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HCH	 High-capacity hydraulic winch
100	 Maximum rated first-layer line pull capacity, pounds (x 1,000)
A	 Model series related to design changes
207	 Total gear-reduction ratio (207:1)
V	 Variable displacement piston motor
084	 Hydraulic motor displacement, cubic inches/revolution

Model numbers and serial numbers are located on the top 
of the motor-side end plate. 

Always refer to the model number and serial number when 
requesting information or service parts.

EXPLANATION OF MODEL NUMBER

MODEL IDENTIFICATION

TO ORDER:

1.	 List model and serial numbers of the winch.
2.	 Refer to exploded view, select the component(s) needed, and note item number.
3.	 Find item number on parts list. Show part number, description, and quantity required on your order.
4.	 Refer to Parts List and show price for each component or assembly.

HCH	 100		 A	 –	 207		 V	 084	 
POWER 
DRUM

MAX
RATING

GEAR
RATIO

MOTOR 
TYPE

MOTOR 
SIZE

MODEL 
SERIES

Read this entire publication and retain it for future reference.

This parts list has been prepared to provide service information for the CARCO Model HCH100 tractor winch D8R and 
D8T tractors. Some illustrations in this manual may show details or attachments different from your unit. Some compo-
nents may have been removed for illustrative purposes. 

For inquiries regarding your CARCO winch or this publication, please contact the CARCO Service Department at 918-
251-8511, Monday through Friday, 8:00 a.m. to 4:30 p.m. (CST).

FOREWORD
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Brake Valve — A hydraulic counterbalance valve is usually bolted to the winch port of the hydraulic motor. It allows 
oil to flow freely through the motor in the winching direction. When oil pressure tries to rotate the motor in the lowering 
direction, the brake valve blocks the flow of oil out of the motor until the internal static brake is released. It then controls 
lowering speed based on the load and flow of oil to the motor. All the heat generated by controlling the speed of the load 
is dissipated by the hydraulic system, not by the internal static brake.

Sprag or Overrunning Clutch — A mechanical one-way clutch on the input shaft of the winch, between the input shaft 
and the static mechanical brake. The clutch allows the input shaft to turn freely in the direction required to spool cable 
onto the drum (such as lift a load), then immediately locks the winch gear train to the mechanical brake when the winch 
is stopped, holding the load in place.
Static, Mechanical, or Load-holding Brake — A multidisc, spring applied, hydraulically released brake that works 
together with the sprag clutch to hold a suspended load. This brake is not designed to stop a load being lowered, but 
holds the load in place when the winch is not being operated.
First Layer Line Pull Rating — The maximum rated line pull (in pounds or kilograms) on the first layer of cable. The 
maximum rating for any particular winch is based on maintaining an acceptable structural design factor and service life. 
Certain combinations of drum, gear ratio, motor and hydraulic pressure, may reduce this rating. 
First Layer Line Speed Rating — The maximum rated line speed (in feet or meters per minute) on the first layer of 
cable. Certain combinations of drum, gear ratio, motor and hydraulic flow may reduce or increase this rating.
D/d Ratio — The ratio of cable drum barrel diameter (D) to wire rope diameter (d). Current ANSI standards require a 
minimum of 17:1.  
EXAMPLES: 
If you know the cable diameter you want to use, multiply it by 17 to get the MINIMUM cable drum barrel diameter (such 
as 1/2-inch wire rope X 17 = 8.5 inches — this is the minimum winch barrel diameter).
If you know the barrel diameter, divide it by 17 to get the MAXIMUM wire rope diameter.
(such as 10-inch barrel diameter / 17 = 0.588, or 9/16-inch — this is the maximum wire rope diameter)
Cable Drum Dimensions —

a

b

First sheave
or load

First sheave or load should be cen-
tered between the drum flanges, so 
that angle A and angle B are equal.

Angles A and B should be a minimum 
of 1/2 degree and a maximum of 1-1/2 
degrees.

Wrap — A single coil of wire rope wound on a drum.
Layer — All wraps of wire rope on the same level between drum flanges.
Freeboard — The amount of drum flange that is exposed radially past the last layer of wire rope. Minimum freeboard varies with 
the regulatory organization. ASME B30.5 requires 1/2-inch minimum freeboard.

