearings are tight in their res-
pective pilots and key seats, which will make it necessary to tap the
top of the bearing slightly, in order to release it. Then, the
spider and bearing assembly can be replaced in part, or as a com-
plete unit. :

When installing a doukle universal joint assembly, it is im-
portant that bhoth of the universal joints operate at equal angles. It
is also important that the slip joint be assembled to the slip stub
so that the slip yoke and the yoke welded to the tube are in the <:v
same plane: see fig. 4 & 5. /
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LUBRICATION

Universal joints requiring a grease lubricant should be
jubricated with any good grade of "OM chassis lubricant.

Grades 1 and 2 may'be required for use in hot weather and
KReavy duty service. A good grade of 140 mineral oil is also approved.
The lubricant should be a high melting point fine fibre grease.

The interval between lubrications depends on the types of
service. An interval of 400 hours between lubrications is generally
satisfactory for normal service. A 100 hour interval is recom-
mended for heavy duty service.

When subjected to extremely severe conditions, more freguent
lubrication may be reqgured

Lubrication must be done with a low pressure hand type grease
gun or a high pressure gun with a low pressure adapter only!!!
High pressure will rupture the cork seals.
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- Angles AN must be os nearly
equal os possible for uniferm
ongular velocity of driven
shafl.

Trunions TR must be in the
same plane, not at right
_ angles to each cther.

CE __I Trunions TR must be in the

same plone, nol et right
angles lo each other.

CE

Angles BN must be as nearly
equal os possible for uniform
engular velocity. They ore equal
when dimensions CE ore equal.
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TORQUE PRCCEDURE FOR CAST WHEELS

One of the primary causes of misalignment of tire and rim
assemblies mounted on spoke wheels is improper tightening of
wheel studs. Incorrect torque on a dual spoke wheel can result in
over 3/4 of an inch wobble; causing accelerated torgue-loss and
severe tire wear.

Recommended procedure for torqueing cast wheels is by
"trianqulation". As 1ndicated by the photograph at left, this
triangulation procedure 1is as follows:

1. Turn nut #1 uantil snug.

5. Rotate the wheel/rim assembly until nut #3 is 1n the top
position. Turn till shug. :

3. Again rotate the wheel/rim assembly until nut #4 is in
the top oosition and turn the nut till snug.
Since the entire weight of the tire/rim assembly is on the ’
top spoke position, this procedure allows even application of force
against three points of the rim for proper allgnment. '
4. Repeaht the triangle procedure; this time bringing each nut
to recommenced torgue.

5. Bring remaining nuts to recommended torque.

Even when the triangulation method is used nuts will stiil lose
toruge when the vehicle is operated. This is caused by the "seating
in" of the rim assembly to the wheel. After 50-100 miles of operation
the nuts should again be brought to recommended torque. The wheel/
rim assembly will then remain tight, barring accidents such as stud-
breakage or clamp failure.

‘This procedure should be followed every time a tire/rim
assembly is put on a spoke wheel.
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TORQUE TABLE fart
, : Stud or Bo  Recommended
- ! APPLICATION . Size and Torque in
. i Thread Foot Pounds
|
‘ LIGHT TRUCKS o
‘ - % 20 75-85
1" 20 75-85
%" 18 80-90
%” 18 140-170
w16 250-300
: HIGHWAY VEHICLESTruck-Trailer-Bus
“With Disc Wheels
'Budd Standard Mounting — countersunk holes 37 16 450-500
Budd Standard NMounting — countersunk holes 1%" 16 -450-500
Motor Wheel Studs % 18 175-225
Motor Wheel Spoksteel Studs—Straight stud holes 3" 16 300-350
Motor Wheel Bus—Front Wheels and single rear 78" 14 325-375
Motor Wheel Bus—Dual rear wheels %" 14 350-460
Back Nuts—on inner end of wheel stud 34" 16 175-200
Buck Nuts—on inner end of wheel stud %" 14 175-200
With Cast Wheeis )
With Cast Wheels—Demountable Rims %" 13 90
With Cast Whee!s—Demountable Rims 5" 11 150-175
With Cast Wheels—Demountable Rims 3" 10 175-200 -
id” j
\_
OFF THE ROAD YEHICLES
With Disc Wheels :
Budd Standard Mounting, countersunk holes 3" 16 450-500
Budd Studs—that use back nuts 1%" 16 450-500
Budd Studs—with' heads—no back nuts 1" 16 650-700C
Budd 3" studs with % or 17 back nuts 1" 16 650-700
Budd Heavy Duty Mounting W 12 750-900
Budd Heavy Duty Mounting 1% 12 750-800
Back Nuts on inner end of wheel stud %" 14 175-200
Back Nuts on inner end of wheel stud 1" 14 175-200
With Cast Wheels
With Cast Wheels—Demountable Rims —» 3" 10 225
With Cast Wheels—Demountable Rims 1" 8 450
With Cast Wheels—Demountable Rims 17 14 450

‘AGRICULTURAL WHEELS
, " 20 75-85

Non Reversible Wheels %" 18 80-90
‘With Reversible Wheels

Garden Tractor % 20 40-50
‘Light Duty Disc B 20 45-55
Heavy Duty Disc ¥ 20 70-80
Light Duty Disc %" 18 60-70
Heavy Duty Disc %' 18 70-80
Heavy Duty Disc 5" 18 85-100
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VALVE MAINTENANCE AND RECONDITIONING

Very little maintenance is required to keep the power
steering valve operating properly. The internal parts
are hordened steel and ground to a precise finish,
therefore wear of the working parts is negligible.
Foreign matter, such as dirt ond grit in the hydraulic
system, will score the polished surfaces of the piston
and body and will cut the seals. This results in leakage
and thus reduces the power needed for effective
steering.

When it becomes necessary to service and recondition
the valve, the following procedure will apply:

Disconnect the hydraulic lines from the valve. Note
the position in which each line is connected to the
valve so each can be reassembled in the same position.

To disconnect the valve, remove the cotter pin and
end plug. Fig. 1. Remove the ball socket end plug
lock and the socket end plug. The valve can now be
removed from the steering arm of the vehicle. Dis-
connect the other end of the drag link from the steer-

ing arm.

S

=]
/uuc LINK

Figure 2

The ball socket must be disassembled before the body
can be removed from the housing. Place a punch into
oil passage hole in the piston to hold the piston from

turning. Fig. 3. Remove the nut from the ball socket

end of the piston. This requires a %" hex socket and
a 4" extension. Remove the ball socket and ball socket
bearing.

Figure 1

Hold the valve in a vise for disassembly. Clamp only
in the center of the housing as this is the heavier
section.

The lock ring has been crimped into a noich in the
drag link adopter. Streighten the ring, then remove
the adapter with a pipe wrench. Fig. 1.

When removing the piston, first move it toward the
gland end of the body just far enough to permit re-
moving the O-ring seal. Then move the piston in the
opposite direction just far enough to permit removing
the O-ring seal from the other end. Now slide the
piston out from the gland end of the body. Fig. & shows
the valve completely disassembled.

Figure 5
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The valve body assembly can now be removed from
the housing. Fig. 4. The housing contains a snap ring
that provides a stop for the valve body. It is not

necessary to remove this snap ring.

. VALVE HODY ASSEMBLY

HOUSING

~ [ i “ 2
] & ok M f/:ﬂw
BALL SOCKET /@
BALL SOCKET EEARING
[ B e
Figure 4

To disassemble the valve body and piston, hold it in
a vise. Fig. 5. Place o punch in the oil passage hole in
the piston to keep it from turning and remove the
nut from the gland end of the piston with @ %" hex
socket.

Remove the washer. Hold the piston in the body and
remove the gland, the two reaction rings and the
spacer. Do not try to remove the gland and piston to-
gether as the O-ring seals on the piston will be
damaged in doing so.

Fox

"‘ff\

Y S -
£ v LOCKNUT—" g (@
e WASHER™ =
: ’-'. GLAND
e T QP e VALVE PISTON

G
!95 CTION_RING sucalci\ ;3 o
: ‘\Qsl\on e

Figure 6

INSPECTION AND RECONDITIONING

Clean and wash all parts thoroughly in solvent or
kerosene. Handle the parts separately and carefully
to avoid damaging the finished surfaces. Wear of parts
such as piston, reaction rings and valve body is negli-
gible as these parts operate in circulating oil. It is
impractical for a field service shop to altempt to meas-
ure wear. Therefore a careful visual inspection of all
parts is most important.

Examine the surfaces of the piston and the bore of the
body for scoring or damage that may have been
caused by foreign matter in the fluid. Parts that are
badly scored and scratched should be replaced. light
scralches can be removed by polishing with fine crocus
cloth. Do not “round-off’ or chamfer the port edges
of the piston or body. These edges should remain
sharp to insure proper sealing. I they are broken the
result would be excessive leakage and reduced
hydraulic power.

O-Ring seals should be examined carefully for dam-
age. If surface is rough or cut it should be replaced.




REACTION RINGS

SPRING

- Figura 7

VALVE REASSEMBLY

Hold the valve body in a vise as illusirated in Fig. §
and install the valve piston. Insert the piston into the
gland end of the body for easy assembly. Install an
O-ring on the piston opposite the gland end first
and move the piston into the body just far enough
to permit installation of an O-ring on the gland end
of the piston. Now center ihe piston on the body by
having the shoulder on the gland end of the piston
flush with the bottom of the counterbore in the body.

CAUTION — When installing the O-ring seals on the
piston, do not move the piston in the body any farther
than is required to assemble the seal. If the seal on the
gland end of the piston drops into cavity in the body, it
is likely to be cut or damaged. Apply light lubricating
oil to the piston and seals when assembling.

Install the two O-ring seals on the gland end of the
pision.

install the O-ring seals on the two reaction rings. Insiall
one ring on the piston, then install the gland in the
body and the second reaction ring on the end of the
piston, l

If the valve gland is furnished with & compression
spring, Fig. 7, install the spring in the gland between
the two reaction rings and assemble over the piston.

If the valve gland is furnished with a spacer, instail
the spacer in the gland between the two reoction rings
and assemble in the body. )

Install the washer and nut and torque nut to 30-35
foot pounds.
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SPACER

Figure 8

To hold the pistan stem from turning while tightening
the nut, place a punch in the oil passage hole in the
piston as shown in Fig. 3.

Place the body assembly in the housing and assemble
the drag link adopter with the lock ring and tighten
enough to hold the body in position. Be sure the
interior of the housing is cleaned and that no obstruc-
tion will prevent the body assembly from bearing
against the stop ring in the housing. This can be
observed through the opening in the housing.

Place the assembly in a vise with the ball stud opening

in the housing facing upward. CAUTION — Clamp
only in the center of the valve as this is the heavier
section.

Place the ball socket bearing Fig. 4, in the ball socket.
The counierbored side should face toward the socket
opening.

Assemble the socket in the housing and secure with
o nut, Torque the nut to 30-35 foot pounds.

Now fighten the drag link adapter. Torque to 170-
175 fool pounds. Bend the edge of the lock ring into
a slot in the rim of the adapter.



CARRIER AND
RELATED COMPONENTS
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FRONT AXIE ASSEM3ILY

Following removal of front axle from machine, the following steps should be
followed:

DISASSENBLY:

Remove the bolts (11) and the hub cap plates (63 and (64), Then loosen and
_remove the cotter pin and the wheel bearing nut and washer (4,6) and (47). Brake
arum and front wheel spoke assembly can then be removed (61) and (62).

Further disassembly of the brake drum and the front wheel assembly can be
accomplished by removing brake drum bolt, locknut and lockwasher (60)., Bearing
cups and cones and hub seal can also be removed (48), (49) and (67).

The steering knuckle assembly can then be reroved by first removing the
ad justment parts such as the air chambers, hydraulic lines or fittings, etc.,
that mizht cause an obstruction to the knuckle pin., Disassembly can then be
accomplished by removing the screw, lockwasher, dust cap and gasket (26),
(27), (28) and (29) from the top ard the bottom of the steering knuckle. femove
the drawkey nut (10) and tap out the knuckle pin drawkey (8) and -(9) from the
small end using a brass hammer on the threaded end, Tap out the knuckle pin
(22) by using & bronze drift. Tift off knuckle assembly (20) and also the
thrust bearing and shims (32), (33), (24) (25), (30) and (31).

The ecross tube assembly (3) can be removed by removing steering arm nut and
cotter pin (32) and (29) from both ends. Tift off cross tube assembly., It may
be necessary to tap the thread on the vertical socket (5) and (6) with a brass
hammer,

Stesring arm can be removed by removing the steering arm key, nut and cotter
pin (L0), (41) and (42). The ball stud (43) cen be disassembled by removing the
cotter pin and ball stud nut (k%) and (L5).

i o

CISANING, INSPACTION AND RAPAIR:

This should be followed in accordance with the outline in the Front Ax]le
Field lMaintenance Manual located in back of this manual..

REASSEMRLY

Reassembly should be done in the reverse order of the disassembly,

@,
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See operation and maintenance books in Section A for disassembly and assembly

AIR BRAKE ASSEMBLY

procedures for:

1.

Stopmaster Brake

Rear Axle - Unit "P" Series Brakes
Szfety Brake Chamber

Standard Air Chamber

% = 7 Dual Brake Valve with Pedal
Basic & ~ 7 Dual Brake Valve
felay Valve

Governor Type D=2

]
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CLUTCH RELEASE PA RTS
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CLUTCH REIEASE PARTS

MASTER CYTINDZR

. DISASSEMBLY

Disconnect and cap line to naster cylinder insuring that no foreign matter
enters the system, ‘

Remove mut, rubber bumper, and clutch pedal stop bracket (6) & (7). Remove
clevis pin and cotter pin (23 and clutch pedal retaining pin, screw and washer
(3), (4) and (5). Clutch pedal (2) can now be removed,

Remove bolts to disconnsct master cylinder (8)., Coprer gaskets, bolt and
connector (12), (14), (15) and (16) can be removed from the master cylinder,

CTEANING, INSPECTION & REPAIR

Clean all mebtal parts in an approved cleaning solvent and dry with compressed
air, Replace any damaged or worn parts,

REASSEMBLY

Do in the raverse of the disassembly.
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CLUTCH RELEASE PARTS
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CLUTCH RSIEASE PARTS

SILAVA CYLIMNDER

DISASSEMBLY

Disconnect and cap off line to slave cylinder, to insure that foreign
particles do not enter the system.

Disconnect and remove spring (16). Remove clevis and pin (6) & (7). Loosen
nut and remove clutch pedal arm (18) spacer (17) and clutch pedal lever (3).

Remove screw, washer and nut (8), (9) and (10) to remove slave cylinder (2).

Geskets, connector, bolt and adapter (11), (12), (13), (14) and (15) can then
be removed. '

CTIANING, INSPECTION & REPAIR

Clean all metal parts in an approved cleaning solvent and dry with compressed
air, Replace any damaged or worn parts,

REASSEMBLY

Do in raverse of the disassembly.



O

(7D
9
O

ALTERNATIVE ASSEMBLY ‘ C)

- FRONT _ SUSPENSION ASSEMBLY




TorROUE ROD ASSEMBLY
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REAR SUSPENSION ASSEMBLY




O

TORQUE ROD ASSEMBLY




( T ) REAR SUSPINSION AND TORCUE ROD ASSAIBLY

DISASSEMBLY
1. Remove locknut (6) from ball stud (4) on torque rod assembly.

2, Remove oil seal (3) and retaining ring (2) allowing removal of ball
stud and bearing (5).

3, Remove spherical cover (1).

L, On rear suspension assembly, torque rod assembly (12) and (14) may
now be removed. :

5. Remove lower saddle (not shown) releasing pin (3) and thrust washer (4).

6. Remove hex bolt (16), adaptor (15) and bushing (17) allowing removal of
equalizer beanm (1). '

7. HRemove bushing (13) from equalizer beam,

CILEANING, INSPECTION AND REPATR

1. Clean all metal parts in an approved cleaning solvent; dry thoroughly
(» with compressed air.

2, JInspect all bushings for cracks and wear.

3, Check all other parts for damage.

ASSEVBLY

1. Reassemble all parts in reverse order of disassembly.

5-13
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FRONT WHEEL ASSEMBLY
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DISASSENBLY

The wheel clamp (15) can be removed by removing the wheel stud nut (16).
Removing this nut will also allow removal of the rim assembly (19), (20) & (21).

Remove hub cap (1) gasket (1a) and hub cap bolts (18). MNext remove wheel
bearing nut (2) and washer (3). Spoke wheel (6) can then be removed.

Disassembly of spoke wheel can be accomplished by using a suitable puller

to remove the outer bsaring cup and cone (L) & (5) and also the inner bearing
cup and cone (9) & (10). The oil seal (11) will also then be Joose,

CLEANING, INSPECTICN & REPAIR

Clean all parts completely with a suitable solvent and inspect for damage
and wear, Replace any necessary parts. Hepack wheel bearings with suitable
wheel bearing grease.

Done in the reverss of the disassembly,
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REAR WHEEL ASSEMBLY




RTIAR VHZET, ASSEMBLY

DISASSIMBLY

P—

Remove the rim clamp nuts (9) and the rim clamp (10) to allow removal of

¢

the rim asserbly (25), (27), (28) and (29).

Remove hub cap kit (25) oil seal (1) ring and cork assembly (2) and the
outer oil seal (3)., Remove outer nut (4) washer (5) and inner nut (6).

Wheel hub (13) and brake drum (J4) assembly can now be removed, Brake drum
(14) can be disassembled from the wheel hub (13) by removing the drum bolts (20),

Disassembly of the wheel hub (13) can be accomplished by using a suitable
puller to remove the outer bearing cup and cone (7) & (8) end also the inmer
bearing cup and cone (15) & (16). The inner wiper (17), irmer oil seal (18)
and the grease guard (19) will have to be removed before removing the inner
bearing cup and cone (15) & (16). ;

CI

&

ANING, INSPECTION & REPAIR

Clean all parts completely with a suitable solvent and inspect for damage
and wear, feplace any necessary parts, Hepack wheel bearings with suitable
wheel bearing grease, /

REASSEMBLY

Done in the reverse of the disassembly,
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AIR THROTTIE ASSEMBLY
REMOVAL

Disconnect and czp off all existing air lines, Plug ports in valve. Hemove
_three mounting bolts and remove air throttle pedal, -

DISASSEMBLY

‘To disassemble treadle pedal (6) remove push rod pin (2), treadle pin (3)
and cotter pins (10)., This will allow removal of pedal (6) and roller (7).
Treadle cover (4) can also be removed if necessary to replace,

Valve assembly (1) can be removed from the mounting plate (5) by unscrewing
the nut on top of the plate which is under a rubber dust boot, .

CLEAﬁIHG, INSPECTION & REPATR

Cean all parts with a suitable solvent. Place a 1light coat of o0il on
moving parts., Replace any parts which appear to be damaged or worn.

REASSEMBLY

Do in the reverse order of the disassembly.
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THROTTIE CYLINDZR
DISASSEMBLY

1. Remove cvlinder cap (15) and lockmut (16) allowing removal of fast idle
spring and piston (9) from cylinder housing (11).

2., Remove grommets (13) and (14) from fast idle piston.

3, Remove set screw (1) from push tube adaptor allowing removal of eadaptor,
take-up spring (3), and oil seal (4) from push tube assenbly (2).

L, Remove push tube assembly and graduating spring from éy}inder housing.
5, Remove nut (19) from piston rod (5) allowing removal of piston cup
follower (8), piston cup (20), piston (21) and piston rod from push tube
assembly,

6. Remove oil seal (7) from piston and grommet (6) from piston rod.

7, TRemove pipe olugs (17) & (18) from cylinder housing.

8, Remove bushing (12) from cylinder housing.

(» CILZANING, TNSPLCTION AND REPAIR

1. Clean all metal narts with an approved cleaning solvent; dry thoroughly
with compressed air.

2. 1Inspect for wear, cracks, distortion, scoring and damaged threads,

3, Replace damaged parts.

ASSEMBLY

1. Reassemble all parts in throttle cylinder in reverse order of disassembly.
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ATRSHIFT ASSEMBLY

Removal

Remove and cap off all air lines. MWMark individual air lines
to identify for reassembly. Remove Clevis Pin (9) and Yoke
Pin (10) to remove Rotating Cylinder Assembly (7). To remove
Shift Cylincder (16) remove Clevis Pin from Bracket (17) and
loosen Locknut (29) and unscrew from Housing (15). The SRC
Slave Unit (1) can be removed from the Transmission by re-
moving the Socket Head Set Screws (27) and Lockwasher (25)s
Unit can then be lifted off Transmission.

Disassembly

The Housing (15) can be removed by releasing the Retaining
Ring (13) and then slipped cff the shaft. The Ball Bushing
(14) can be removed from the 3Shaft (2) by removing the Cap-
screw (21) Lockwasher (25) and Washer (19). Neutral Switch
(12) can be removed by unscrewing it from the Housing (1).

To remove Lever (3) and Lever Clamp (4) from Shaft (2), remove
Capscrew (22) and Washer (25). Disassembly of Rotating-
Cylinder (7) and 3hift Cylinder follow this section.

Cleaning, Inspection and Repair

Clean all parts with a suitable solvent and dry completely
with compressed air. Check all parts for damage and wear,
Replace all necessary parts. Put a light coat of oll on all
rods and moving parts.

Reassembly

Do in the reverse order of disassembly.
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FEATHERING CYIINDER

NISASSEMBLY

1. Remove locknut (17) from tie rod (24) allowing removal of front end
cap (1) and rear end cap (5) from shell (23).

2., PRemove dust boot (18), rod wiper (4), retainer ring (2), and "O" rings
(3) and (10) front end cap. :

3, Remove retaining ring (6), "O" ring (10) and bushing (7) from rear end
cap.

L. Remove locknut (16) from piston rod (19) allowing removal of piston
half (12), piston ring (13), washer (14), center sesction (11), spring
retainer (22), spring (20), and spring retainer (21).

5, Remove roll pin (9) and stop ring (8).

6, Remove "U" cup (15) from piston halves.

7. Remove "O" ring (10) from center section.

CTRANING, TNSPECTION AND RIPAIR

1. Clean all metal parts with an approved cleaning solvent; dry thoroughly‘
with compressed air,

2, Inspect all parts for wear, scoring, distortion and damaged threads.

3., Replace all damaged parts.

ASSEMBTY

1. Reassemble feathering cylinder in reverse order of disassembly.
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Cylinder *‘complete kits" are pre-plumbed
with Y% polyethelene tubing.

CINDEXING  CYLINDER _KIT

O



TMDEXING CYTINDER KIT

DISASSEMBLY
1. Mark all tubing connections to ease in reassembly in respective places.

5. Disconnect tubing (7) at fitting (3) from check-valve (2) and cylinder
assembly (1).

3. Femove cotter pin () from clevis pin (5) allowing removal of clevis (L4)
and jam nut (12). '

L. Remove elbow (11) from check-valve,

5, Rermove locknut (12) allowing removal of washer retainer (9) and washer (10).

CLEANING, INSPACTION AMD REPAIR

1. Clean all metal parts with an approved cleaning solvent and dry thoroughly
with compressed air, _

2, 1Inspect all parts for wear, cracks, and damaged threads.

3, Replace all damaged threads,

ASSEVRLY

1. Reassemble all parts for cylinder kit in reverse order of disassembly.
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AIR SHIFT CONTROL ASSEMBLY

DISASSEMBLY

1., Remove lever knob (28) from control lever (25) allowing spring (27)
and tube assembly (25) to be removed. ,

2, Remove shift select cover and retaining rings (24),

3, Remove cotter pin (1) and lever pin (17) allowing removal of control
lever,

). Remove roll pin (3) permitting removal of control lsver from cone (6)
and clevis (2).

5, Remove shaft (22) and "O" rings (8) from shaft,
6. Remove covers (4) and (7) from body (21) allowing removal of selector
arm (14), selector shift (10), ball (13), control spring (16), insert valve

(15), "0" ring (11) from insert valve and washer (12).

7. Remove "O" rings (8) from selector shift, and plugs (9) from selector
arm,.

8. Remove body from bottom plate (19), gasket (20) and "O" ring (18) from
cottom plate, o

CIEANING, INSPTCTION AND REPAIR

1., Clean all metal parts with an approved cleaning solvent and dry thoroughly
with compressed air.

2. TInspect all parts for wear, cracks, scoring, and distortion.

3. Replace all damaged parts,

ASSEMBLY

1. Reassemble all parts in reverse order of disassembly.



2897 SERVICE KIT

3" Diameter Cylinder
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STEERING CVIJlNDL.R ASSEMBLY

SERVICE INSTRUCTIONS

Disassembly

To service the cylinder, first remove the snap ring from the
head.

Push the head into the cylinder about one-half inch or far
enough to permit removal of the snap ring from cylinder tube.

By pulling the rod outward, the head, and piston and rod
assembly can be removed as a unit.

The head can now be removed from the rod

The rod seal and washers can be removed from tne head by taking
out the retaining ring.

Examine the piston and piston rings for damage.
These parts should he replaced if they are worn or badly scored.

If the piston is removed from the rod, the copper washer seal
- {part number 22131) should be replaced with a new -onsa.

‘ Inspect the inner wall of the cylinder body for scoring.
Light scratches on the wall can be removed by buffing with crocus
cloth.

Examine the O-Ring seal for cuts and abrasions on the outer
surface that would cause -leakage.

The rod seal assembly (D-W Seal) should be examined carefully
for damage.

If the sealing edges of the neoprene ring are cut or worh,
leakage will occur.

The nylon wedge ring and gland act as a rod scraper and if the
edges are broken or '"notched" foreign matter will enter the seal
cavity. : .

Wash and clean all parts thoroughly in solvent or kerosene
before reassembly. -

Check the rear pin and universal block for wear. The pin should
fit snugly when assembled in the cylinder base and universal block.



53

Reassembly : _ ' (i)

Lubricate all seals and parts with light oil before assembly.

Tnstall the rings on the piston having the joints positioned
opposite each other.

A standard ring compressor will be required for assembling
the piston and rod assembly in the body.

Install the washers and rod seal assembly in the head and secure
it with the snap ring.

Install the O—Ring seal on the head.

Wwhen assembling the head into the body, move it slowly so the
0-Ring will not be damaged as it passes the port hole in the body.

Install the snap ring in the body. Pull the rod outward to
force the head against the snap ring.

Install the spiral lock ring on the head.
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G 2| STEERING VALVE




STEERING VALVE

Removal

Disconnect all hydraulic lines and cap them off to insure
that they will stay clean. Tag all lines to insure proper
hook up at reassembly. Remove Cotter Pin (27) and Back Off
Ball Socket Plug (25) until you are able to slip it off the
Ball Stud. Remove Hex Head Capscrew (1) and unscrew entire
assembly from Draglink.

Disassembly, Cleaning, Inspection and Repair

Refer to the Service and Maintenance Instructions Booklet
in the back of this manual.

O
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STEERING COLUMN  ASSEMBLY
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TURN SIGNAL AND COLUMN ASSEMBLY

@

DISASSEMBLY INSTRUCTIONS

Remove horn button cap and emblem assembly (1 & 2) by twisting
counterclockwise. Remove contact cup (3), spring (4). Examine
base plate assembly (6) for torn rubber segments and to replace,
remove screws (5) and (5A). -

Remove wheel nut (7).

rRemove wheel (8). Examine contact ring (9), if necessary to
replace, remove drive screws (10). ‘

Remove spacer (11) and spring seat (12).

From lower end, remove dust cap (25), spring (24), spring
seat (12), and -pry out pearing (13). Disconnect wires of horn
contact roller assembly (21) and directional switch assembly (22).
remove wheel tube (14) from jacket tube (23) and turn signal housing
assembly (16).

To remove directiond switch assembly (22) and switch lever (18),
remove screws (1%) and screw assembly (17).

To remove norn contact roller assembly (21), pull out with (:?
pliers, taking care not to damage bakelite shell or cut horn wire -
cable.

To remove turn signal housing (16) from jacket tube (23),
remove clamp bolts (15) -

To remove or replace upper bearing (13) press out of turn
signal housing (16).

Caution: Press only against outer bearing shell.

REASSEMBLY INSTRUCTIONS

Pressing only against outer shell, assemble upper bearing (13)
into position in turn signal housing (16).

With clamp bolts (15) assemble turn signal housing (16) to
jacket tube (23), taking care to position housing for alignment
of directional switch wiring.

Assemble directional switch assembly (22) by feeding wires and
horn contact roller assembly wire (21) through opening in turn signal
housing and through wire trough in jacket tube (23) taking care to
position plastic wire protector over wires. Assemble switch assembly
(22) and switch lever (18) using screws (19) and (17).

)
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Press horn contact roller assembly into bore of turn signal
housing (16).

Slide jacket tube assembly (23) down over wheel tube (14).

Pressing against outer shell, assemble bearing (13) into
lower end of tube (23). Assemble spring seat (12), spring (24},
and dust cap (25). Note: Wrap tape around wheel tube (14) to hold
parts in position. .

Assemble contact ring (9) to wheel (8) using drive screws (10)
and base plate (8) using screws (5) and (5A).

Assemble spring seat (12) and spacer (11) over wheel tube (14).

Remove tape and assemble wheel (8) to wheel tube (14) with nut
(7). (Tighten to 55-65 foot pounds). '

Assemble spring (4), contact cup (3), and horn button cap
assembly (1) and (2) by pushing down and turning clockwise.
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DISASSEMBLY

1. Remove mounting screws (la) allowing rermoval of worm cover (1), shims
(2 - 2d), adjusting cup (3), and bearing (L)«

2., Remove pitman arm nut (5a), lockwasher (5b) and pitman arm 2llowing
removal of worm assembly (5), bearing (L), bearing cup (6) and oil seal (7).

3, Remove mounting screws (16b), and adjustment nut (17) allowing reioval
of shaft cover (16), sasket (15), bearing (16a), retainer (14}, thrust
washer (13), adjusting screw (125 o ring (12a), worm shaft (11), bearings

(10) and oil seal (9).

bl

L. Remove filler plug:(ea) and vent plug (8b) and dowel (18), ' _ ;

CTEANING, INSPECTION AND REPAIR

1. Clean all metal parbts with an approved cleaning solvent; air dry
thoroughly with compressed air.

2, Inspect all parts for wear, cracks, and distortion,

3, Replace all damaged and worn parts.

AS3EMBLY

1. Reassemble all parts in steering gear asssembly in reverse order of
disassembly, '
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BLVAIL GAARBOX ASSEMBLY

DISASSEMBLY
1. Remove hex.bolt (11), lockwasher (12), cover plate (6) and gasket (&),

5, Remove retaining ring (7) allowing removal of shaft (2), key (9),
thrust washer (4), miter gear (5) and-bushing (3).

3, Remove plug (10) from housing (1).
P

CLEANING, INSPECTION AND REPAIR

1. Clezn al parts with an approved solvent and dry thoroughly with
compressed air.

2, Inspect all parts for wear, distortion, and cracks.

3, Replace all defective parts.

o

ASSEMBLY

1. Reasserble gearbox in reverse ordsr of disassembly.
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OUTRIGGER ASSEMBLY

Removal

Disconnect and tag all hydraulic lines. Attach chain to
lifting lugs and secure to 1ifting crane. Remove Wedge
Pin (5) from both sides of Outrligger Assembly. Remove
Outrigger Assembly.

Disassembly

Secure chain around Vertical Cylinder Assembly (1) and re-
move bolts holding cylinder to beam. Lift out cylinder and
place in clean area for disassembly. .

Place block under rear end of Extension Cylinder (4) and

remove bolt holding cylinder to Outrigger Box Assembly (6). .
Remove Stop (9) by unscrewing holding bolts. The Eeam

Assembly (3) can now be pulled out carefully to insure that

the back end does net fall down and camage the cylinder.
The Innder Box Assembly (2) can also be pulled out of the
outrigger Box Assembly (&). '

The Extension Cylinder (4) can be removed from the Beam
Assembly (2) by removing the front pin. Care must be taken
to insure that the cylinder rod end deoes nct fall and cause
damage to the rod. After setting the cylinder down inside
the beam, it can be pulled out the back end. Place the
cylinder in a clean area for disassembly.

Cleaning, Inspection, and Repair

Clean all parts before reassembly and grease the bottom side
of the Inner Box Assembly and the Beam Assembly.

Reassembly

Do in the reverse order of the disassembly.
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VERTICAL EXTENSION CYLINDER




VERTICAL IXTENSION CYLIND&ER

DISASIEMBLY

Remove sockeb head capscrews (52) and hex head capscrew (61) and spring
washer (60), Then unscrew thread ring (17) using a spanner wrench, Be very
careful nob to damage the rod wipers (35) and the back up ring (37) which are
in the thread ring (17). These items can now be removed from the thread ring
(17).

Very carefully pull the rod (11) out of the case (10) thereby exposing the
head gland (16) and the piston (12) which will come out with the rod (11).

Next remove the head gland (16) from the rod (17). The rod wiper loading
non ping (47) cen be removed from the forward end and the back up ring (38)
and the static head "O" ring (39) from the back side.

To remove the piston (12) from the rod (11) you must first remove the cotter
pin (65) and the hex nut (20). The piston (12) can now ke removed from the rod
(11). Be careful not to damage the internal "O" ring (41)., The piston rings
(59), sirvon seal (42) and the "O" ring (43) can now be removed if necessary,

CTEANING, INSPECTION AND REPATR

Inspech all seals and back up rings to insure that there are no splits or
eracks. Also check the inner wall of the tube to see if there are any scores
or scratches, Heplace parts as necessary. ’

Clean all metal parts with a good solvent or kerosene, Put a light coab
of oil on all parts before recassembly.

" REASSEMBLY

Do in the reverse of the disassembly.



HORIZONTAL EXTENSION CYLINDER
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HORIZONTAL BXTENSION CYT.INDZR

DISASSEMBLY

The rod (11) must first be extended to allow clearance to remove the head
pland (16). Using a spanner wrench slowly turn the head gland (16) until it
is loose from the rod (11). Back off the telescoping tube (76) by unscrewing
it at the hex retaining nut (63). This will allow removal of the rod (11)
without taking out the telescoping tube (76).

The carefuly pull out the rod (11), the piston (12) and the head gland (16).
The piston (12) can now be removed by taking out the cotter pin (65) and the
hex nut (20).

The "O" ring (41), seal ring (42) and the sirvon loading "OY ring (43) can
now be removed from the piston (12).

Also the rod wiper (35), back up ring (44), rod seal "O" ring (45), back
up ring (38) and the static head "O" ring (393 can now be removed from the
nead gland (16).

The telescoping tube (76) can be disassembled by unscrewing the trumbone
glands (66) and pulling out the tube (76).

CIEANING, INSPSCTION AND REPAIR

Inspect all seals and back up rings to jinsure that there are no splite or
cracks, Also check the inner wall of the tube to see if there are any scores
or scratches, Replace parts as necessary.

Clean all metal parts with a good solvent or kerosene, Put a light coat
of oil on all parts before resassembly,

REASSEVBLY

Do in the reverse of the disassembly.
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DOUBLE PIIOT CHECK LOCK VALVE

REFOVAL

Remove valve asserbly from vertical cylinder by removing the bolts (60) and
washers (65) of the valve, Be careful not to lose the bottom "O" rings (40)
when removing valve.

DISASSEMBLY

The spool (16) can be removed from either end, First unscrew the main end
cap (18) being careful of the spring stop (28), spring (20) and the main ball
(21) which will come out next. The valve seat (31) will come out next and
after that the spool (16).

To disassemble the upper part of the valve, remove the relief cap (39)

which wi1l allow the removal of the relief ball (25), spring stop (29), spring
(21) and the flat washer (68).

CIEANING, INSPECTION AMND REPAIR

Insnect all seals and back up rings to insure that there are no splits or
eracks. Also check the inner wall of the tube to see if there are any scores:
or scrabches, Replace parts as necessary.

- Clean all metal parts with a sood solvent or kerosene, Put a 1izght coat
of o0il on all parts before reassembly,

REASSEMBLY

Do in the reverse of the disassembly.
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PUSH ROD ASSE/BLY

DISASSEVBLY

Remove voke assembly (2) and hex nut (3). PRod (4) can then be pulled-out
of the bracket (5).

INSPECTION AND REPAIR

Check bronze bushing (6) for wear and replace if necessary.

REASSEMBLY -

Do in the reverse of disassembly.
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SEIECTOR VALVE

DISASSEVBLY

Remove snzp ring (3) from outside »f spool (2) on back side of valve (1).
This wil1 allow the spool (2) to be pulled out the front of the valve (1).
Quad ring seals (L) can then be taken off if necessary. The handle (5) and
lockwasher (6) can be removed by unscrewing handle (5).

CLEANING, INSPECTION AND REPAIR

Check seals for cracks or breszks. Check spool and inside of wvalve for
scoring or scratching, Replace parts as needed, Clean all parts with a
good solvent and place a light coat of oil on partis prior to reassembly.

REASSEMBLY

Do in the reverse of the disassembly.

E-5%
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OUTRIGGER FLOAT ASSLMBLY

DTSASSEMBLY

Rempve the four socket capscrews (4) to separate the float cup assemb}y {2)
from the float forging (1). The lock pin and chain (3) are welded so they are
not removable,

CIEANING, INSPECTION AND REPAIR

Clean a1l parts with solvent and inspect for damage. Replace as needed.

RIASSEVBLY

Do in reverse of disassembly.
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FOR BEST RESULTS, USE ONLY FACTORY CERTIFIED REPLACEMENT PARTS.

WARNING: GOODS ARE NOT INTENDED FOR USE IN THE LIFTING OR MOVING OF PERSONS.

The winches described herein are neither designed nor intended for use or application to equipment used in
the lifting or moving of persons and it is understood that all such use shall be at the sole risk of the user.
The cable clamps on winches are not designed to hold rated loads. A minimum of 4-6 wraps of cable must
be left on drum barrel to guarantee holding of rated load.

THIS SALE IS MADE ON THE EXPRESS UNDERSTANDING THAT THERE IS NO IMPLIED WARRANTY THAT

THE GOODS SHALL BE FIT FOR THE PURPOSE OF LIFTING OR MOVING PERSONS OR OTHER IMPROPER
USE AND THERE IS NO IMPLIED WARRANTY OF MERCHANTABILITY FOR SUCH PURPOSES.




DESCRIPTION OF WINCH

The winch has three basic component parts:

1. Tie Plates and End Brackets
2. Hydraulic Motor and Brake Valve
3. Cable Drum Assembly

The cable drum assembly is made up of five
basic assemblies in the C2H16 and six in the
C2H16D:

1. Cable Drum

2. Two-Speed Clutch Assemblies and Primary
Planetary Reducer

3. Brake Assembly

4. Secondary Planetary Reducer

5. Final Planetary Reducer

6. Free Fall Clutch Assembly (C2H16D only)

The hydraulic motor is bolted to the end bracket.
The two-speed assembly housing is bolted and
doweled to the end bracket. The brake assembly
housing is bolted and doweled to the two-speed
assembly housing. The ring gear of the secondary
planetary reducer and final planetary reducer is
splined to the brake housing. The cable drum is
supported by the two-speed assembly housing
through a large ball bearing. A spring loaded oil
seal prevents oil leakage.

In the C2H16 the cable drum is supported on the
other end by the final planet carrier to which it is
splined. The carrier is supported by an anti-friction
roller bearing on a ground and polished shaft pro-
jecting from the end bracket.

In the C2H16D the cable drum is supported on
the other end by a bronze bushing running on the
drop clutch hub. The drop clutch hub is supported
by the final planet carrier to which it is splined.
The carrier is supported by an anti-friction roller
bearing on a ground and polished shaft projecting
from the end bracket. A series of friction discs
and drive discs are positioned between a splined
land on the drop clutch hub and an internally splined
area in the cable drum. Fifteen large, heavy-du{y
springs supply the pressure to engage the clutch.
A large single acting hydraulic cylinder and piston
located between the final planet carrier and the
clutch pressure plate can, when pressurized, com-
pletely release the spring pressure on the clutch
allowing the cable drum to rotate freely.