Grooved Drum — A cable drum with grooves on the barrel to ensure the 
first layer of cable spools properly onto the drum. The grooves can be cast 
or machined into the drum, or cast or machined into separate pieces that are 
mechanically fastened to the drum.  
NOTE: Only one size cable can be used on a grooved drum.    

Barrel
Diameter

Flange
Diameter

Distance
Between
Flanges

Fleet Angle — The angle between the wire rope’s position at the extreme end wrap on a drum, and a line drawn per-
pendicular to the axis of the drum, through the center of the nearest fixed sheave or load attachment point.

GLOSSARY



5

Safety for operators and ground personnel is of prime concern. Always take the necessary precautions to ensure safety 
to others as well as yourself. To ensure safety, the prime mover and winch must be operated with care and concern by 
the operator for the equipment, and a thorough knowledge of the machine’s performance capabilities. The following 
recommendations are offered as a general safety guide. Local rules and regulations will also apply.

1.	 Read all warning tag information and become familiar 
with all controls BEFORE operating the winch.

2.	 NEVER attempt to clean, oil or perform any mainte- 
nance on the winch with the engine running, unless 
instructed to do so in this manual.

3.	 Before starting the tractor, be certain all controls move 
freely and are placed in the “Brake-On” (neutral) posi- 
tion.

4.	 NEVER operate winch controls unless you are prop- 
erly seated at the operators station on the tractor and 
you are sure personnel are clear of the work area.

5.	 NEVER attempt to handle winch cable when the hook 
end is not free. Keep all parts of body and clothing 
clear of cable rollers, cable entry area of fairleads and 
winch drum.

6.	 Ground personnel should stay in view of tractor oper- 
ator and clear of winch drum. Do not allow ground per-
sonnel near winch line under tension. A safe distance 
of at least 1 ½ times the working length of the cable 
should be maintained. NEVER allow anyone to stand 
under a suspended load.

7.	 Avoid sudden “shock” loads or attempting to “jerk” a 
load free. This type of operation may cause heavy 
loads in excess of rated capacity, which may result in 
failure of cable and/or winch.

8.	 Use only GENUINE CARCO parts. Do not use parts 
from other winch manufacturers on your CARCO 
winch. Do not use CARCO parts on winches from oth-
er manufacturers.

9.	 Use correct size ferrule for cable and pocket in winch 
drum. Never use knots to secure or attach cable. 
The cable anchor or ferrule pocket in the cable drum 
is designed to provide a self release in the event a 
back-sliding load must be released from the tractor 
in an emergency situation. The cable anchor or fer-
rule alone will NOT support rated line pull.  Therefore, 
a minimum of five complete wraps of cable must be 
maintained on the winch drum.

NOTE: We suggest painting the last five wraps of cable 
bright red to serve as a visual warning.

Recommended Operating Practices
1.	 Leather gloves should be used when handling winch 

cable.
2.	 Operate the winch to match line speeds to job  

conditions.
3.	 Assure that personnel who are responsible for hand 

signals are clearly visible and that the signals to be 
used are thoroughly understood by everyone.

4.	 Inspect winch cable, rigging, winch and tractor at the 
beginning of each work shift. Defects should be cor- 
rected immediately.

5.	 Position tractor for straightest line of pull to reduce 
wear on winch cable and ensure even spooling.

6.	 When winding winch cable on the winch drum, never 
attempt to maintain tension by allowing winch cable 
to slip through hands. Always use “hand-over-hand” 
technique, being careful to keep hands and clothing 
away from winch drum and fairlead rollers.

7.	 Be sure of tractor ground stability before winching in a 
load.

8.	 Store unused chokers, slings and rigging in a neat and 
orderly fashion to prevent damage to equipment or in-
jury to personnel.

9.	 Do not operate the winch under loads that exceed the 
maximum rated bare drum line pull. If excessive loads 
are encountered, use a multi-part line and sheave 
blocks. Any attempt to exceed the capacity of one 
winch (such as coupling 2 or more tractors together) is 
extremely hazardous.

10.	The factory approved adaptions for CARCO winches 
are designed and intended for use on specific models 
of crawler tractors. Changing winches between trac-
tors is not possible in some cases because of differ-
ences in tractor models. Some changes cannot be 
approved by CARCO because of safety limitations. 
Call a CARCO dealer or the CARCO factory prior to 
attempting winch modifications or before mounting on 
a different tractor.

11.	CARCO H Series winches are powered by the trac-
tor hydraulic system. Discharge all retained hydraulic 
system pressure before removing any hydraulic lines 
or fittings. Personal injury may result from sudden re-
lease of oil pressure.

12. To discharge the winch control system pressure, stop 
the engine and cycle the winch control lever(s) into all 
positions five times. Refer to the tractor manufacturers 
operators or service manual for additional information.

13.	On machines having hydraulically, mechanically and/
or cable controlled equipment, be certain the equip-
ment is either lowered to the ground or blocked se-
curely before servicing, adjusting and/or repairing the 
winch. Always apply tractor parking brakes and lower 
equipment before dismounting the tractor.

14.	The winches described in this manual are neither  
designed nor intended for use or application to  

Failure to obey the following safety recommendations may 
result in property damage, personal injury, or death.

GENERAL SAFETY RECOMMENDATIONS
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WARNING – This emblem warns against hazards 
and unsafe practices which COULD result in severe 
personal injury or death if proper procedures are not 
followed.

CAUTION�WARNING�!� !�
CAUTION – This emblem warns against potential or 
unsafe practices which COULD result in personal in-
jury and product or property damage if proper proce-
dures are not followed.

CAUTION

Safety Informational callouts used in this manual include the following:

GENERAL SAFETY RECOMMENDATIONS

ADDITIONAL REFERENCE 
PUBLICATION

For cross-section diagrams and  
complete list of components, please 
refer to LIT2735: Parts List for 
CARCO HCH100 winches.

equipment used in the lifting or moving of persons.
15. Install guarding to prevent personnel from getting any 

part of their body or clothing caught at a point where 
the cable is wrapped onto the drum or drawn through 
fairlead guide rollers.

16.	Keep equipment in good operating condition. Perform 
scheduled servicing and adjustments listed in the 
“Preventive Maintenance” section of this manual. Use 
recommended lubricants.

17.	An equipment warm-up procedure is recommended 
for all start-ups and essential at ambient temperatures 
below +40°F (5°C). Refer to “Warm-Up Procedure” 
listed in the “Preventive Maintenance” section of this 
manual.
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THEORY OF OPERATION

 rolling out load
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THEORY OF OPERATION

WINCH OPERATION
The input section of the drive assembly is bolted to the 
motor end support and cannot rotate. The drive housing 
is the output member of the gear set and is bolted to the 
winch drum. The motor shaft is directly coupled to the pri-
mary sun gear through the inner race of the brake clutch.  
The motor turns the primary sun gear which drives three 
successive planetary gear sets, turning the drive housing 
and the winch drum.

In the haul-in direction, hydraulic oil flows through a large 
check valve in the brake valve and turns the motor in the 
free rotating direction of the brake clutch, driving the gear 
train and winch drum. The friction brake remains fully en-
gaged.

In the pay-out direction, oil flow through the motor is ini-
tially blocked by a spool in the brake valve. Oil pressure 
supplied to the motor through the control valve is piloted 
to the friction brake and the brake valve spool. The friction 
brake is released at a lower pressure than that required to 
shift the brake valve spool. When pressure is sufficient to 
shift the brake valve spool, oil is allowed to flow through 
the motor, rotating the winch gear train and drum.

DO NOT use the drum clutch for controlled reeling 
out of suspended loads. Sudden release of a load 
may result in property damage, injury, or death. Use 
ONLY REEL-OUT to lower any load.

CAUTION�WARNING�!� !�

The hydraulic motor and gear ratio is configured to 
match the hydraulic system of a specific tractor. It 
may not be possible to mount the winch onto a dif-
ferent tractor model. Installation onto a tractor with 
a higher flow hydraulic system could result in over-
speed damage to the motor and winch gear train.

CAUTION

NOTE: Operating the tractor engine at the lowest idle set-
ting  while  winching  may  result  in  erratic winch op-
eration. Always operate the tractor at high engine idle to 
provide the full range of control from the winch, while guar-
anteeing smooth operation. Operating the engine at lower 
settings will NOT provide slower winching.