TWO-SPEED ASSEMBLY

This assembly has five operating component parts:

1. Primary Planetary Reducer

2. Floating Ring Gear

3 High Speed Friction Clutch (Spring Loaded)

4. Low Speed Friction Clutch

5. Double Acting Hydraulic Piston

The friction elements of the high speed clutch are
located between the planet carrier and the ring
gear of the primary planetary reducer assembly.
When engaged, the high speed clutch locks the ring
gear to the planet carrier causing it to rotate with
the planet assembly, directly connecting the motor
shaft to the sun gear of the secondary planetary
reducer.

The friction elements of the low speed clutch are
located between the ring gear of the planet assembly
and the stationary two-speed assembly housing.
When engaged, the low-speed clutch locks the ring
gear to the housing causing the planetary assembly
to function as a reducer, increasing the ratio of the
gear train between the hydraulic motor and the cable
drum with resulting lower drum speed and greater
hoisting capacity.

The high speed clutch is engaged by the brake
springs. The low speed clutch is engaged by the
movement of the hydraulic, clutch operating piston.
Further movement of this piston compresses the
brake springs, releasing the high speed clutch.
Directing oil to the opposite side of the piston moves
the piston away from the low speed clutch allowing
the brake springs to fully engage the high speed
clutch.

As no neutral exists during the change from one
speed to the other, the winch will not drop its load
if the shift is made in either raising or lowering
operations.

CAUTION

Both clutches are momentarily engaged during the
shift. Excessive wear will result on the high speed
clutch if the speed change is repeatedly and un-
necessarily made while the winch is in operation.

Hydraulic pressure must always be present on one
or the other side of the clufch operating piston
when the winch is operated. Rapid wear of the low
speed clutch will result if the piston is not moved




. completely away from the clutch so there will be
no dragging of the low speed clutch when the spring
pressure engages the high speed clutch.

The valve used to operate the shift must be of
the type that has no neutral position. A spring offset,
four way, solenoid valve is highly recommended.

HOW IT OPERATES

The hydraulic motor drives the sun gear of the
small primary planetary reducer. In high speed this
speed and torque is transmitted directly to the
sun gear of the secondary planetary reducer. In
low speed a reduced speed and higher torque is
transmitted to the secondary sun gear. The output
of the secondary planetary reducer is transmitted
by the planet carrier to the sun gear of the final
planetary reducer. In the C2H16 the output of this
reducer is transmitted directly to the cable drum
by the spline between the planet carrier and the
drum. In the C2H16D the output of the final planetary
reducer is transmitted to the large free fall clutch
and thence to the cable drum.

THE BRAKE SYSTEM

The automatic braking system has four operating
component parts:

1. Brake Valve attached to Hydraulic Motor
2. Spring Loaded Friction Brake

3. Over-riding Cam Clutch

4. Hydraulic Piston and Cylinder

The brake valve is basically a counterbalance
valve. It contains a check valve to allow free flow
of oil to the motor in a hoisting direction of
rotation, and a pilot operated check valve that
prevents flow of oil out of the motor when the
operating valve is placed in the reverse or lowering
position until sufficient pressure is present for the
pilot piston to open the check valve. It also con-
tains a small pressure relief valve set to prevent
excessive shocks on the motor when a lowering
operation is stopped.

The friction brake is a load holding brake only
and has nothing to do with dynamic braking or
stopping the descent of a load.

The over-riding clutch is splined to the secondary
sun gear shaft between the primary planet carrier
and the secondary sun gear. It will allow this shaft
to turn freely in a rotation to raise a load and force
the brake discs to turn with the shaft in rotation
to lower a load.

The hydraulic cylinder, when pressurized, will
release the spring pressure on the brake discs. This
is a double-acting cylinder and is balanced to back
pressure when the winch is not being operated.

HOW IT OPERATES

When the winch is powered in a hoisting direction,
the drive from the motor thru the primary planet
carrier to the secondary sun gear runs free. The
over-riding clutch between the secondary sun gear
shaft and the brake discs allows complete freedom
of rotation in this direction. The brake remains
fully engaged as the brake release piston is
balanced to back pressure up to 200 P.S.1.

When the lifting operation is stopped, the brake,
being fully engaged, prevents the load from
lowering.

When the winch is powered to reverse, the motor
cannot rotate until sufficient pressure is present to
open the brake valve. The friction brake within the
winch will completely release at a pressure lower
than that required to open the brake valve. The
extent to which this valve will open will determine
the amount of oil that can flow through it and the
speed at which the load will be lowered. Increasing
the flow of oil to the winch motor will cause the
pressure to rise and the opening in the brake valve
to enlarge, speeding up the descent of the load.
Decreasing this flow causes the pressure to lower,
the opening in the brake valve to decrease, slowing
down the descent of the load.

When the operating valve is shifted to neutral
the pressure will drop, the brake valve will close,
stopping the load. The friction brake will engage
after the valve has closed and hold the load.

When lowering a load very slowly for precise
positioning, no oil flow actually occurs through the
winch motor. The pressure will build up to a point
where the brake will release sufficiently to allow the
load to rotate the motor through its own leakage.
This feature results in a very slow speed and ex-
tremely accurate positioning.

SUMMARY

The winch, in raising a load, is not affected by
any braking action. When lowering a load the brake
valve has complete control of the speed at which
it is lowered. When the winch is stopped by returning
the control lever to neutral — the brake valve stops
the load and the friction brake engages to hold the
load.

Thus the brake receives very little wear in lowering
operations. All of the heat generated by the lowering
and stopping of a load is absorbed by the hydraulic
oil where it can be readily dissipated. The only
heat absorbed by the winch in either hoisting or
lowering is due to the efficiency losses within
the winch itself.

®)
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FREE FALL VALVE — C2H16D ONLY
The free fall clutch is a spring loaded hydrauli-
' cally released multiple disc clutch.
The free fall clutch control contains nine operating
component parts:
1. A sensitive pressure reducing valve
2. Double acting hydraulic piston and cylinder
3. Control lever
4. Movable rod with a center detent to operate
winch directional control valve
Single acting hydraulic piston with spring
return
Steel ball poppet
Four way, spring offset, solenoid valve
Micro switch in lever to operate solenoid
Micro switch in lever to operate two speed

The pressure reducing valve can direct oil
pressure to the free fall clutch spring pressure re-
lease cylinder.

The double acting piston, when pressurized on
one side, can move to compress the spring of the
pressure reducing valve to increase the pressure to
the free fall clutch release cylinder. When pres-
surized on the other side, the piston and piston
rod is locked in an out position.

The control lever is pivotally attached to this
piston rod and also pivotally attached to the winch
directional control actuating rod.

The single acting hydraulic piston, when pres-
surized, locks the winch control actuating rod in
its center or neutral position.

The spring, in this piston cylinder also applies
pressure to the steel ball poppet forming the neutral
detent in the winch control rod.

The four way, spring offset, solenoid valve is
bolted to the pressure reducing valve housing and
normally directs oil pressure to the double acting
hydraulic piston to lock it in its out position.

The two micro switches, in the control handle, are
momentary contact type switches and must be held
down to maintain winch operation. One switch ener-
gizes the solenoid of the two speed valve. This valve
should normally direct oil to place the winch in
low speed; and, when' its solenoid is energized,
shift the winch to high speed. The other switch
energizes the solenoid of the valve fastened to the
free fall control valve and places the winch in free
fall operation.

o
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HOW IT OPERATES

This one lever controls all of the winch func-
tions. With neither switch depressed the double
acting piston rod is locked in its out position forming
the pivot point for the lever. Moving the lever will
operate the winch in low speed raise or lower.
Depressing the high speed switch and moving the
lever will operate the winch in high speed raise or
lower.

When the free fall switch is depressed, oil
pressure is directed to the single piston locking the
directional control valve actuating rod in its center
or neutral position. This forms a new pivot point
for the lever. Oil pressure is also directed to the
pressure reducing valve and to the double acting
piston to move it in the direction to compress
the spring of this valve. The piston must move com-
pressing the spring before free fall can occur. As
the piston rod is attached to the lever, the lever
must also move. The force of the compressed spring
determines the amount of oil pressure that is
directed to the free fall clutch release cylinder.

If the lever is allowed to be pulled forward, in-
creasing the oil pressure to the free fall clutch
release cylinder, free fall will occur. If the lever is
pulled back against the force of the piston the oil
pressure will drop and the clutch re-engage, stop-
ping the descent of the load. The maximum force
that can be exerted by the piston is 125 pounds.
With a 10:1 lever ratio the maximum pull on the
lever handle is twelve and one-half pounds.

This free fall control is accident proof. The switch
button must remain depressed and the lever must
move before free fall can occur. |f at any time
during free fall operation the lever or switch button
is released, the clutch will be instantly and fully
engaged.

CAUTION

The thermal capacity of the free fall clutch is
100,000 ft. Ibs. per minute. That is, a 1,000 pound
load can be dropped and caught from a height of
100 feet once every minute; or, a 2,000 pound load
can be allowed to free fall and be caught from a
height of 100 feet every two minutes.

No load heavier than 4,500 pounds should be
dropped and caught.

In pile driving operations, as no heat is absorbed
by the clutch, there is no load or time limit.




WINCH CONTROL CIRCUIT
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CROSS-SECTIONAL VIEW

Drop clutch is spring en-
gaged, hydraulically re-
leased. A suspended load
must be lowered under hy-
draulic pressure.

Seamless, heavy guage

steel barrel.

Planetary gears inside

drum barrel permit Two-speed assembly per-
compact winch mits change of speed and
design. load by gearing changes
rather than motor changes.

Standard Commercial mo-
tor. Service available na-
tionwide.

-l

OO\

Fail-safe braking system. Brake is spring engaged,
hydraulically released. If engine dies or hydraulic

line breaks, load is held firmly until power is re- |
stored.

\

@ ©

© ©

Brake valve insures smooth
operation of winch and
braking system while rais-
ing or lowering load.

Balanced brake piston auto-
matically compensates for
back pressure up to 200
P.S.l.

Heavy duty mounting pads
at each extreme of winch
for maximum support.

 Model C2H16D lllustrated
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Section |
INTRODUCTION AND DESCRIPTION

FIG. |

GENERAL

This manual contains installation, operating main-
tenance and overhaul instructions for ABEX/DENISON
MA1E series fluid motor.

DESCRIPTION

The fixed displacement motor is a rotary balanced vane
‘type motor converting hydraulic forces into rotary
mechanical motion. To determine the maximum

operating pressure and speed of any model, refer to
Table 1.

The motor consists of four basic sub-assemblies;
(A) body or housing and shaft with a permanently
lubricated bearing and a rotary type shaft seal; (B) a
front port plate assembly consisting of port plate with a
built in check valve; (C) a cam ring assembly containing
the rotor, vanes, vane springs, spring guides and cam
ring; (D) end cap assembly consisting of end cap and
needle bearing. Two check valves are contained in the
end cap assembly for model M1E1 which is internally
drained.




TABLE |
PERFORMANCE DATA
THEORETICAL OPERATING CHARACTERISTICS*

Model Speed Volume Torque** | Horsepower Output | Pressure
Max. Min. | Cu.In. | GPM Per | In. Lb/ :;r“;oé Anf,ma;' MAX.
RPM RPM Per REV. | 100 RPM 100PSI MAX Psi| MAX Psi PSI
M1E or M1E1-139 2100 100 8.75 3.79 139.0 4.41 92.67 2000
M1E or M1E1-153 2100 100 9.64 4.17 153.0 4.86 102.00 2000
M1E or M1E1-185 2100 100 11.65 5.04 185.0 5.87 123.33 2000

*Data is based on the use of fluid with a viscosity of 200 SUS @ 100° F.

**Optimum running torque is 90% theoretical. Optimum stall torque is 75% theoretical.

To reverse motor, reverse flow to ports. Flow in port ‘A"’ gives clockwise rotaion when viewed from the shaft. Flow
in port “‘B” gives counterclockwise rotation when viewed from the shaft end.

Model M1E is externally drained from the end cap. Model M1E1 is internally drained and requires a special end cap

assembly.

Section |l
INSTALLATION

MOUNTING

This motor is designed to operate in any position.

The motor shaft must be in alignment with the shaft of
the driven load and should be checked with a dial in-
dicator. The mounting pad or adapter into which the
fluid motor pilots must be concentric with the motor
shaft within 0.010 TIR to prevent bearing failures. This
concentricity is particularly important if the fluid motor
shaft is rigidly connected to the driven load without a
flexible coupling.

PIPING

Connect inlet and outlet lines to the end cap of the
motor. The externally drained model must have a drain
line connected to the end cap drain connection of
sufficient size to prevent back pressure in excess of 50
PSI and returned to the reservoir below the surface of

4

the oil as far away from the supply pump suction as
possible. Model M1E1 does not require an external drain
line, however, the outlet pressure at either port (A or B)
must not exceed 50 PSI.

All fluid lines either pipe, tubing or hose must be of
adequate size and strength to assure free flow through
the motor. An undersize inlet line will prevent the motor
from reaching full speed and will not develop sufficient
torque. An undersized outlet line will create back
pressure in the motor and prevent proper operation.
Flexible hose lines are recommended. If rigid pipe or
tubing is used, the workmanship must be accurate in
order to eliminate strain on the motor end cap or the
fluid connectors. Sharp bends in the lines should be
eliminated whenever possible. All system piping must
be cleaned with solvent or equivalent before the motor
is connected. Be sure that the entire hydraulic system is
free from dirt, lint, scale and other foreign material. DO
NOT USE GALVANIZED PIPE. Galvanized coating may
flake off after continued use.



NOTE:

If the circuit used will allow the motor to operate as a
pump or restrict the inlet fluid availability when using
the motor for dynamic braking, the inlet side of the
motor must be replenished. The minimum replenishing
pressure at the motor inlet should be 25 PS|.

OIL

It is recommended that a hydraulic oil be used as
specified in Table .

TABLE Il
RECOMMENDED OIL SPECIFICATIONS*

requirements.

.............................. 150 to 300 SUS at 100°F
........................................ 90 or higher
....... ; girn s 8 8 g § a6 s s sewee s+ o FONRBUS

Viscosity Range ...................... V5 2 B SRR 8 E R 9 8
ViISCOSItY INTEX 514 5 5 vusvnmin s s 5 5 semmn s o v casaine « 6 wrwinie o 0
Maximum Viscosity at Starting Temperature ...........
Minimum Operating Viscosity ................oooiai
Rust and Oxidation Inhibitors .........................
Anti-Foam AdditiVe . . omms &« ¢ vummes » 5 5 v s o Sawssie s o
API Gravity, Degrees, Range ................ooovunnn..

Specific Gravity, 60° F/60° F, Range ................... 0.904 through 0.840

NOTE: It is recommended, but not necessary, that the fluid contain anti-wear additive. To provide minimum
noise and greater life, the hydraulic fluid selected should contain a minimum of 0.05%, by weight, of
zinc and a minimum of 0.05% by weight of phosphourous as zinc dithiophosphate or an amount of
other anti-wear additive which will impart equal properties to the fluid.

Consult a Denison Division representative before using fluids which do not meet these specifications or for
high temperature operation. In addition, consult him for Fire Resistant Hydraulic Fluid applications.

CAUTION: Inlet temperature of the oil for most efficient operation should be 130°F and should not exceed 150°F for
vane equipment without dropping below minimum operating viscosity.

It is suggested that the fluid supplier provide the user with certification that his product meets the

Section Il
OPERATION

During operation, oil under pressure flows through
either one of the two ports A’ or ““B" in the end cap
and is directed to both sides of the cam ring assembly
through cast ports in the end cap and port plate
assembly. The pressure applied against the vanes forces
the rotor to turn and at the same time rotates the motor
shaft. As the rotor turns, the oil moves to the discharge
ports in the port plate and end cap (B or A). Oil entering
through port “A” will force the shaft to rotate right-
hand - (clockwise) facing the shaft end. Oil entering
through port “B” will reverse the rotation. The port
plate assembly is free to move axially within the limits
and is held against the cam ring assembly by a wavy
washer spring until internal pressure is built up.

Section IV
MAINTENANCE

Since this motor is self-lubricating, preventative
maintenance is limited to keeping the fluid in the system
clean by changing filters frequently. Do not allow dirt to
accummulate on the motor, especially around the shaft
seal. Keep all fittings and screws tightened. Do not
operate the motor at pressures or speeds in excess of
the recommended limit.

If the motor does not operate properly, check the
“Trouble Shooting Chart” in Table Il before attempting
an overhaul.

Overhaul is relatively simple and may be accomplished
by following the procedure in Section V.




TABLE Il

TROUBLE-SHOOTING CHART

TROUBLE PROBABLE CAUSE POSSIBLE REMEDY
1. External Leakage a. Seal failure a. F('eplace seal
b. Defective casting b. Replace casting
2. Leakage At Fittings a. Cracked casting a. Replace
b. Defective threads b. Replace
c. Damaged “O"" Ring c. Replace
d. Burr d. Stone or file flat.
3. Loss In Speed Under Load a. Low inlet pressure a. Check Pressure

b. Excessive back-pressure at
outlet.

c. Scored port plate or end cap

e. High oil temperature

b. Check pressure-increase line
size.

c. Relap flat to clean up.

d. Use heavier oil; use oil cooler;
adjust relief valve setting.

4. Poor Speed Control

a. Insufficient fluid supply

b. Worn rotating group

a. Use more efficient pump. Use
larger pump. Use flow control
valve.

b. Replace

5. Motor Fails to Start Turning a. Insufficient torque a. Increase relief valve pressure
setting.

b. Excessive motor leakage. b. Check flow from motor outlet
if excessive, check shuttle valve
in front port plate. Pressure not
loading plate causing plate to
move away from cam ring.

c. Worn port plates. c. Replace

d. Womn rotating group d. Replace

@. Defective 'O ring on O.D. of e. Replace “0" ring if damaged.

front port plate.

f. Insufficient pump delivery f. Pump worn or too small.

g. Motor too small g. Use larger size cam ring.

6. Shaft Play a. Worn bearings a. Replace.

b. Excessive side load or end load
on shaft
¢. Hammering coupling on shaft

b. Design problem;consult
engineer.

c. Coupling bore should be slip fit
on shaft.

7. Bursting of Fluid
Supply Inlet or
Outlet Lines

a. Excessive pressure

a. If high inertia load over runs
motor relief valve protection is
required in one or possibly both
lines between directional valve
and motor. Use closed center
valve with cautionm. Relief valve
protection probably required as
described above.

8. Excessive Noise

a.Worn or damaged internal parts.

b. Air in System

a. Disassemble to remove rotor,
vane, cam ring assembly. Inspect
for excessive wear. Check
condition of faces of port plate
and end cap. Rework (lap) or
replace if scuffed.

b. Bleed air off-check fittings for
tightness.

9. Seal Failure

a.High drain line pressure on ex-
ternally drained unit.

b.High outlet pressure on internally
drained unit.

a.Provide larger drain line. Provide’
shorter less restricted drain line.
b.Revise circuit to reduce back
pressure. Increase line size.

Problems encountered not indicated in this table should be referred to the Customer sprvice
Center or nearest Abex/Denison representative.
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Section V
OVERHAUL

GENERAL

The instructions contained in this section cover a com-
plete disassembly, inspection and assembly of the vane
type fluid motor.

Drain all fluid from the motor and thoroughly clean
the exterior surface. Prepare a clean, lint-free sur-
face on which to lay the internal parts of the motor.

SPECIAL TOOLS

No special tools are required to disassemble and re-
assemble this motor.

DISASSEMBLY

See Figure V for item numbers listed below.

1. Secure the motor in a vise or other suitable hold-
ing fixture with the shaft (17) extended down.

2. Remove screws (1) and remove the end cap (2)
from the body.

3. Remove the rubber seal ring (3) from the end cap
(2).

4. Check the needle bearing (4) in the end cap. If it is
worn or damaged, remove it. :

(a) See additional instructions on page 10 for
disassembly of M1E1 internally drained end
cap.

5. Remove the dowel pin (5) from the cam ring assem-
bly (6).

6. Thread two 3/8-16 screws in the two tapped holes
provided as puller holes in the cam ring (6a) and re-
move the cam ring assembly (6) as a unit (6a, 6b, 6c,
6d and 6e).

NOTE:

If resistance is encountered when lifting the cam ring
assembly, lightly tap the outside of the body while lifting
the assembly. This will help in removing the cam ring,
rotor, vanes and springs as a unit.

WARNING!

The vanes are held against the cam ring by
tension from the springs in the rotor. If the
rotor is pulled from the cam ring with no
protection, tension from the springs will
throw the vanes out in all directions. The
following procedure must be followed when
disassembling the rotor and vanes from the
cam ring.

Place the cam ring assembly on a clean,
flat surface. Push the rotor and vanes
from the cam ring far enough to secure
a piston ring compressor over the vanes
and around the rotor. After the com-
pressor is in place, push the rotor and
vanes the remainder of the way out of
the cam ring. Release the tension on the
compressor and remove the vanes (6c),
spring guides (6e) and vane springs (6d)
from the rotor (6b).

7.Remove dowel pin (7) from the port plate assembly.

8. Thread two 10-24 screws into the puller holes in the

port plate assembly (8) and remove it from the body
(19).

(a) Port plate assembly teardown:
Remove the two 5/16-18 x 1/2” socket set
screw in the sides (do not reuse if the nylon
inserts in the screws are badly damaged). Re-
move the 1/4 x 3/4 shuttle pin from the dril-
led passage. The drilled holes in the port
plate must be clean and free from burrs.

9. Remove the rubber seals (9 & 10) and coil spring
(11).

10. Remove the internal snap ring (12) from the body
(19).

11. Press on the coupling end of the shaft and remove
items 13 thru 17 as an assembly.

12. The shaft seal assembly (14) consists of eight

parts, spring retainer, spring, steel band, rubber
friction ring, shell, carbon ring, cast iron seat
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with lapped face and an “O" Ring. Remove the
spring retainer and spring. Remove the "O"
ring from the cast iron seat. To separate the
cast iron seat from the bearing (16), position
the seat in a vise and tap on the rotor end of the
shaft. Remove the seat and the remainder of the
seal assembly from the shaft.

“CAUTION”
DO not damage the carbon ring and the lapped
surface of the cast iron seat.

13. Remove the external snap ring (15) and press
the bearing (16) from the shaft.

CLEANING & INSPECTION

1. Wash all metal parts in cleaning solvent (Stoddard
Solvent or equal) and dry thoroughly.

2. Inspection of Parts.

(a) Inspect the seals for wear, breaks, cuts and
brittleness. Check closely the lapped surface
of the seal seat and the carbon ring of the shaft
seal assembly for scratches and cracks. Dis-
card and replace all defective seals.

(b) Inspect all springs for wear on the O. D., for
cracks or permanent set. Replace all defective
springs.

(c) Inspect bearings for wear or flat spots. If the
bearings are rough or loose, they must be re-
placed.

(d) Inspect the cam ring for excessive wear (rip-
ples or washboard marks on the contour). Re-
place a badly worn or defective cam ring.

(e) Inspect the rotor for scored, marred or scratch-
ed (faces and vane slots) surfaces. Replace a
defective rotor.

(f) Inspect the vanes for excessive wear marks
(burrs, nicks and scoring). Replace defective
vanes.

(g) Inspect the wear surfaces of the port plate and
end capfor deep scratches. Replace if defective.

(h) Inspectthe body and end cap for cracks or other
casting damage. Replace all damaged castings.

(i) Inspect the shaft for excessive wear (internal
spline, bearing surface and drive end). Replace
if defective.

“CAUTION"

Dirt is a major cause of wear and motor failure. »

Cover all parts after cleaning to prevent dust and
dirt from settling on them. All surfaces should be
coated with a film of hydraulic lubricating oil after
they have been cleaned.

LUBRICATION

No external lubrication is required. The hydraulic fluid
which operates the motor provides adequate internal
lubrication. The shaft ball bearing is prelubricated and
sealed.

REASSEMBLY

1. Press bearing (16) on the shaft (17) and install
external snap ring (15). Be certain that the ring
is seated in the snap ring groove. Press the shaft
assembly into the body (19).

2. Installation of the seal assembly (14).

“CAUTION"
Before installing the seal assembly, study and
examine all of the parts. The seal seat and carbon
ring have a precision finish and must be handled
with care. Take particular care not to mar the
lapped faces.

FRICTION RING
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(a) Place some oil on the inner surface of the
rubber friction ring before installing it. Be
certain that there are no burrs or sharp edges
on the shaft. Apply heavy grease to the 0"
ring which is a part of the seal assembly and
install on the cast iron seat. Insert the cast
iron seal seat against the bearing (16} with
the unfinished side facing the bearing (lapped
surface out). Install the snap ring (12) on top
of the seal seat. Slide the shell containing the
rubber friction ring and carbon ring over the
internal splined end of the shaft. The carbon
ring must seal against the lapped seat. In-
sert the coil spring over the friction ring
and install the spring retainer on the spring.
Depress the spring retainer and spring and
install external snap ring (13) in the groove
on the shaft.

3. Place the coil spring (11) in the body.

4. Port Plate Sub-Assembly (8)

The special screws and the port plate including the
internal threads must be degreased. Apply a very
small amount of Loctite #242 to the special screws
only. An excessive amount of Loctite on the
screws would be forced into the shuttle spool bore
when the screws are installed. Allow the Loctite to
cure for one hour after installing the screws.

(a) Install one of the special screws in the
shuttle spool bore of the port plate. Torque
screw to 9 to 10 ft. Ibs. maximum. Insert the
shuttle spool in the shuttle bore and install
the other special screw and torque. Tilt the
port plate subassembly back and forth to be
certain that the spool travels the full length
of the bore.

5. Apply heavy grease to seals (9) and (10) and in-
stall in the grooves on the port plate.

6. Thread two 10-24 screws in the tapped hole in the
face of the port plate assembly (8) and install in the
body. See Fig. Il for correct position.

7. Insert the dowel pin (7) in the port plate assembly.

8. Assemble the cam ring assembly (6) in this manner.
Place the cam ring (6a), rotor (6b), vane springs
(6d), spring guides (6e) and vanes (6¢) on a clean
flat surface. Arrange the vanes side by side with
the three spring holes up. Insert the vane springs

in the vanes, insert the spring guides in the springs.
Install the vanes with the guides and springs in the
slots in the rotor.

“WARNING"
Be certain that the heads of the spring guides and
springs are started in the holes in each rotor slot.

(a) Place a ring compressor around the vanes and
tighten the compressor gradually until the springs
and vanes are in the position they will occupy
while in the cam ring. Place a back up plate,
slightly smaller than the outside diameter of the
rotor in the ring compressor and push the rotor,
springs and vanes into the cam ring. The back up
plate will prevent the vanes from sliding end wise
in the rotor slots and damaging the slots and
springs.

“WARNING"”
Be certain that the rotor and vane assembly is
inserted far enough in the cam ring to prevent the
vanes from flying out of position when the ring
compressor is removed.

9. Thread two 3/8-16 screws into the cam ring
assembly on the same side of the ring that indi-
cates the cam size. Insert the dowel pin (5) in
the cam ring and position the complete assembly
in the body over the dowel pin (7). (See Fig. 3 & 5).

10. Apply heavy grease to the rubber seal (3) and in-
stall in the groove in the cap (2).

11. Press the needle bearing (4) into the end cap (2)
with markings on the bearing 7/32 below the face
of the counter bored surface of the end cap.

(a) See additional instruction on page 11 for re-
assembly of M1E1 internally drained end cap.

12. Position the end cap (2) over the dowel pin (5).
Hold the end cap firmly against the cam ring
assembly and rotate to line up the bolt holes.

13. Insert screws (1) and tighten evenly to 230 ft.
Ibs. torgue.




SPECIAL INSTRUCTIONS
M1E1 Internally Drained Cap Assembly
Code #S14-16935

DISASSEMBLY

Remove the hex head plug (20) from the fluid con-
nection face. Remove the needle bearing (4) from the
counter bore in the wear face of the end cap (22).
Remove the two check valves (21) from the drilled
passages between ports “A” and “B" in the cap.

Wash the cap and all parts in cleaning fluid and dry
tharoughly.

Inspect the bearings, check valves, plug and “0" Ring.
Make certain that all driled and cored passages are
open and clean. Carefully check the spring and ball in

the check valves. The ball must seat for the checks to
function. Check the bearing for wear or flat spots. If any
parts are defective, they must be replaced.

REASSEMBLY

Lubricate both check valves (21). Install one check
valve in each threaded hole provided in port “A” and
“B". Press the needle bearing (4) into the end cap
(22) with the markings on the bearing 7/32" below
the counterbored surface of the end cap. Install the
hex head plug (20) and “O” ring in the fluid con-
nection face.

S$14-16935 M1E1 CAP ASSEMBLY

ITEM PART NUMBER DESCRIPTION QUANTITY
4 230-82040 Needle Bearing JH1616 1
20 488-35022 Hex head plug & “0" ring 1
21 S14-27259 Check valve assembly 2
22 034-70003 End Cap with internal drain 1
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M1E PARTS LIST

ITEM PART NUMBER DESCRIPTION QUANTITY
1 368-26340 Socket head cap screw 3/4-10 x 3 1/2 8
2 034-42312 End cap 1
3 691-10259 (s) Square section seal TS-33-259 1
4 230-82040 Needle bearing JH-1616 1
5 324-21610 Dowel pin 1/4 x 5/8 1
6 see below Cam ring assembly 1
7 324-21610 Dowel pin 1/4 x 5/8 1
8 S14-20504 Front port plate assembly 1
034-48755 -Front port plate 1
311-45032 -Soc. set screw 3/8 -16 flat point 2
w/spotlok
034-70341 -Shuttle spool 1
9 691-10257 (s) Square section seal TS-33-257 1
10 691-10238 (s) Square section seal TS-33-238 1
11 034-18026 Coil spring 1
12 356-30354 Internal snap ring 5000-354 1
13 356-31137 External snap ring 5100-137 1
14 623-13091 (s Rotary shaft seal 1
15 366-14308 External snap ring #916-R 1
16 230-99608 Ball bearing N.D. 99608 (double seal) 1
17 034-42316 Motor shaft with keyway 1
034-42317 Motor shaft with spline 1
18 034-42330 Shaft key (for 034-42316) 1
19 034-42310 Body 1
(s) S$14-11383 Seal Kit (Includes Seals for Connection) 1
*$14-11383-S4 Seal Kit (Includes Seals for Connection) 1
| **514-11383-S6 Seal Kit (Includes Seals for Connection) 1
*Phosphate Ester Fluid  **High Temperature Petroleum Base & Synthetic Fluid
- ITEM 6 These Parts Are A Complete Cam Ring Assembly
un CAM RING ASSEMBLY|  ga ob Sc e =
MODEL NO.
CODE NO. Cam Ring| Rotor Vanes | Vane Spring | Spring Guide
M1E or M1E1-139 S14 -14601 034-42332
M1E or M1E1-163 S14 -14602 034-42334 | 034-15954 | 034-24852 |  034-17031 034-42561
M1E or M1E1-185 S14 -14603 034-42333
Qty. Per Unit 1 1 12 36 36
FLUID CONNECTION KITS
These parts are a complete kit
MODEL NO. CODE NO. THREAD SIZE CONNECTION SEAL SCREW
FS4-P-24-19-58 S$14-07429 11/2" NPTF 034-23144
FS4-W-24-19-60 $14-07431 11/2" IPS Socket Weld 034-24158 671-00227 1/2-13 x 21/2
FS4-S-30-20-62 S$14-08434 SAE 24 (17/8-12) 034-24469
Quantity 1 1 4
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SALES OFFICES

CALIFORNIA
Hawthorne 80250
2323 W. El Segundo Blvd.
(213) 757-1791

Los Altos (San Francisco) 94022

175 S. San Antonio Rd.
(415) 948-5736

GEORGIA
174 W. Wieuca, N.E.
Atlanta 30342
(404) 252-3417

BY

ILLINOIS
La Grange (Countryside) 60525
5344 East Ave.
(312) 354-8134

PENNSYLVANIA

Pittsburgh 15220
1910 Cochran Rd., Manor Oak 1 Bldg.
(412) 343-5313

TEXAS
Dallas 75240
7540 LBJ Expressway, Suite 913
(214) 239-0963

Houston 77060
12620 1-45 North, Suite 107
(713) 443-6540

WISCONSIN
Elm Grove 53122
910 Elm Grove Rd.
(414) 786-9580

CANADA
Abex Industries, Ltd., Denison Division
Downsview, Ontario
681 Petrolia Road
(416) 661-9633

CUSTOMER SERVICE CENTER
1200 Dublin Road
Columbus, Ohio 43216
(614) 488-1191

MARINE & GOVERNMENT DEPARTMENT
1160 Dublin Road
Columbus, Ohio 43216
(614) 488-1191

Sales Representatives and Distributors Located in Major Industrial Areas—Look for “Abex/Denison Hydraulic Equipment” in the Yellow Pages.

INTERNATIONAL SUBSIDIARIES AND SALES OFFICES LOCATED IN—Argentina, Australia, Austria, Belgium, Brazil, Canada, Chile, Colombia,
Denmark, Eastern Europe, England, Finland, France, Germany, Greece, Holland, India, Iran, Italy, Japan, Mexico, New Zealand, Norway, Peru,
South Africa, Spain, Sweden, Switzerland, Turkey, Venezuela.

*‘\ [ Print Date | 6/76/m_|| Replaces [sPm-miE@®)] [ Revision_| sr7s | -j

\

ABEX CORPORATION, DENISON DIVISION, 1160 Dublin Road, Columbus, Ohic 43216 (614) 488-1191
An IC Industries Company

Printed in U.S.A.



MODEL CODE BREAKDOWN

OFM-***.10
OIL FILTER ;l_ 110 MICRON
OPTIONAL
MICRON PORT CONNECTIONS
MODEL CA(I;;*STY BASE | PORT CONNECTION (SEE TABLE)
OFM-100 936965/ 1" 4-BOLT FLANGE
OFM-101] 0-50 [936967[1" PIPE THREAD
SERIES & CAPACIT
OFM-102 936974|1" TUBE BoE taniE
OFM-200 936975|1-1 /4" 4-BOLT FLANGE
OFM-201] 0-125 [936977|1-1/2" 4-BOLT FLANGE
OFM-202 936978[1-1/2" PIPE THREAD
OFM-301 936880|2-1/2" 4-BOLT FLANGE
THREE | SING LE
MODEL |ELEMENT|ELEMENT | SPRING |WASHER | BOLT
KIT KIT
OFM-10+ 923115 | 923060 [ 936955 | 936949 | 936047
OFM-20%
OFM-209" 923117 | 923070 | 936958 | 936950 |936948

BODY

263231

936954

No=—"

o

25 MICRON ELEMENT KITS
ARE AVAILABLE AS ASEP-
ARATE ITEM. ORDER AS

NOTE

FOLLOWS:
SERIES KIT
OFM-10% 320788
8?‘]\;‘[:23: 922789

OFM FILTERS, IN THEIR STANDARD FORM, ARE APPROVED
FOR USE WITH WATER-GLYCOL, PHOSPHATE ESTER AND
CHLORINATED HYDROCARBON FIRE-RESISTANT FLUIDS.
THEY ARE NOT RECOMMENDED FOR USE WITH WATER
AND OIL EMULSIONS.

MODEL |POPPET[SPRING|WASHER|SNAP RING
OFM-10*| 936944 | 936941 | 938375 817164
OFM-20*| 936945 | 936942| 938376 936939
OFM-30*| 936946 | 936943 | 936854 936940

Revised 4-1-T74
Litho in U.S. A.

SPERRY VICKERS

TROY, MI.

48084

1-3953-S
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FOREWARD

This manual illustrates and describes the
recommended procedure for servicing the cM2
and CM3 series valves.

valves of the -30 design will be referred to
throughout this manual, but this information
is essentially the same for the -20 design
valves. Service parts are generally inter-
changeable between the -20 and -30 design
valves, however, it is recommended that the
catalogs referenced in Table I be consulted
for service parts for the respective design.
Customers who wish to incorporate -30 design
gsections in -20 design valves can do s0
without concern. 1In this instance, a tie
bolt must be left out. This does not affect
the operation or function of the valve as
one tie bolt on the -20 design is redundant.

To service these valves, read this manual
thoroughly, and follow the instructions
carefully.
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SECTION | - INTRODUCTION

A. PURPOSE OF MANUAL

This manual has been prepared to assist the
users of Vickers CM2 and CM3 Series-20/-30 Design
Multiple Unit Valves in properly maintaining and re-
pairing their units. In the sections which follow, the
multiple unit valves are described in detail, their
theory of operation is discussed and instructions are
given for their proper installation, maintenance and
overhaul,

B. GENERAL INFORMATION

1. Related Publications - Service parts infor-
mation and installation dimensions are not contained

2. Model Codes - There are many variations
within each basic model series, which are covered
by variables in the model code. Table II is a com-
plete breakdown of the codes covering these units.
Service inquiries should always include the complete
unit model number, which is stamped on the valve
bodies.

TABLE I
AVAILABLE PARTS CATALOGS AND
INSTALLATION DRAWINGS

in this manual. The parts catalogs and installation
drawings listed in Table I are available from your béIE?l]gIEEE C f’léfLTgGS m%gi%ﬁgs()hr
local Vickers Mobile Division application engineering
office, or from:
M2-2 L =
’ CM2-20 M-2401-S M-259218
Vickers CM2-30 M-2403-S
LESCE CM3-20 M-2402-S
Mobile Hydraulics Division CM3-30 M-2404-S M-259219
P. O. Box 302, Troy, Michigan 48084
Attn: Mobile Service Department
TABLE II - MODEL CODE BREAKDOWN
CM 2 NO 2 K B U DD 1 L-20 -***
= S g s == LIRS . K
DIRECTIONAL CONTROL e SPECIAL
MULTIPLE UNIT FEATURES

VALVE'MOBILE

2=2 SERIES

SERIES DESIGNATION}_
3= 3 SERIES

N = Standard Sections

VALVE BANK MODIFICATIONS}
Q = No Modifications

. PORT CONNECTIONS
CM2 1=1:3/16-12 Inlet & Cyl. Ports
SERIES 1-5/16-12 Outlet Ports
VALVES/! 2=1-5/16-12 Inlet & Cyl. Ports
1-5/8-12 Outlet Ports
4=1-5/8-12 Inlet & Outlet Ports["
1-5/16-12 Cyl. Ports
CM3 [ 1=S.A,E, 1" 4 Bolt Flange
SERIES \ 2=1-5/16-12 Inlet & Cyl. Ports
VALVES 1-5/8-12 Qutlet Ports
4=1:5/8-12 Inlet & Cyl. Ports
1:7/8-12 Outlet Ports

INLET BODY TYPE
R = Standard Relief Valve

DESIGN & MODIFICATION

20 = Second Design, No
Modification

30 = Third Design, No
Modification

OQUTLET BODY
L = Standard Outlet

E = Tandem Outlet

SPOOL MODIFICATION
1 = Detent

U=SECTION - NO SPOOL
(For Series Operation)

- SPOOLS
B = Motor Spool

C = Float Spool
D = Double Acting
T = Single Acting

[ RELIEF VALVE SETTINGS

(Partial Flow By-Pass)[™
F = Tandem Inlet Valve

(Full Flow By-Pass)
K = Standard Relief Valve

(Full Flow By-Pass)

05= 500 psi
07 = 750 psi
10 = 1000 psi
12 = 1250 psi
15 = 1500 psi
17 = 1700 psi
20 = 2000 psi
22 = 2250 psi
25 = 2500 psi

{ J




SECTION Il - DESCRIPTION

A. GENERAL

CM2 and CM3 Series -20/-30 Design Valves are
made up of directional controlvalve sections mounted
in banks and connected internally to common pres-
sure and tank return passages. A valve bank usually
consists of an inlet and operating (R*, F*, or K¥), a
number of operating sections (*) and an operating and
outlet section (*L or *E). Each operating section
contains a sliding spool (for example B, C, D or T
Spool). In valve banks where only one operating
section is required, an R* section is used with an L
or E tank plate section.

B. ASSEMBLY AND CONSTRUCTION

Figure 1 is a cross-sectional view showing the
construction and assembly of a three-section valve.
Each section normally contains a sliding spool with
centering springs and a check valve. The inlet sec-
tion also contains a relief valve assembly.

Passages between the bodies connect each sec-
tion to the common inlet and tank ports. Seal rings
between the sections seal the connecting passages.
Sections are held together by studs and nuts.

C. DETENT FEATURES

1. Spool Detents - A spool detent assembly
consists of a special end cap with a spring loaded
plunger and a spool extension. The plunger engages
in grooves of the spool extension to hold the spool in
the desired position (see Figure 9).

D. MOUNTING

CM2 and CM3 Series -20/-30 Design Valves have
mounting lugs cast into the inlet and outlet sections.

E. INSTALLATION DRAWING

Vickers Mobile Hydraulics Division application
engineers should be consulted for valve ratings and
applications. (Refer to the installation drawing listed
in Table I for the performance information. )

INLET CENTER BODY OUTLET
BODY SPOOL BODY
CHECK
O VALVE

SEAL
RINGS

Figure 1




SECTION Il - PRINCIPLES OF OPERATION

A. GENERAL

Figure 2 is a schematic illustration of a four sec-
tionvalve, showing the cylinder ports and the by-pass
pressure and tank passages. The pressure passage
is used to carry fluid to the cylinder ports when the
the spools are shifted. The by-pass passage permits
flow directly to the outlet when the spools are not
being operated. The tank passages carry fluid to the
tank port by return flow from the cylinder ports or
fluid diverted past the flow control and relief valve.

The spools are shown in the centered or neutral
position. Under these conditions, fluid in the pres-
sure passage is blocked from the cylinder ports by
the spool lands. Flow through the valve is through
the by-pass and tank passage to the tank port.

B. OPERATING SECTIONS

1. 1Inlet Section - The CM2 and CM3 series
valve banks may be obtained with operating, R*, F*,
or K*, inlet sections, These sections are available
with B, C, D, or T, type spools.

These sections are individually described
below.

(a) R* Section - The R* section is equipped
with an integral relief valve for overload protection.
It is built to accept a check valve to prevent return
flow through the valve.

The integral relief valve, with an ori-
fice plug, also acts as a partial flow control valve.
This feature lowers the pressure drop between the
inlet and outlet ports. (See paragraph 4 for relief
valve and flow control operation. )

The relief valve cracking pressure is
pre-set at the factory. The pre-set cracking pres-

sures range up to 2500 psi maximum. (See Table II

Model Code for pressure settings.)

(b) F* Section - The F* section has two
pressure connections. One connection is made to the
pump source and the second connection is made with
a preceding valve assembly to accept the by-pass
flow for tandem operation.

The F* section like the R* section is
built to accept a check valve to prevent return flow
when this feature is required. However, F* sections

do not employ relief valve or partial flow by-pass.

() K* Section - The K* section is essen-
tially the same as the R* section except it has a full
flow by-pass feature.

2. Outlet Sections

(a) *L Section - When two or more spools
are required in a valve bank, the last section will be
an *L section. The "*'" denotes the spool type. This
section contains the exhaust oil port and also is built
to accept a check valve to prevent back flow when
this feature is required.

(b) *E Section - This section is used for
tandem operation by providing an outlet connection
through which the by-pass feature for pump unloading
is extended on to a subsequent valve bank. It is used
in conjunction with an ""F*" type inlet section in the
next valve bank. Like the *L section it contains an
operating spool and is built to accept a check valve to
prevent back flow when this feature is required.

3. Spool Operation

General - Four standard spool designs are
available ("B," "C," "D," or "T""). Any combination
of spools may be used with a valve bank to perform
a variety of operations. All operating spools are
equipped with centering springs which return the
spools to neutral.

"B" SPOOL "C" SPOOL

“D" SPOOL “T" SPOOL

QUT———
NEUTRAL:
N

CHECK VALVE

FLOW CONTROL &
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CONTROL VALVE
SENSING ORIFICE

: .a-’{-.tn-ssf’"ss’&hffi

CAP

CYLINDER
PORTS

Figure 2
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For convenience A, S, A. symbols
(Y32, 10-1958) are also shown with the
following descriptions of each spool.

(a) "B" -Motor Spool- "B'' spools
are used when ITow is directed tothe oper-
ation of a hydraulic motor instead of a
cylinder. These spools are double acting
in character so that the motor may be ro-
tated in either direction. The cylinder
ports are left partially open in the neutral
position to allow free flow of oil between
the motor and reservoir. See Figure 3
for spool position vs. flow characteristics.
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(b) ""C" Float Spools - "'C'"" spools
are double acting with an additional float
position. The spool is retained in the float
position by a detent, and it is spring cen-
tered to neutral from the "in" and "out"
positions. Both cylinder ports are open
to the tank in the float position to permit
free flow of oil in either direction. See
Figure 4 for spool position versus flow.

'MANhA
DET T

"C" FLOAT SPOOL

X
X

oH HO 0

> H—-

(c) "D'" Double Acting Spool-"D"
spools are used for applications where
pump flow must be directed to either end
of a cylinder, depending on the direction
of movement required. The end of the
cylinder not under pressure has its return
flow directed to tank via internal coring
of the valve sections. See Figure 5 for
spool position versus flow.
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(d) "T" Single Acting Spool - "T'" spools di-
rect flowto one end of an operating cylinder only as in
the example of the lift mechanism on a fork-type truck.
Return flow is from the same end of operating cylinder
and relies on gravity or mechanical means. See Fig-
ure 6 for spool position versus flow.
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4. Flow Control and Relief Valve
General - The partial flow by-pass system in
the CM2 and CM3 series valves makes use of a com-
pound type flow control and relief valve arrangement.
By sensing the pressure drop across an orifice at the
entrance to the by-pass, the valve acts as a flow con-
trol to limit flow through the by-pass.

When a spool is completely shifted, the flow
control is inoperative and full pump volume is availa-
ble to the system. The control valve then functions
as anoverloadrelief valve. System pressure is limit-
ed to a prescribed maximum by the action of this
valve.

l_
+H -
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(a) Flow Control - Figure TA shows the flow
control valve operation with the spool in neutral. Flow
across the by-pass orifice results in a pressure drop
The decreased pressure is sensed at the spring end of
the valve sub-assembly through a sensing orifice.
The slightly higher pressure at the other end of the
valve permits it to shift down, diverting excess flow
tothetank passage. With less than rated flow, shown
onthe installation drawing, there would be insufficient
pressure drop across the by-pass orifice and the flow
control valve would return to the closed position.
Since the control valve is held closed by the large
spring and all flow would be through the by-pass pass-
age.

' (b) Relief Valve - Operation of the relief
valve feature is shown in Figure 7B. Here an op-
erating spool would be shifted, porting fluid to the
system and blocking the by-pass.

Figure 7B shows operation at less than
the relief valve setting. There is no flow over the
by-pass orifice, so full system pressure is sensed at
the spring end of the control valve, as well as the

E3  PRESSURE
« TANK RETURN FLOW

“T" SPOOL

]
£z
a%

iy
o m
A

G
,%
.
%
7

-rlll
72

“T" SPOOL TN
“NEUTRAL" POSITION. "IN" POSITION.

"B" PORT TO TANK.
“A" PORT BLOCKED.
BY-PASS OPEN.

"B" PORT.
"A" PORT BLOCKED. AT
BY-PASS BLOCKED, BY-PASS OPEN.

Figure 6

opposite end. The valve is thus hydraulically bal-
anced and the large spring holds it closed.

Maximum pressure is determined by the

.setting of the small spring inside the control valve

assembly. When system pressure is high enough to
overcome this small spring, the poppet is forced off
its seat. (See Figure 7C) Fluid immediately flows
past thepoppet to the tank passage. This flow creates
a pressure drop across the sensing orifice and the
control valve is no longer hydraulically balanced.
palanced. When this pressure differential is great
enough to overcome the large spring, the valve shifts
permitting flow to the tank passage.

5. Check Valve - Timing of the valve spoolsis
suchthat the cylinder port opens to pressure and tank
before the by-pass passage is completely blocked.
To prevent return flow from passing into the pres-
surepassage, checkvalves are provided in each oper-
ating section except the ""B'" section. The load is thus
prevented from dropping.

6. Detent - The spool detent consists of a spe-
cial end cap with a spring loaded plunger. The plung-
er engages in a groove in the spool extension and
holds the spool in the desired position. Detent parts
are illustrated in the exploded view in Figure 9A.
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7. Tandem Operation - Tandem operation per-
mits operation of two banks of valves from the same
pumping source. An internal plug in the outlet sec-
tion of the first bank (see Figure 8) separates the
by-pass passage from the tank passage. Cylinder
exhaust oil is returned to tank via the alternate
discharge port, and by-pass oil is directed out the
primary discharge port to the by-pass port of the
bank.

In Figure 8, either bank can be operated
separately or both simultaneously. This is possible
because of the tandem by-pass connection from the
inlet connection of the first bank to the F inlet connec-
tion of the second bank. If neither bank is operating,
part of the fluid flows through both by-pass passages
directly to tank. The balance is diverted through the
tankpassage of the first section as shown in Figure 2,

In some cases, it is desirable to have tan-
dem valves connected in series where, the second
bank is dependent upon the operation of the first bank.
The first bank has control priority because the tan-
dem by-pass connection is not used. The cylinder by-
pass oil of the first bank is directed out of primary
discharge port to the inlet port of the second bank.
Use a "K" inlet section in the first bank if full flow
is desiredtothe second bank. Otherwise reduced flow
will be encountered.

C. NON-OPERATING SECTIONS

1. General -The CM2 valve non-operating sec-
tions are the "E" and "L" outlet sections and a center
"U'" section. These sections do not have operating
spools. The functions of these sections are as fol-
lows:

(a) "E" Outlet Section - The "E" type sec-
tion provides an outlet section by which the by-pass
feature for pump unloading is extended to a subse-
quent valve bank (tandem operation). It is generally
used in conjunction with the "F" type inlet section on
the subsequent valve bank assembly. This "E" type
section is only used with one spool banks.

(b) "L" Qutlet Section - The "L" type sec-
tion is basically the same section as the "E'' section
except it provides only one connection for exhaust oil
and is used as the last section on a single spool bank
where tandem operation is not required.

(¢) "U" Center Section - The "U" section,
when mounted between two operational sections, per-
mits the operation of two cylinders or motors in
series. This is accomplished by porting the outlet
of the first operating section to the inlet of the
second operating section.

NOTE
It should be noted that the pressure drop
across the valve, when used in series opera-
tion, will be the sum of the pressure drops
for each section.
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SECTION IV - INSTALLATION AND OPERATING INSTRUCTIONS

A. INSTALLATION DRAWINGS

Installation drawings M-259218 and M-259219
should be consulted for installation dimensions.

B. MOUNTING

These valves can be mounted in any position.
Enough clearance must be left to provide access to
the port connections and to permit actuating the
control mechanism. The valves should be securely
bolted to the mounting surface.

NOTE

Valves should be mounted on a relatively flat
surface to prevent possible distortion of the
valve bodies.

C. PORT CONNECTIONS

All connections are compatible with standard
SAE fittings and "O" ring seals. It is only necessary
to tighten fittings so that there is a firm metal-to-
metal contact.

D. RELIEF VALVE

Relief valve sub-assemblies in the inlet section
are preset and tested by Vickers for given pressure
settings. Selection of the relief valve setting is
based on the work requirements of the system., If a
different relief valve setting is required, the valve
sub-assembly should be replaced (see parts catalog
M-2401-S, M-2402-S, M-2403-S or M-2404-5).

E. TANDEM INSTALLATION

1. Piping arrangement for tandem series op-
eration is shown in Figure 8.

2. The outlet section of the first bank must be
an "E" section which is equipped with a plug (see
Figure 8) to block the primary discharge port from
tank. The discharge to tank port must be connected
to tank.

NOTE

Slight leakage past the internal plug is per-
missible. The plug should not be tightened
excessively, as there is the danger of distort-
ing the body and causing the spool to bind.

F. HYDRAULIC TUBING
NOTE

For instructions on pickling, refer to Vickers
Instruction Sheet M-9600.

1. All tubing must be thoroughly cleaned before
installation to remove dirt, rust and scale. Recom-
mended methods of cleaning are sand blasting, wire
brushing and pickling.

2. The number of bends in tubing should be kept
to a minimum to prevent excessive turbulence and
friction of oil flow.

3. Tubing should not be bent too sharply. The
minimum radius for bends is three times the inside
diameter of the tube.

4, Tominimize flow resistance and the possibil-
ity of leakage, only as many fittings and connections as
are necessary for proper installation should be used.
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G. HYDRAULIC FLUID RECOMMENDATIONS

The oil in a hydraulic system serves as the
power transmission medium. It is also the system's
lubricant and coolant. Selection of the proper oil is a
requirement for satisfactory system performance and
life. Oil must be selected with care and with the
assistance of a reputable supplier.

TWO IMPORTANT FACTORS IN SELECTING AN
OIL ARE:

1. Antiwear Additives - The oil selected must
contain the necessary additives to insure high anti-
wear characteristics.

2. Viscosity - The oil selected must have prop-
er viscosity to maintain adequate lubricating film at
system operating temperature.

SUITABLE TYPES OF OIL ARE:

1. Crankcase Oil meeting API service classifica-
tion MS. The MS (most severe) classification is the
key to proper selection of crankcase oils for Mobile
hydraulic systems.

2. Antiwear Type Hydraulic Oil - There is no
common designation for oils of this type. However,
they are produced by all major oil suppliers and pro-
vide the antiwear qualities of MS crankcase oils.

3. Certain Other Types of Petroleum Oils are
suitable for Mobile hydraulic service if they meet the
following provisions:

(A) Contain the type and content of antiwear
compounding found in MS crankcase oils or have
passed pump tests similar to those used in develop-
ing the antiwear type hydraulic oils.

(B) Meetthe viscosity recommendations shown
in the following table.

(C) Have sufficient chemical stability for Mo-
bile hydraulic system service.

The following types of oil are suitable if they meet
the above three provisions:

Series 3 Diesel Engine Oil

Automatic Transmission Fluid Types A, F
and DEXRON

Hydraulic Transmission Fluid Types C-1
and C-2

The following table summarizes oil types recom-
mended for use with Vickers equipment in Mobile hy-
draulic systems by viscosity and service classifica-
tion.

TABLE III
Hydraulic System SAE American Petroleum|
Operating . . Institute (API)

Temperature Range V1§cosﬂlzy Service

(Min. * To Max.) |PeSiEnation|  ciagsification

0°F. to 180°F. 10W MS

0°F. to 210°F. 10W-30%* MS

50°F. to 210°F. 20-20W MS

* Ambient Start Up Temperature
** See paragraph on Viscosity Index



OPERATING TEMPERATURE:

The temperatures shown in table TII are cold
start-up to maximum operating. Suitable start-up
procedures must be followed to insure adequate lubri-
cation during system warm-up.

ARCTIC CONDITIONS:

Arctic conditions represent a specialized field
where extensive use is made of heating equipment
before starting. If necessary, this, and judicious
use of SAE 5W or SAE 5W-20 oil in line with the vis-
cosity guide lines shown in the table, may be used.
Dilution of SAE 10W (MS) oil with maximum of 20%
by volume of kerosene or low temperature diesel fuel
is permissible. During cold start-up, avoid high
speed operation of hydraulic system components until
the systemis warmed up to provide adequate lubrica-
tion. Operating temperature should be closely moni-
tored to avoid exceeding a temperature of 130°F.
with any of these light weight or diluted oils.

OTHER FACTORS IN SELECTING AN OIL ARE:

1. Viscosity - Viscosity is the measure of fluid-
ity. In addition to dynamic lubricating properties, oil
must have sufficient body to provide adequate sealing
effect between working parts of pumps, valves, cylin-
ders and motors, but not enough to cause pump cavi-
tation or sluggish valve action. Optimum operating
viscosity of the oil should be between 80 SSU and
180 SSU. During sustained high temperature opera~-
tion viscosity should not fall below 60 SSU,

2. Viscosity Index - Viscosity index reflects the
way viscosity changes with temperature. The small-
er the viscosity change the higher the viscosity index.
The viscosity index of hydraulic system oil should
not be less than 90, Multiple viscosity oils, such as
SAE 10W-30, incorporate additives to improve vis-
cosity index (polymer thickened). Oils of this type

generally exhibit both temporary and permanent de-
crease in viscosity due to the oil shear encountered
in the operating hydraulic system. Accordingly, when
such oils are selected, it is desirable to use those
with high shear stability to insure that viscosity re-
mains within recommended limits.

3. Additives - Research has developed a number
of additive agents which materially improve various
characteristics of oil for hydraulic systems. These
additives are selected to reduce wear, increase
chemical stability, inhibit corrosion and depress the
pour point. The most desirable oils for hydraulic
service contain higher amounts of antiwear com-
pounding.

SPECIAL REQUIREMENTS:

Where special considerations indicate a need to
depart from the recommended oils or operating con-
ditions, see your Vickers sales representative.

CLEANLINESS:

Thorough precautions should always be observed
to insure that the hydraulic system is clean:

1. Clean (flush) entire system to remove paint,
metal chips, welding shot, etc.

2. Filter each change of oil to prevent introduc-
tion of contaminant into the system.

3. Provide continuous oil filtration to remove
sludge and products of wear and corrosion generated
during the life of the system.

4. Provide continuous protection of system from
entry of airborne contamination.

5. During usage, proper oil filling and servicing
of filters, breathers, reservoirs, etc., cannot be
over-emphasized.

SECTION V - INSPECTION AND MAINTENANCE

A, SERVICE TOOLS

No special tools are required to service Vickers
CM2 or CM3 series multiple unit valves.

B. INSPECTION

Periodic inspection of spool operation, oil condi-
tion and pressure connections saves time-consuming
breakdowns and unnecessary parts replacement.

1. All hydraulic connections must be tight.
Loose connections not only allow leakage but also
permit air to be drawn into the system, resulting in
noisy and erratic operation.

2. Spools should return to neutral automatically
when the control is released. The centering spring
force is approximately 60 to 120 pounds. If more
force is necessary, the spool may be binding or con-
trol linkage may be faulty.

3, Systemfilters and reservoir shouldbe checked
periodically for foreign particles. If excessive conta-
mination is found, the system should be drained. The
reservoir mustbe cleaned thoroughly before refilling.

C. ADDING FLUID TO THE SYSTEM

When hydraulic fluid is added to the system, it
should be pumped through a 25 micron filter. If such
a filter is not available, or practical to use in the

field, a funnel with a fine wire screen (200 mesh or
better) can be used.

1t is important that oil be clean and free of all
substance which will cause improper operation and ex-
cessive wear of the pump or other hydraulic units inthe
system, Be sure to purge all air from the system.

D. LUBRICATION
Internal lubrication is provided by system oil.
E. REPLACEMENT PARTS

Only genuine parts manufacturedor sold by Vick-
ers should be used as replacement parts for these
valves. Only Vickers knows the true quality level
required of each part. These are listed in parts cat-
alogs M-2401-S, M-2402-S, M-2403-S and M-2404-S
copies of which are available on request.

F. TROUBLE SHOOTING

Table IV lists the difficulties which may be exper-
ienced with the unit and hydraulic system. It indicates
the cause and remedy for eachof the troubles listed. It
should always be remembered that pressure and de-
livery are factors which are usually dependent upon
each other. Adequate pressure gage equipment and a
thorough understanding of the operation of the com-
plete hydraulic system are essential to diagnose im-
proper operation. 9




TABLE IV - TROUBLE, CAUSE AND REMEDY CHART

TROUBLE

PROBABLE CAUSE

REMEDY

Oil leaks at either end of spool.

Defective 'O rings in valve body.

Replace "O" rings.

Spring-centered spools do not re-
turn to neutral.

Broken springs.

Replace springs.

Bent spool.

Replace withnew section of same
size and type.

Foreign particles.

Clean system and valve.

Misalignment of operating linkage

Check linkage for binding condition.

Valve tank improperly torque.

Retorque nuts to specified ratings.

Detent type spools will not stay in
detent position.

Worn detent barrel.

Replace detent barrel.

Weak or broken detent spring.

Replace detent spring.

No motion, slow or jerky action of
hydraulic system.

Relief valve not properly set, or
stuck in base and/or worn.

Repair, clean and readjust.

Dirt or foreign particles lodged
between releivalve control pop-
pet and seat.

Disassemble, clean and reassem-
ble.

Valve body cracked inside.

Replace valve section.

Spool not moved to full stroke.

Check travel.

No relief valve action (High Pres-
sure)

Small particle of dirt plugging
orifice in relief valve sub-as-
sembly.

Remove relief valve and check
hole. If blocked, clear hole.

Relief Valve S.A, installedback-
wards.

Install properly.

Load will not hold.

0il by - passing between spool
and body.

Replace valve.

Oil by-passing pistonin cylinder.

Repair or replace cylinder.

Spool not centered

Refer to above spool remedies.

Load drops when spool is moved
from neutral to a power position.

Dirt or foreign particles lodged
between check valve poppet and
seat,

Disassemble, clean and reassem-
ble.

Scored or sticking check valve
poppet.

Replace poppet.

A. GENERAL

SECTION VI - OVERHAUL

During disassembly, particular attention should
be given to identification of parts for reassembly.
Spools are selectively fitted to valve bodies and must
be returned to the same bodies from which they were
removed. Valve sections should be reassembled in
the same order.

Figure 9 and 9A is an exploded view showing the
proper relationship for reassembly., Reference is
made tothese figures in the procedures which follow.

B. DISASSEMBLY

1. Controls- Be sure the unit is not subjected to
pressure. Disconnect and cap all lines and discon-
nect linkage to the spool. If hand levers are used,
remove the "E" rings which retain the fulcrum rod
and remove the links, levers and retaining rings.

9. Attaching Parts - Remove the four tie studs
and nuts and separate the valve sections. Be care-
ful not to destroy or lose spacers.

3. End Caps- Remove the two screws which se-
cure the spool and cap and remove the cap. If the cap
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has a detent assembly, screw out the detent plug and
remove the spring and piston. Remove the "O" ring
from the body.

4. Operating Spool - Slide the spool out of its
borefrom the cap end and remove the "O" rings from
the valve body around the spool bore. Do not remove
the centering spring and retainers unless it is neces-
sary to replace them.

5. Check Valve - Grip the stem of the check
valve plug with pliers and pull it out of the valve body.
Remove the "O'" ring and back-up ring. Remove the
spring and poppet from the valve body.

6. Relief Valve Sub-Assy - Screw out the plug
which retains the relief valve and remove the "O"
ring from the plug. Remove the spring and the relief
valve sub-assembly. In F* sections, remove the
solid plug.

7. Valve Body - Remove the plug and "O" ring
from the blocked cylinder port on models with a
single acting spool. If the alternate discharge port
is plugged, it is not necessary to remove the plug
unless the body is to be replaced.

C. CLEANING, INSPECTION AND REPAIR



1. Discard all old seals. Wash all parts ina
clean mineral oil solvent and place them on a clean
surface for inspection.

2. Carefully remove burrs by light stoning or
lapping. Be certainthereis no paint or burrs on mat-
ting surfaces of valve bodies.

3. Inspect the valve spools and bores for burrs
and scoring. If scoring is not deep enough to cause
objectionable leakage, the surfaces can be stoned or
polished with crocus cloth. If scoring is excessive,
the valve body and spool must be replaced by order-
ing a new section. Check the valve spool for freedom
of movement in the bore.

4, Check the relief valve for smooth movement
in its bore. The valve should move from its own
weight.

D. ASSEMBLY
NOTE

Coat all parts with clean hydraulic oil to
facilitate reassembly and provide initial lub-
rication. Petroleum jelly can be used to hold
seal rings in place on assembly.

1. Valve Body (Figure 9) - On models with
single-acting spool, install the "Q'" ring on the port
plug and plug the appropriate cylinder port. Tighten
the plug securely, but DO NOT over tighten.

9. Relief Valve - Install the "O" ring on the
relief valve plug. Place the relief valve assembly in
its bore, hex nut end towards opening. Install the
spring and plug and tighten the plug securely but DO
NOT over tighten.

3. Check Valve - Install a new back-up ring
and “O” ring on the check valve plug with the o
ring toward the spring and poppet. Place the poppet
and spring in the body and install the plug.

4. Operating Spool - If centering spring and
spool have beéen removed, install new "O" rings in
the "O" ring groove in the body at each end of the
spool bore. Install spool in bore from the cap end.
Install the flat retainer, guide and screw. Tighten
the screw securely. Align the flat retainer by shift-
ing the spool. Spool bind is an indication of flat re-
tainer misalignment. Install the end cap and attach-
ing screws. Tighten the end cap screws securely. On
models with detents grease all the detent parts and
install the piston, spring and plug. Be sure to screw
the plug in all the way.

5. Assembly of Unit Sections.

CAUTION

Make sure all mating surfaces of valve bodies
are free of burrs and paint.

Install seal rings in the grooves in the body of
each inlet and center section. Use petroleum jelly to
hold the seals in place. For CM2 valves, install the
spacers to insure against spool bind when the studs
are tightened. With the mounting feet on a flat surface
carefully place the sections together in the same or-
der in which they were removed. The mounting feet
must be maintained in a flat plane to prevent spool
bind (due to body distortion) when the valve is mount-
ed for operation. If levers are used, install pins in
each spool and assembly the levers, fulecrum rod and
"E" rings. Tighten the nuts on the CM2 to 45-50 foot
pounds torque and on the CM3 to 55-60 foot pounds
torque.

SECTION VII-VALVE OPTIONS

A. GENERAL - Operating sections can be supplied
with anti-cavitation check valves, and combination
anti-cavitation check valves with cylinder port relief
valves. The use of these accessories will be identi-
fied by a special feature suffix on the model number,
Refer to the installation drawings listed in Table 1
for these options.

1. Anti-Cavitation Check Valve - To eliminate
cavitation created in the system, an anti-cavitation
check valve may be employed. The valve can be in-
stalled on each cylinder port of any operating section
where required. When the system pressure is less
than tank pressure, a vacuum is created. The anti-
cavitation check valve equalizes the unbalanced pres-
sure condition by metering fluid from the tank passage
back to the pressure port. The anti-cavitation check
valve is located in valve operating sections nextto the

cylinder ports and function when the spool is in neutral
and operating position,

9. Anti-Cavitation Check With Cylinder Port Re-
lief Valve - The anti-cavitation check with cylinder

port relief valve is a combination of anti-cavitation
check valve with an integral cylinder port relief valve
sub-assembly. The operation of the anti-cavitation
check feature is described in paragraph VIL, A, 1.
The cylinder port relief sub-assembly limits the maxi-
mum pressure in the cylinder port. The relief sub-
assembly normally functions when the valve spoolisin
the neutral position. Fluid is discharged from the
cylinder port to the tank passage of the directional
valve. The pressure setting is generally higher than
the main system relief valve. The relief valve sub-
assemblies are pre-set at the factory.

SECTION VII-TESTING

Vickers Mobile Division application engineering per-
sonnel should be consulted for recommendations on
test stand circuit requirements and construction. If

test equipment is available, valves should be tested
at the recommended flow and pressure shown on in-
stallation drawings M-259218 and M-259219.

11
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~IMPORTANT INSTRUCTIONS

FOLLOW CAREFULLY OR GUARANTEE MAY BE VOID

SPRING REWIND REELS

1. CHECK TYPE OF SPRING

AN
717-25-26 A

' NS
The spring type is indicated by a Ielter at the end
of the mcdel number on the nameplate and
stamped in the casting at the top of the spring
housing. The maximum number of usable turns
for which each spring is designed is shown below:

A — spring designed for 25 usable turns

B — spring designed for 20 usable turns
C — spring designed for 16 usable turns

2. RELEASE SPRING

To release the spring,
disengage the pawl from

the ratchet wheel and
allow the spring to un-
wind completely.

3. SET SPRING TENSION

To set spring lension,
turn the discs by hand,
in the direction the out-
let is facing, the number
of turns listed above for
your particular spring.
Lock the reel by engag-
ing the pawl in the
ratchet wheel.

CAUTION: Do not wind more than the number of
turns required to handle the hose or cable. Never
wind more than the number of turns listed above.

4. ATTACH HOSE

Insert hose between
rollers and attach hose
fitting to ree! outlet.
NOTE: On Series 800
reels, oullet may be re-
moved to aitach hose.

FORM H-16-SR °
SM- MW S71

5. WIND HOSE ON REEL

(Figure A) {Figure B)

Pull gently on hose until pawl droos into one of
the cut-out positions on the ratchet wheel. (Figure
A} Release hose slowly and allow to retract until
it is completely on the reel. Then, pull hose out
until the pawl drops into one of the locking notches
on the ratchet wheel (Figure B) to lock the reel.

6. REDUCE SPRING TENSION

If spring tension is grealer than needed to properly
retract the amount of hose attached, tension can
be decreased by winding hose completely on reel,
aliowing end of hose to pass‘“through the roller
assembly, and allowing spring 1o unwind until the
proper tension is reached. Relock thd reel, as
above, and pass hose back through rollers.

7. ATTACHING HOSE STOP

Draw hose throuah rollers
to point where hose stop
should be attached ac-
cording to your individual
requirements. At this
point, put the two halves
of hose stop over hose
and fasten with bolts pro-
vided.

IMPORTANT

A flexible connector must be used between the inlet
pipe and the swivel joint on the reel or our guarantee
will be void.

Spring motors are matched to a speczf:c length and

diameter of hose. The reel may not function properly -

if the length or diameter of hose varies from that for
which the reel is designed.

When ordering parts, always give model number and
serial number of reel and describe part as fully as
possible.

GUARANTEE: HANNAY REELS are guaranteed agsinst defects in ma-
terial and workmanship when installed according to ouwr instructions and
given proper care. Reels, or parts thereaf, which prove to be delective
when returned to us for our inspecticn, will be replaced free of charge.

Qur liability is limited 1o the extent of replacement of malerials only; no
allowances will be made tor damages or charges far labor in making
changes of repairs.

CLIFFORD B. HANNAY & SON, INC., WESTERLO, NEW YOHRK 12193

fE40L YAY aTod
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MODEL DESIGNATIONS

LETTER DESIGNATIONS

“R” — Roadranger® transmission.
“T” — Twin Countershaft type.
“Q" — Indicates overdrive.

o Unless stated otherwise, this manual applies to all models in the RT-613 series which
includes: RT-613, RTO-613.

NOTE

lllustrated parts lists with parts numbers are available upon re-
quest. Write Service Department, Eaton Corporation, Trans-
mission Division, 222 Mosel Ave., Kalamazoo, Michigan 49001.




DESCRIPTION

DESCRIPTION

Models in the RT-613 series are twin countershaft, Road-
ranger transmissions with 13 forward speeds and 3 reverse.

These units consist of a 5-speed front section and a 3-
range auxiliary section.

Ratios in the front section are used once through INTER-
MEDIATE range of the auxiliary and once through DI-
RECT range. This provides a simple Roadranger repeat
shift pattern.

All speeds are controlled with one lever. The range selec-
tion is made with a 3-position selector valve mounted on top
of the gear shift lever.

The twin countershaft design, developed by Fuller, splits
torque evenly between two countershafts, reducing gear
tooth pressure and wear. The floating mainshaft gears of
this design eliminate gear bushings and sleeves as gears
“float” between mating gears on the countershafts.

FLOATING GEAR PRINCIPLE

Mainshatt gear “floats”

between countershaft gears
—no bushing, no shaft sleeve

Mainshaft entirely
free of gear

Twin countershaft gears rotate mainshaft gear

SPECIFICATIONS

Speeds — 13 forward, 3 reverse.
Torque Capacity — 600 1b.-ft.

Clutch Housing Size — SAE No. 2, gray iron, deep only,
6-5 /8", for push or pull type clutches.

Power Take-off —
Openings: Two SAE standard for 6/8 pitch gears.
Right Side: Regular duty type, 6 bolt. PTO shaft pro-
jections limited.
Bottom Side: Heavy duty type, 8 bolt.

PTO Gear Speeds —
Right and Bottom: 33-tooth 6/8 pitch gears turning at
.723 engine speed.

Weight — 620 1bs.

Length — 34-11/16” from face of clutch housing to end
of splines on tailshaft.

Oil Capacity — 16 pints, depending upon inclination of en-
gine and transmission. There are two internal oil troughs
for improved lubrication.

@



& DESCRIPTION
GEAR RATIOS
RT-613 RTO-613
Speed Ratio % Step Ratio % Step
13th 1.00 .80
24 25
12th 1.24 1.00
29 29
Direct Range  11th 1.60 '1.29
28 28
10th 2.05 1.65
28 27
9th 2.62 2:11
- Range Shift 26 28
e 8th 3.29 2.65
24 24
7th 4.09 3.29
29 29
Intermediate 6th 5.26 4.24
Range 28 28
5th 6.74 5.43
28 28
4th 8.64 6.96
Range Shift 27 27
3rd 10.96 8.83
28 28
2nd 14.04 11.31
28 28
Low Range 1st 18.00 14.50
Dir. Rev. 2.97
Inter. Rev. 9.12
Low Rev. 19.00
=
o



OPERATION

OPERATION

In the following instructions it is assumed that the driver is familiar with motor trucks and
tractors, and that he can coordinate the necessary movements of the shift lever and clutch pedal
to make progressive and selective gear engagements in either direction, up or down.

Use Normal Double Clutching Pro-
cedures Between Shifts.

Shift this Pattern with Selector Valve
in LOW Range

Shift this Pattern with Selector Valve
in INTERMEDIATE Range

Shift this Pattern with Selector Valve

in DIRECT
W W ®
®e

RT-613 Gear Shift Lever Pattern and Selector Valve Positions

® O O

NEUTRAL

49 611 813
| 3

NOTE: For RTO-613 models, the 7/12
and 8/13 speed locations are reversed.

SELECTOR VALVE

9-10-11-12-13 e ="y

1-2-3 c——

4. Shift from 1st speed through 2nd and to
the 3rd speed gear position.

UPSHIFTING

1. With the transmission in neutral, start
engine and bring vehicle’s air pressure to
normal.

2. Make sure the selector valve is in the
LOW range position.

NEUTRAL

®

5. Move the selector frem LOW to IN-
TERMEDIATE range, and immediately
shift to the 4th speed gear position. After
the selector valve is moved, the auxiliary
will shift as soon as there is a relief in

torque.

NEUTRAL

3. Shift into the 1st speed gear position.
See page relating to transmission counter-
shaft brake.

:
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OPERATION

6. Shift progressively from 4th through Sth,
6th, and 7th to the 8th speed gear position.

@

NEUTRAL

ofo

7. Move the selector from INTERMEDI-
ATE to DIRECT range.

2. When in 9th and ready for the next
down shift, move the selector valve from
DIRECT to INTERMEDIATE range.

3. Move the shift lever to the 8th speed
gear position. As the lever reaches neutral
the auxiliary will automatically shift from
DIRECT to INTERMEDIATE range.

NEUTRAL

O

4. Shift from the 8th speed gear position
Q through each gear and to 4th.

T (?
: T

5. Move the selector valve from INTER-
MEDIATE to LOW and immediately shift
to the 3rd speed gear position. The auxil-
jary section will shift as soon as there is a

relief in torque.

o

6. Downshift from 3rd to 2nd and to 1st.

iR

8. Move the gear shift lever to the 9th
speed gear position. The auxiliary section
will automatically shift from INTERMEDI-
ATE to DIRECT when the gear shift lever
reaches neutral.

9. Shift upward from 9th through 10th,
11th and 12th to the 13th speed gear po-

W @
s
56

DOWNSHIFTING

1. Move the shift lever from the 13th speed
position through each successive lower
speed to the 9th speed gear position.

TCB-6
control
button

Figure 1.

Figure 2.

Model RT-613 transmission is equipped
with either a Transmission Countershaft
Brake, or an Upshift Clutch Brake.

Transmission Countershait Brake . ..
Model TCB-6 or TCB-8 . . . To be used
only to assist initial gear engagement in
first or reverse when vehicle is standing still.

Disengage clutch, press down control but-
ton and shift into first or reverse. (Figure
1.)

This is an air-operated mechanical brake
which slows down the transmission gearing
by forcing a piston against the transmis-
sion’s PTO gear.

Model TCB-6 mounts on the ‘6-bolt PTO
opening, model TCB-8 mounts on the 8-
bolt PTO opening.

Do not use an upshift brake. Use only
when vehicle is standing still.

Upshift Clutch Brake...To provide a
brake for initial gear engagement in first or
reverse, and to provide a brake capable of
use for upshifting when required with ad-
verse conditions.

Brake is activated by extreme clutch pedal
travel during regular upshift sequence.
(Figure 2.)

The upshift clutch brake is a disc-type brake
incorporated into the clutch and transmis-
sion drive gear cover assemblies,

When activated the upshift clutch brake
slows down the transmission gearing.

Do not use when downshifting. Do not
use as a brake to slow vehicle.




LUBRICATION

LUBRICATION

Heavy-duty engine oil. Make sure to specify heavy-
duty type meeting MIL-L-2104B specifications.

Mineral gear oil inhibited against rust, oxidation
and foaming.

Extreme pressure oils under some conditions might
form carbon deposits on gears, shafts, bearings and
synchronizer discs, and may also glaze friction sur-
faces of synchronizer discs—conditions which will
result in transmission malfunction and premature
failure. It is suggested that if these conditions exist,
and E.P. oil is being used, a change should be made
to straight mineral gear oil or heavy-duty engine
oil as recommended.

RECOMMENDED LUBRICANTS

ON-HIGHWAY VEHICLES

Type Grade Temperature
Heavy Duty Engine Oll SAE 50 Above+10°F.
MIL-L-2104B SAE 30 Below - 10°F.
Mineral Gear Oil SAE 90 Above+10°F.
R and O Type SAE 80 Below +10°F.
Mild E.P. Qil (except SAE 90 Above+10°F.
Sulfur-chlorine-lead type) SAE 80 Below +10°F.

MIL-L-2105B

OFF-HIGHWAY AND MINING EQUIPMENT

Heavy Duty Engine Oil SAE 50 Above+10°F.
MIL-L-2104B SAE 30 Below +10°F.
Special Recommendation — For extreme cold weather
where temperature is consistently below 0°F.

Heavy Duty Engine Oil SAE 20W Below 0°F.

MIL-L-2104B

FULLER TRANSMISSIONS are designed so that the internal parts operate
in a bath of oil circulated by the motion of gears and shafts. Grey iron parts have
built-in channels where needed, to help lubricate bearings and shafts.

Thus, all parts will be amply lubricated if these procedures are closely fol-

lowed:

1. MAINTAIN OIL LEVEL. INSPECT REGULARLY.

2. CHANGE OIL REGULARLY.

3. USE THE CORRECT GRADE AND TYPE OF OIL.

4. BUY FROM A REPUTABLE DEALER.

To keep the gear oil clean between oil changes use the Fuller Transmission
Gear Oil Filter which can be attached to the right-side power take-off opening.

This assembly includes a replaceable filter element that removes the accumulation
of metallic particles, road dirt and grit deposited in the lubricant.

Fuller Transmission Gear
Oil Filter.
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LUBRICATION

Draining Oil

To drain the transmission remove the two drain plugs:
One at the bottom of the front case and one at the bottom of
the intermediate case. Drain oil when transmission is warm.
After the transmission has been drained and before it is re-
filled, the case should be thoroughly flushed with a clean
flushing oil or kerosene. Do not use flushing compound if
unit is equipped with side or front mounted pressure lubrica-
tion pumps unless pump is removed and opening covered with
plate. Clean both drain plugs before reinstalling.

Refilling

In order to assure complete filling of the transmission
with 16 pints of oil, the following two methods may be used:

1) At any inclination: Plug both fill holes (one in the
front case and one in the intermediate case) and add entire
16-pint quantity through opening in shift bar housing. The
{ransmission must be completely drained before using this
method in order to avoid overfilling.

2) At upgrade inclinations from 0 through 3 degrees: Add
sufficient quantities through both fill holes to level the oil
at the bottom of both fill holes.

Do not overfill. Overfilling will cause the oil to be forced
out of the case through the mainshaft openings.

Adding Oil

It is recommended that types and brands of oil not be
intermixed because of possible incompatibility.

Additions of oil during servicing operations should be
made through both fill holes to level the oil at the bottom of
both fill holes with the transmission at a 0 to 3 Degree up-
grade angle.

Operating Temperature

It is imperative that the operating temperature of the
transmission does not exceed 250°F.

Extensive operation at temperatures exceeding 250°F.
will result in rapid breakdown of the oil and shorten trans-
mission life. -

Transmissions used in stationary equipment, or in ve-
hicles operating at slow road speeds, may have to be equipped
with external coolers so that the 250°F. temperature is not
exceeded.

Inspection

Gear oil is to be kept even with the level of the filler
opening at all times. Check at the following intervals:

Highway Service - 1,000 miles

Off-highway Service 40 hours

Gear Oil Change
Change the gear oil on all new equipment after the first

3000 to 5000 miles (on-highway), or first 40 hours (off-high-
way); thereafter, make oil changes as follows:

Highway Service ; 25,000 miles

Off-highway Service
Logging and associated operations .. 1,000 hours

Dirt moving, mining and

associated operations —.........250to 500 hours,
as indicated by operation and contamination of lu-
bricant.

Special Recommendation

The above oil inspection and change periods are based
on the average use and operating conditions for the applica-
tions listed. It is recommended that the individual owner
make a periodic lab analysis of the lubricant to determine
contamination based on the individual’s own operating con-
ditions. After this has been determined, the individual owner
can then set his own inspection and oil change periods.

Clutch Release Bearing

Lubricate the clutch release bearing after each 40 hours
of operation with Mobilgrease No. 5 or its equivalent.

Qil Filter

If so equipped, replace filter element at each oil change;
clean filter element housing.

N



PREVENTIVE MAINTENANCE CHECK CHART

PREVENTIVE MAINTENANCE CHECK CHART

CHECKS WITHOUT PARTIAL DISASSEMBLY
OF CHASSIS OR CAB

. Air System and Connections

Check for leaks, worn air lines, loose connections and
capscrews. See Air Systems.

2. Clutch Housing Mounting

a. Check all capscrews in bolt circle of clutch housing for
looseness.

3. Clutch Release Bearing

a. Remove hand hole cover and check radial and axial clear-
ances in release bearing.

b. Check relative position of thrust surface of release bearing
with thrust sleeve on push type clutches.

4. Clutch Pedal Shaft and Bores

a. Pry upward on shafts to check wear.

b. If excessive movement is found, remove clutch release
mechanism and check bushings in bores and wear on
shafts.

10

a. Remove air lines at air valve and remove the gear shift (

5. Gear Lubricant
a. Change at specified service intervals.

b. Use only gear oils as recommended. See Lubrication sec-

tion.

6. Filler and Drain Plugs

a. Remove filter plugs and check level of lubricant at speci-

fied intervals. Tighten filler and drain plugs securely.

7. Gear Shift Lever

a. Check for looseness and free play in housing. If lever is

loose in housing, proceed with Check No. 8.

8. Gear Shift Lever Housing Assembly

lever housing assembly from transmission.

b. Check tension spring and washer for set and wear.

¢. Check the gear shift lever pivot pin and pivot pin slot for

wear.

d. Check bottom end of gear shift lever for wear and check

slot of yokes and blocks in shift bar housing for wear at
contact points with shift lever.

e. If so equipped, check O-ring in housing for wear or cracks.

CHECKS WITH DRIVE LINE DROPPED

9. Universal Joint Companion Flange Nut

a. Check for tightness. Tighten to recommended torque.

CHECKS WITH UNIVERSAL JOINT
COMPANION FLANGE REMOVED

10. Output Shaft

a. Check splines for wear from movement and chucking ac-
tion of the universal joint companion flange.

b. Pry upward against output shaft to check radial clearance -~
in mainshaft rear bearing. ( )

11. Mainshaft Rear Bearing Cover (R\

a. Check oil seal for wear.
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GENERAL PRECAUTIONS FOR DISASSEMBLY

IMPORTANT: Read this section before starting
the detailed disassembly procedures.

It is assumed in the detailed disassembly instructions
that the lubricant has been drained from the transmission, the
necessary linkage and air lines removed and the transmission
has been removed from the chassis. Removal of the gear shift
lever housing assembly is included in the detailed instructions;
however, this assembly must also be removed from transmis-
sion before removing unit from vehicle.

Air lines from the range shift and splitter gear controls
must be disconnected at the transmission before removing
unit from vehicle.

Follow each procedure closely in each section, making
use of both the text and pictures. '

1. BEARINGS — Carefully wash and relubricate all bear-
ings as removed and protectively wrap until ready for use.
Remove bearings with pullers designed for this purpose.

BEARING
REMOVED WITH
PUNCH, DAMAGED
SHIELD.

BEARING
REMOVED WITH
CHISEL, DAMAGED
OUTER RACE.

11

2. ASSEMBLIES — When disassembling the various assem-
blies, such as the mainshaft, countershafts and shifting bar
housing, lay all parts on a clean bench in the same se-
quence as removed. This procedure will simplify reassem-
bly and reduce the possibility of losing parts.

3. SNAP RINGS — Remove snap rings with pliers designed

for this purpose. Rings removed in this manner can be re-
used.

4. INPUT SHAFT — The clutch or input shaft can be re-

moved without removing the countershafts, mainshaft or
drive gear. Refer to page 38.

5. CLEANLINESS — Provide a clean place to work. It is

important that no dirt or foreign material enters the unit
during repairs. The outside of the unit should be carefully
cleaned before starting the disassembly. Dirt is abrasive
and can damage bearings.

6. WHEN DRIVING — Apply force to shafts, housings,

etc., with restraint. Movement of some parts is restricted.
Do not apply force after the part being driven stops solidly.
Use soft hammers and bars for all disassembly work.

DISASSEMBLY PRECAUTIONS




DISASSEMBLY — SHIFTING CONTROLS

DISASSEMBLY INSTRUCTIONS

I. SHIFTING CONTROLS “lp
T
RARGE 1s ] CONNECTORS (3)
CONTROL VALVE i
g
O - RING
SHEATHING
O - RING

GEAR SHIFT LEVER
HOUSING

1/8" 0. D. AIR LINE
(3)

SHIFT BAR HOUSING

AIR

AIR FILTER/REGULATOR ALVE

ASSEMBLY
1/4'" 1.D. AIR LINES (4)

12




DISASSEMBLY — SHIFTING CONTROLS

A. Removal and Disassembly of the Range Shift Air System

1. If so equipped, disconnect the two ¥’ OD countershaft

brake control air lines at the control valve. 4. Disconnect the ¥8” OD air line at the tee block fitting be-

tween the air filter and regulator.

-
-
5. Disconnect the ¥8”” OD range shift control air line at the
rear port of the slave air valve.
2. Loosen the clamp and remove the countershaft brake
control valve from the shifting lever.

\/

= :

AN 3. Disconnect the ¥8” OD air line at the TCB-6 brake on 6. Disconnect the ¥&” OD range shift air line at the for-

the right side PTO opening. ward port of the slave air valve.

13




DISASSEMBLY — SHIFTING CONTROLS

-

A. Removal and Disassembly of the Range Shift Air System — Continued

7. Disconnect the ¥8” OD range shift control air line at the
intermediate shift cylinder.

10. Remove the ¥ ID air line between the air valve and
NOTE: If desired, the gearshift lever housing, control valve the direct range port of the auxiliary shift cylinder.
and air lines can now be removed from the shift bar hous-
ing as a unit by turning out the four capscrews at the base
of the gearshift lever housing.

11. Remove the 4" ID air line between the air valve and
8. Disconnect the three ¥’ OD air lines at the control the low range port of the auxiliary shift cylinder.

valve.

12. Remove the 4" ID air line between the air valve and (-‘3

9. Loosen the jam nut and turn the nut and control valve the air filter /regulator assembly. If so equipped, the
from the shifting lever. Remove the air lines, sheathing hose-retaining clamp will have to be removed to allow -
and O-rings from the lever. removal of the air line.

14



DISASSEMBLY — SHIFTING CONTROLS

16. Remove the hat-type sleeve from the bore in the valve.

13. Remove the 4" ID air line between the air filter /regu-
lator assembly and the intermediate shift cylinder.

17. Remove the spring and plunger from the bore in the
transmission.
14. Turn out the two capscrews and remove the air filter/
regulator assembly. For further disassembly of the unit,
refer to page 85.
4 15. Turn out the four retaining capscrews and remove the

e slave air valve from the transmission. For further dis-
assembly of the valve, refer to page 84.

15



DISASSEMBLY - SHIFTING CONTROLS

B. Removal and Disassembly of the Gear Shift Lever Housing Assembly

PIVOT PIN CAPSCREW

\@@\WL;\ @

= 2. Secure the assembly upside down in a vise and remove
°’ the tension spring by prying it up and over the spring
I retainers, one coil at a time.
O-RING

@_— WASHER

= SPRING

4. Remove the housing from the vise and, if necessary, re-
move the nut, washer, pivot pin, and O-Ring.

1. Turn out the four retaining capscrews, jar lightly to
break the gasket seal, and lift the assembly from the shift
bar housing.

16
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C. Removal and Disassembly of the Shift Bar Housing

DISASSEMBLY — SHIFTING CONTROLS

g—ﬂ- CAPSCREW (2)

ACTUATINGS ~ GASKET

PLUNGER TENSION SPRING (3)
I4— PLUG
_— | | TENSION BALL (3)
ﬁ G N,

GASKET

TERLOCK
1st- REVERSE SHIFT ___
BAR

2nd - 3rd SPEED _—
SHIFT YOKE

4th - 5th

”INTERLOCK PIN
o INTERLOCK

<K

SHIFT BAR HOUSING

1st - REVERSE
" SHIFT YOKE

2nd - 3rd SPEED
SHIFT BAR

4th - 5th SPEED SHIFT
BAR

%\ LOCKSCREW

SPEED SHIFT YOKE

17
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C. Removal and Disassembly of the Shift Bar Housing — Continued

1. Turn out the 13 retaining capscrews, jar to break gasket
seal, and remove the shift bar housing from the trans-
mission.

2. Turn out the two capscrews and remove the tension
spring cover.

3. Remove the three tension springs.

18

s —

4. Remove the three tension balls located under the springs.

NOTE: For ease of reassembly, lay all parts on a clean
bench in order of removal. Bars not being removed must be
kept in the neutral position or interlock parts will lock the
bars.

5. Place the shift bar housing in a vise, cut the lockwire,
turn out the lockscrew and pull the Ist-reverse shift bar
from the housing, removing the yoke.

6. Cut the lockwire, turn out the lockscrew and pull the
2nd-3rd speed shift bar from the housing, removing the
interlock pin from the neutral notch; remove yoke.
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()

I

7. Remove the actuating plunger from the housing.

8. Cut the lockwire, turn out the lockscrew and pull the
4th-5th speed bar from the housing, removing the yoke.

19

9. Remove the two interlock balls from the web of the
housing.
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II. COMPANION FLANGE AND CLUTCH HOUSING

A. Removal of the Companion Flange

3. Remove the speedometer drive gear or replacement
spacer from the companion flange or yoke.

|

1. Lock the transmission in two speeds and turn the nut
from the tailshaft.

2. Pull the companion flange or yoke from the splines of
the tailshaft.

20
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)
\

Remove the clutch release mechanism or upshift clutch 2. Jar the housing to break the gasket seal and pull from
brake assembly and turn out the six nuts and two bolts the studs and transmission case.
which attach the clutch housing to the case.

21
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lll. AUXILIARY REAR HOUSING ASSEMBLY

SPEEDO REPLACEMENT
SPACER

REAR BEARING CAPSCREW (6)

ASSEMBLY

CAPSCREW (19)

OIL SEAL

@m:somsw

GASKET

REAR BEARING
HOUSING

GASKET (2)

AUXILIARY
COUNTERSHAFT
REAR BEARING

COVER (2)

GASKET AUXILIARY REAR HOUSING

A. Removal of the Rear Housing Assembly

1. Turn out the four capscrews and remove the cover from R
the intermediate shift cylinder. * 2. Remove the locknut from the shaft in the cylinder.

22



3. Pull evenly to the rear and remove the cylinder housing
from the bore in the auxiliary housing.

4. Remove the piston from the cylinder housing and, if
necessary, remove the O-ring from the outer diameter of
the piston.

5. If necessary, remove the O-rings from the bore in the
cylinder housing and the shaft.

23
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6. Turn out the capscrews and remove the two rear coun-
tershaft bearing covers.

£

7. Remove the snap ring from the rear of both counter-
shafts.

8. Turn out the 19 capscrews which attach the rear housing
to the intermediate case. Re-insert one capscrew near
both dowel pin locations and turn in just far enough to
catch two or three threads.
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A. Removal of the Rear Housing Assembly — Continued

12. Remove the flat stock and puller screws. Move the rear
housing to its original position against the intermediate
housing by turning in evenly the two remaining cap-
screws. This will expose the two rear bearing snap rings.

9. Insert three puller screws and move the rear housing ap-
proximately ¥4” to the rear.

10. Insert flat stock, such as flat-bladed screwdrivers, be-
tween the auxiliary and intermediate housings.

11. Use a soft bar and mall against the rear of both coun-
tershafts to move them as far forward as possible. This
will move the bearings to the rear on the shafts.

13. Attach a bearing puller to each snap ring and remove
both rear bearings from the countershafts.

24
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14. Remove the two remaining capscrews. Attach a chain
hoist to the rear housing and move the assembly straight
to the rear and away from the intermediate housing,
taking care not to damage the oil trough located at the
top rear of the intermediate housing. Mount the assem-
bly in a vise in the upright position.

25
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B. Removal and Disassembly of the Auxiliary Shift Cylinder

CYLINDER HOUSING CAPSCREW (4)
CYLINDER COVER

ELASTIC STOP NUT ,

@@/

PISTON O-RINGS GASKET S

__|

CAPSCHEW (4)

SHIFT YOKE

SHIFT YOKE BAR HOUSING O-RING

1. Turn out the four capscrews and remove the cover from 2. Remove the locknut from the shifting shaft in the cyl-
the shift cylinder. inder.

26




3. Cut the lockwire and turn out the two yoke lockscrews.

P
—

4. Push the shifting shaft and piston to the rear and remove
from the cylinder housing. At the same time remove
shifting yoke from sliding clutch gear.

e
pas
~
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5. Remove the piston from the shaft and remove the O-rings
on the inner and outer diameters of the piston.

6. Turn out the four capscrews and remove the cylinder
housing from the bore in the auxiliary rear housing. Re-
move the O-ring from the bore in the cylinder housing.
Remove synchronizer assembly from splines of tailshaft.
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C. Disassembly of the Synchronizer Assembly

SLIDING CLUTCH
SPRING (3)

LOW SPEED RING

DIRECT RING

I. Pull the direct synchronizer from the blocker pins of the 2
low speed synchronizer. Place a cloth over rings during
removal as the three springs in the direct ring will be re-
leased at the pin locations.

. Remove the sliding clutch from the low speed synchro-
nizer.

()

C)
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D. Removal and Disassembly of the Tailshaft and Low Speed Gear Assembly

DISASSEMBLY — AUXILIARY REAR HOUSING

TAILSHAFT STEPPED WASHER

SPLINED
SPACER

LOW SPEED GEAR

WASHER

SNAP RING

TAILSHAFT
NUT

|. Use a soft bar and mall against the rear of the tailshaft
to move the assembly forward and from the rear bearing.

29

2. Remove the bearing inner sleeve from the shaft.
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3. Use the low speed gear as a base to press the bearing
from the shaft and to free the gear and rear washer.

5. Remove the stepped washer from the shaft. C
)

L : 6. If necessary, remove the snap ring from the inner diam- t"
4. Remove the splined washer from the shaft. eter of the low speed gear.

30
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7. Turn out the capscrews and remove the rear bearing cov-
er. If necessary, remove the oil seal from the cover.

8. Remove the bearing rear cone.

31
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9. Remove the two bearing cups and outer spacer from the
housing bore.
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IV. AUXILIARY INTERMEDIATE HOUSING

AUXILIARY COUNTERSHAFT (2)

/
WASHER
(2
STUD (2)—

- — Q@I

SPACER (2) DRIVE SCREW

(4)

INTERMEDIATE HOUSING —— \ o OIL RESERVOIR

DOWEL PIN (2)

OIL FILLER

PLUG
GASKET \

MAGNET

A. Removal and Disassembly of the Intermediate Housing and Gearing

2. Remove the intermediate drive gear from the shaft and
if necessary, remove the two snap rings and plate from
the inner diameter of the intermediate drive gear.

1. Cut the lockwire, turn out the two capscrews and remove
the plate from the rear of the mainshaft.

32
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)

(

3. Cut the lockwire and turn out the lockscrew from the 5. Remove the left countershaft from the housing, using
intermediate shift yoke. caution to avoid damage to the oil trough.

6. Remove the shift yoke and pull the auxiliary drive gear
and sliding clutch assembly from the splines of the main-
shaft. Both sections must align with the splines for re-

4. Remove the intermediate shift shaft from the housing. moval.

33
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A. Removal and Disassembly of the Intermediate Housing and Gearing — Continued

9. Turn out the three capscrews and remove the oil trough

from the intermediate housing.
o sl S

7. Pull the right auxiliary countershaft from the intermedi-
ate case.

10. Remove the snap ring spacers from the front counter-
shaft bearing bores.

11. Turn out the 13 remaining capscrews and remove the

8. Pull the front bearings from the countershafts if neces-
intermediate housing from the transmission.

sary.
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DISASSEMBLY - AUXILIARY INTERMEDIATE HOUSING

B. Disassembly of the Auxiliary Drive Gear/Clutch Gear Assembly

DRIVE GEAR—

( RETAINER
SNAP RING \\

CLUTCH GEAR

NOTE: Assembly should be disassembled only if absolutely
necessary. The retaining pin is not reusable and must be
replaced.

1. Align one of the holes in the small diameter of the drive
gear with the retaining pin of the clutch gear and mount
the assembly in a vise.

2. Remove the bended end of the pin and drive the pin
down and through the hole in the drive gear.

35

3. Position the snap ring in the clutch gear so that the re-
taining pin hole is approximately ¥2”" from the open sec-
tion of the snap ring. Insert a small Allen wrench or
equivalent into the retaining pin hole and force down so
that the snap ring is forced out of the groove. Insert a
small screwdriver between the snap ring and clutch gear
and pry the snap ring from the groove.

4, Remove the drive gear from the clutch gear and, if neces-
sary, remove the snap ring from the drive gear.
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V. FRONT SECTION

A. Removal of the Right Countershaft Bearings |

3. Remove the snap ring from the rear countershaft bear-
ing bore and install in the front bearing snap ring groove.

1. Loosen, but do not remove the two mainshaft rear bear-
ing retainers.

4. Use a soft bar and mall to move the assembly to the rear
as far as possible, partially unseating the front bearing
from the shaft.

2. Use a soft bar and mall against the rear of the right coun- il S - : §
tershaft to drive the assembly as far forward as possible, 5. Move the countershaft forward and remove

exposing the snap ring groove in the front bearing. bearing with a puller or pry bars.

the front

36
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6. Use a blunt punch or equivalent from inside the case and
tap the rear bearing back approximately 14" on the e il ! ; .
§haft. Tap on the outer race to avoid damaging the bear- 8. Remove the snap ring from the front bearing and install
mg. on the rear bearing. Use a puller or pry bars to remove

: . ' the rear bearing, and re-tighten the two mainshaft rear
bearing retainers.

—
w
7. Use a soft bar and a mall to drive the countershaft to the
rear, exposing the snap ring groove in the rear bearing.
| .
=
W
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B. Removal of the Clutch Shaft

FRONT MAINSHAFT SPACER
BEARING

SNAP RING

SNAP RING

DRIVE GEAR

CLUTCH SHAFT

BUSHING

1. Remove the front bearing cover or upshift clutch brake
plate.

2. Move the drive gear and shaft as far forward as pos-
sible and remove the snap ring from the groove in the
clutch shaft.

38

3. Hold the shaft in position and then tap the drive gear

forward to unseat the front mainshaft bearing.

4. Use a puller or pry bars to remove the bearing from the

shaft.

C
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7. Pull the shaft forward and from the splines of the drive
gear.

s

—
6. Remove the snap rng from the inner diameter of the B \ B Ll ; B !
drive gear. 8. Move the drive gear to the rear and against the 4th speed
gear, engaging the splines of the sliding clutch.
=
N
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C. Removal of the Left Reverse Ildler Gear

THRUST WASHER

ELASTIC STOP NUT IDLER SHAFT AND
> PIN ASSEMBLY

NEEDLE BEARING

WASHER IDLER GEAR

1. Remove the elastic stop nut and washer from the reverse 3. Remove the thrust washer and gear from the case.
idler shaft.

2. Push the shaft to the rear and remove from the case. 4. Remove the needle bearing from the gear.

40
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DISASSEMBLY — FRONT SECTION

D. Removal and Disassembly of the Mainshaft

1st SPEED GEAR KEY AND PIN ASSEMBLY
4th SPEED GEAR (RT-613) I

OVERDRIVE GEAR (RTO-613)

SPLINED WASHER

SNAP RING | ond SPEED GEAR REVERSE MAINSHAFT

3rd SPEED GEAR GEAR

SLIDING CLUTCH
GEAR

1. Remove the two mainshaft rear bearing retainers, and 3. Center the front of the mainshaft in the case bore and

remove the snap ring from the groove in the rear of the remove the centering ring. Remove the six springs from
mainshaft. Use caution as this will free the spring-loaded the centering ring.

centering ring.

NOTE: It may be necessary to relieve pressure on the snap
ring by tapping on the front of the mainshaft.

S 4, Keep the mainshaft centered and tap to the rear to ex-
2. Remove the splined retainer from the mainshaft. pose the mainshaft rear bearing snap ring.
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L

D. Removal and Disassembly of the Mainshaft — Continued

4

6. Remove the reverse gear washer from the mainshaft.

7. Block the right countershaft against the side of the case
and move the mainshaft assembly to the rear. Tilt the
front of the shaft up and lift the assembly from the case.
Use caution as the reverse gear is free and can fall from
the shaft during removal. Remove the reverse gear from
the mainshaft.

42

8. Secure the mainshaft assembly in a vise with the pilot
(front) end up and remove the drivegear.

9. Remove the 4th-5th speed sliding clutch.
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Remove the snap ring from the groove in the hub of
the 4th speed gear

13. Lift the key and remove the 3rd speed gear splined
Remove the 4th speed gear and splined washer. washer.
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@)

D. Removal and Disassembly of the Mainshaft — Continued

e i £ e b ﬁf‘g"%uu‘h; Wil aad
16. Remove the reverse gear splined spacer and the - Ist-
reverse sliding clutch.

17. Remove the 1st and 2nd speed gears and splined spac-
ers.

0 B _; S e

15. Remove the assembly from the vise and pull the key
from the mainshaft.
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E. Removal and Disassembly of the Countershaft Assemblies

4th SPEED GEAR (RT-613)

OVERDRIVE GEAR (RTO-613) 2nd SPEED/PTO GEAR CLUSTER KEY ROLL PIN

: / ©— WOODRUFF KEY
FRONT BEARING ‘ s

l Rvvas REAR BEARING

DRIVE GEAR 3rd SPEED GEAR SNAP RING

j e s - 3. Remove the snap ring from the front of both counter-
1. Remove the blocking and lift the right countershaft from shafts.
the case.

2. Remove the left countershaft bearings in the same man-
ner as those removed from the right and lift the left
countershaft from the case.
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E. Removal and Disassembly of the Countershaft Assemblies — Continued

4. Press the drive gear from the shaft.

5. Press the 4th speed gear from the shaft.

46

6. Using the rear face of the PTO gear as a base, press the
3rd speed gear and PTO/2nd speed gear cluster from
the shaft. If necessary, remove the Woodruff key, long
key and roll pin from the shaft.

NOTE: Countershafts are identical and disassembled in the
same manner.

F. Removal of the Right Reverse Idler Gear

1. Remove the right reverse idler gear in the same manner
as the left, as both are identical.

QO
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INSPECTION

Before reassembling the transmission, the individual parts should be carefully checked to eliminate those
damaged from previous service. This inspection procedure should be carefully followed to insure the maxi-
mum of wear life from the rebuilt unit.

The cost of a new part is generally a small fraction of the total cost of downtime and labor, should the
use of a questionable part make additional repairs necessary before the next regularly scheduled overhaul.

Recommended inspection procedures are set forth in the following check list:

A. Bearings C. Splines
1. Wash all bearings in clean solvent. Check balls, rolls and 1. Check splines on all shafts for wear. If sliding clutch gears,
races for pits and spalled areas. Replace bearings which companion flange or clutch hub have worn into the sides
are pitted or spalled. of the splines, the shafts in this condition should be re-
. . . laced.
2. Lubricate bearings which pace
are not spalled or pitted
and check for axial and
radial clearances. Re-
place bearings with ex-
cessive clearances. D. Thrust Washers

1. Check surfaces of all
thrust washers. Washers
scored or reduced in
thickness should be re-
placed.

3. Check fits of bearings in
case bores. If outer races
turn freely in the bores,
the case should be re-
placed.

E. Reverse Gear and Shaft

1. Check bearing sleeve for wear from action of roller bear-

ings.
B. Gears
1. Check operating gear teeth for pitting on the tooth faces.
Gears with pitted teeth should be replaced. F. Gray Iron Parts

1. Check all gray iron parts for cracks and breaks. Replace
or repair parts found to
be damaged. Heavy cast-
ings may be welded or
brazed providing the

2. Check all engaging gear teeth. Gears with teeth worn, ta-
pered or reduced in length from clashing in shifting should
be replaced.

3. Check axial clearances of gears. Where excessive clear- cracks .do not extend in-
ance is found, check gear snap ring, washer, spacer and to bearing bores or bolt-
gear hub for excessive wear. Maintain .005 to .011 axial ing surfaces.

clearance of mainshaft forward speed gears, .011 to .032
on reverse gear.
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G. Clutch Release Parts

1. Check clutch release paris. Replace yokes worn at cam
surfaces and bearing car- ’ g
rier worn at contact pads. -

2. Check pedal shafts. Re-
place those worn at bear-
ing surfaces.

H. Shifting Bar Housing Assembly

. Check yokes and blocks for wear at pads and lever slot.
Replace worn parts.

—

2. Check yokes for align-
ment. Straighten those
which are sprung.

3. Check yokes for exces-
sive wear; replace worn
yokes.

4, Check lockscrews in
yokes and blocks. Tight-
en and rewire those
found loose.

5. If housing has been dismantled, check neutral notches of
shifting bars for wear from interlock balls. Bars indented
at points adjacent to the neutral notch should be replaced.

I. Gear Shift Lever Housing Assembly

1. Check spring tension on shift lever. Replace tension spring
and washer if lever moves too freely.

2. If housing is dismantled, check pivot pin and correspond-
ing slot in lever for wear. Replace both parts if worn. If
so equipped, check O-ring in housing for wear or cracks.

48

J. Bearing Covers

1. Check covers for wear from thrust of adjacent bearing.

Replace covers worn and grooved from thrust of bearing
outer race.

2. Check bores of covers for wear. Replace those worn over-

size.

K. Oil Return Threads and Seals

1. Check oil return threads in front bearing cover. If sealing

action of threads has been destroyed by contact with in-
put shaft, replace the cover.

. Check oil seal in mainshaft rear bearing cover. If sealing

action of lip has been destroyed, replace seal.

L. Synchronizers

1. Check high and low range synchronizers for burrs, un-

even and excessive wear at contact surface.

2. Check blocker pins for excessive wear or looseness.

3. Check synchronizer contact surfaces on the high and low

range gears for excessive wear.

M. Sliding Clutches
1. Check all yokes and yoke slots in sliding clutches for ex-

treme wear or discoloration from heat.

2. Check engaging teeth of sliding clutches for partial engage-

ment pattern.

)
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GENERAL PRECAUTIONS FOR REASSEMBLY

IMPORTANT: Read this section before starting
the detailed reassembly procedures.

Make sure that interiors of case and housing are clean.
It is important that dirt be kept out of transmission during re-
assembly. Dirt is abrasive and can damage polished surfaces
of bearings and washers. Use certain precautions, as listed
below, during reassembly.

1. GASKETS — Use new gaskets throughout the trans-

mission as it is being rebuilt. Make sure all gaskets are

e > installed, as omission of gas-

ket can result in oil leakage or

misalignment of bearing cov-

ers. See “Location of Gas-
kets” heading.

2. CAPSCREWS — To prevent oil leakage, use shellac on
all capscrews. See torque rating chart for recommended
torque.

3. O-RINGS — Lubricate all O-rings with “Dow Corning
200 Fluid,” 50,000 cs.

4. ASSEMBLY — Refer to the disassembly illustrations as
a guide to reassembly.

5. INITIAL LUBRICATION — Coat all thrust washers
and splines of shafts with Lubriplate during installation
to provide initial lubrication, preventing scoring and
galling.

6. AXIAL CLEARANCES—Maintain original axial clear-
ances of mainshaft forward speed gears of .005” to
.011”. Mainshaft reverse gear clearance is .011"” to
.032".

49

7. BEARINGS — Use of flanged-end bearing drivers is

recommended for the installation of bearings. These
drivers apply equal force
to both races of bearing,
preventing damage to balls
and races and maintaining
correct bearing alignment
with shaft and bore. If tu-
bular or sleeve type driver
is used, apply force only to
inner race.

8. UNIVERSAL JOINT COMPANION FLANGE — Pull

the companion flange tightly into place with the main-
shaft nut, using 450-500 foot-pounds of torque. Make
sure the speedometer gear has been installed on yoke. If
a speedometer gear is not used, a replacment spacer of
the same width must be used. Failure to pull the yoke or
flange tightly into place will permit the shaft to move
axially with resultant damage to rear bearing.

REASSEMBLY
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REASSEMBLY INSTRUCTIONS

I. FRONT SECTION

A. Installation of the Right Reverse Idler Gear

1. Install the needle bearing in the bore of the gear.

3.

2. Slide the thrust washer into position on the rear of the
case boss and hold the gear behind the washer.

50

4. Secure the shaft with the washer and elastic stop nut.

Make sure that the roll pin is in place in the large diam-
eter of the idler shaft and insert the saft through the
gear, washer and boss, aligning the roll pin with the
notch in the rear case bore.
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B. Reassembly and Installation of the Countershafts

NOTE: Countershafts are identical and assembled in the
same manner.

1. If previously removed, install the roll pin, long key and
Woodruff key in the countershaft.

v

3. Press the 3rd speed gear onto the shaft with the long hub
to the rear.

2. Press the PTO/2nd speed gear cluster onto the shaft.

4. Press the 4th speed gear onto the shaft with the long hub

NOTE: For RTO-613 models, the drive gear and 4th speed
to the front.

gear locations are reversed.

51



REASSEMBLY - FRONT SECTION

B. Reassembly and Installation of the Countershafts — Continued

- i

R e 2 - =
rive gear of each shaft mark the gear tooth

7. On the Md

which is aligned with the keyway. The tooth is also
stamped with an “O”,

5. Press the drive gear onto the shaft with the long hub to
the rear.

i

6. Install the snap ring in the groove in the front of the
countershaft,

52
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11. Install the snap ring in the groove in the rear bearing
bore.

9. Center the rear of the countershaft in the case bore and
partially install the front bearing on the shaft and in the
case bore. Partially install the rear bearing.

S

(

10. Use a bearing driver to complete installation of the
front and rear bearings.

12. Place the right countershaft into position but DO NOT
install the bearings.

ol
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C. Reassembly of the Mainshaft

. Install the 2nd speed gear on the splined washer, clutch-

w

1. Place the mainshaft in a vise with the pilot (front) end
down, keeping the keyway free for insertion of the key.

1

2. Install the 2nd speed gear washer t thé 2n‘d'speed 'gear . f d
location, inserting the key from the bottom to lock the 4. Install the 1st speed gear against the 2nd speed gear,
washer in position. clutching teeth up.
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).

(

5. Insert the splined washer in the hub of the 1st speed gear.
Align the washer with the mainshaft splines and move
the key up to lock the washer in position.

6. Install the Ist-reverse sliding clutch, aligning the slot in
the clutch with the key.

55

7. Install the reverse gear splined washer, align the keyway
and lock in position with the key.

8. Reposition the assembly in the vise with the pilot end up
and pull the key up approximately %2”. Install the 2nd-
3rd speed sliding clutch, aligning the slot in the clutch
with the key.
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O

C. Reassembly of the Mainshaft — Continued

9. Slide the 3rd speed gear splined washer down over the 11. Install the 4th speed gear against the 3r speed gear,
key and push the key down into position, with the pin clutching teeth up.
_in the key resting on top of the washer.

10. Install the 3rd speed gear on the splined washer, clutch- 12. Install the 4th speed gear splined washer on the shaft
ing teeth down. and in the hub of the gear.
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15. Remove the mainshaft from the vise. Install the 4th-
Sth speed sliding clutch on shaft and install the drive
gear against the 4th speed gear, clutching teeth towards
the 4th speed gear and engaging the sliding clutch.

e
13. Install the snap ring in the groove in the mainshaft to
secure the 4th speed gear splined washer.
16. Place the reverse gear on the splined washer which is
locked to the shaft.
14. IMPORTANT: Mark two adjacent teeth on the drive
gear and the two teeth directly opposite for timing pur-
poses.
i
—
o
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D. Installation of the Mainshaft Assembly

1. Block the right countershaft against the wall of the case
and place the mainshaft into position, meshing gears with
those of the left countershaft.

3. Seat the mainshaft rear bearing in the case bore.

58

i

amount of grease or equivalent in each of the centering
ring bores to hold the springs in place. Place the center-
ing ring on the shaft and slide into the rear bearing
against the reverse gear washer.

face towards the centering ring.

6. Place the snap ring on the shaft against the splined re-
tainer washer.

4. Install the six springs in the centering ring using a small

5. Install the splined retainer washer on the shaft, cone sur-

O
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7. Block against the front of the mainshaft and use a sleeve
driver to move the centering ring, retainer washer and
snap ring forward until the snap ring seats in the groove
in the mainshaft.

8. Install the rear bearing retainers and secure the cap-
screws with the locking lugs.
-
p—
—
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9. Slide the drive gear forward off the splines of the sliding
clutch and align the timing marks with the marked tooth
on the left countershaft.

10. Slide the 4th-5th speed hding cutch forard en-
gage the splines of the drive gear.
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O

E. Installation of the Clutch Shaft

1. If previously removed, install bushing in pocket of clutch
shaft; install flush with shaft, making sure that oil hole in
shaft is not plugged.

5. Install the drive gear bearing oth shaft and in the
case bore.

2. Insert the clutch shaft into the drive gear.
i

6. Install the snap ring in the groove in the shaft, flat side
towards the bearing.

3. Install the snap ring in the inner diameter of the drive s - & ;
gear. 7. Install the front bearing cover or upshift clutch brake.
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F. Installation of the Right Countershaft Bearings

3. Use a bearing driver to complete the installation of the

bearings.

1. Engage the timing tooth on the right countershaft be-
tween the two marked teeth on the drive gear, ensuring
that the left countershaft is still in time.

LN
R
4. Install the snap ring in the groove in the rear counter-
; : ,_ o shaft bearing bore. Drive both countershafts back until
2. Center the rear of the shaft in the bore and partially in- the rear bearings seat against the snap rings.
stall the front bearing. Partially install the rear bearing.
G. Installation of the Left Reverse Idler Gear
1. The left reverse idler gear is installed in the same man-
ner as the right, as both are identical. Refer to page 50.
o
W
'/-'\
\-/,
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—

Il. AUXILIARY INTERMEDIATE HOUSING

A. Reassembly of the Auxiliary Drive Gear/Clutch Gear Assembly

1. If previously removed, install the snap ring on the drive
gear, large diameter facing out.

2. Place the small diameter of the drive gear inside the
clutch gear and mount the assembly in a vise so that the
two gears are forced together. For ease in installation of
the retaining pin, place the snap ring so that the open
section is underneath the retaining pin hole.

3. Use two screwdrivers to pry the snap ring into position
inside the clutch gear.
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4. Align one of the holes in the drive gear with the retain-
ing pin hole and insert the pin from inside the drive gear
into place in the pin hole with the elbow bend facing
away from the clutch gear. Turn the drive gear so the pin
cannot fall out. Use a hammer and punch to bend the
end of the retaining pin down in between the teeth of the

clutch gear.
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| B. Reassembly of the Intermediate Section

1. Place the intermediate housing on the dowel pins and . . .
against the front case. 4. Install the metal oil trough in the intermediate housing

with two capscrews in the front wall and one capscrew
in the top of the housing. The spacer is placed between
the oil trough and the top of case.

S~
2. Secure the intermediate housing to the front case with 13
capscrews (9 short, 4 long.) DO NOT install capscrews
in the two top center holes.

) 5. IMPORTANT: Mark the low speed gear tooth identified
. with an “O” on each auxiliary countershaft for timing
b purposes. Then mark the tooth on the intermediate and
: T SR drive gears which align with this tooth. If previously re-
— 3. Place a snap ring spacer in both front auxiliary counter- moved, install the bearing on the front of each counter-

shaft bearing bores. shaft, seating against the shaft shoulder.
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O

B. Reassembly of the Intermediate Section — Continued

6. Place the left countershaft into position, but do not com- 9. Install the auxiliary drive gear and sliding clutch assem-

pletely seat the front bearing in the bore. bly on the splines of the mainshaft, aligning both sections
with the splines. Mesh the marked tooth on each coun-
tershaft between the marked teeth of the auxiliary drive

gear.

O

NOTE: Keep the marked teeth on the countershafts parallel.

7. Place the right countershaft into position, but donot com-
pletely seat the front bearing in the bore.

8. On the auxiliary drive gear and sliding clutch assembly 10. Place the intermediate shift yoke in the yoke slot of the
mark two adjacent teeth on the drive (larger width) gear auxiliary drive gear /sliding clutch assembly, hub to the

and mark the two teeth directly opposite. rear.

OO
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11. Install the intermediate shift shaft through the bore in 13. Place the drive gear on the rear of the mainshaft, mesh-
the housing and the yoke hub. Secure with the lock- " ing the marked tooth on each countershaft between the
screw and wire. marked teeth on the drive gear.

=
-

14. Install the retaining plate on the rear of the mainshaft
with the two capscrews. Tighten and wire the capscrews
securely.

12. If previously removed, install the snap ring, plate, and
& second snap ring in the inner diameter of the intermedi-
. ate drive gear, noting that the raised side of the plate
G faces towards the clutching teeth of the drive gear.
(- Mark two adjacent teeth on the gear and the two teeth

directly opposite.
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