High-quality hydraulic oil is essential for satisfactory per-
formance and long life of the hydraulic system compo-
nents. 

Oil having 150 to 330 SUS viscosity at 100°F (38°C) and 
viscosity index of 100 or greater will give good results un-
der normal temperature conditions. The use of an oil hav-
ing a high viscosity index will minimize cold start trouble 
and reduce the length of warm-up periods. A high viscosity 
index will minimize changes in viscosity with correspond-
ing changes in temperature.

Maximum cold weather start-up viscosity should not ex-
ceed 5,000 SUS with a pour point at least 20°F (11°C) 
lower than the minimum ambient temperature. 

WINCH INSTALLATION

Under continuous operating conditions the temperature of 
the oil at any point in the system must not exceed 180°F 
(82°C). Temperatures 120°F (49°C) to 140°F (60°C) are 
generally considered optimum.

In general terms:
For continuous operation at ambient temperatures be-
tween 50°F (10°C) and 110°F (43°C) use SAE 20W; for 
continuous operation between 10°F (-12°C) and 90°F 
(32°C) use SAE 10W; for applications colder than 10°F 
(-12°C), contact the CARCO Service Department. The 
use of multiviscosity oils is generally not recommended.

For winch gear oil, refer to lubricant specifications in the 
Preventive Maintenance and Specifications section of this 
manual.
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WINCH REMOVAL AND INSTALLATION

6,750 lbs. (3,062 kg) with-
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WIRE ROPE INSTALLATION
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PREVENTIVE MAINTENANCE

Initially, gear oil should be changed after the first 100 
hours of operation. At intervals of 1,000 hours or every 
six months, grease drum support at grease fitting us-
ing an NLGI #2 lithium-complex base extreme-pressure 
grease that meets or exceeds NLGI GC or GC/LP specifi-
cations.

1.  Vent Plug
The vent plug is located near the top of the main gear 
housing, slightly to the rear of the brake motor. It is im-
portant to keep vent clean and obstructed. When chang-
ing gear oil, remove vent plug, clean in solvent, and rein-
stall. Do not paint over vent or replace with a solid plug.

2.  Hydraulic System
Replace the original filter element after the first 50 hours 
of operation, then every 500 operating hours or 3 months 
according to equipment manufacturer's recommenda-
tions.

3.  Wire Rope
Inspect entire length of wire rope according to wire rope 
manufacturer's recommendations.

4.  Mounting Bolts
Tighten all winch base mounting bolts to the recom-
mended torque after the first 100 hours of operation, then 
every 1,000 hours or six months, whichever occurs first.

5.  Warm-up Procedures
A warm-up procedure is recommended at each start-up 
and is essential at ambient temperatures below 40 de-
grees F. (4 degrees C.).
The prime mover should be run at its lowest recommend-
ed RPM with the hydraulic winch control valve in neutral, 
allowing sufficient time to warm up the system. Operate 
winch several times at low speeds (forward and reverse) 
to prime lines with warm hydraulic oil and to circulate 
gear lubricant through planetary gear sets.

6.  Recommended Planetary Gear Oil
Field experience, supported by engineering tests, indi-
cates the use of proper planetary gear oil is essential 
to reliable and safe operation of the brake, obtaining 
long gear train life. Refer to Recommended Gear Oil 
section of this manual For simplicity, CARCO has listed 
one readily available product in each temperature range 
which has been tested and found to meet our specifica-
tions. This is not to say that other lubricant brands would 
not perform equally as well.

7.  Grease Drum Support
Remove plug (Item no. 7).
Pump grease into grease zerk (Item 5) until new grease 
comes out, then reinstall plug.
Grease drum support at grease fitting using an NLGI 
#2 lithium-complex base extreme-pressure grease that 
meets or exceeds NLGI GC or GC/LP specifications.

Grease Bearing Support
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Failure to properly warm up the winch, particularly un-
der low ambient temperature conditions, may result in 
temporary brake slippage due to high back pressures 
attempting to release the brake, which could result in 
property damage, severe personal injury, or death.

Failure to use the proper type and viscosity of planetary 
gear oil may contribute to intermittent brake clutch slip-
page which could result in property damage, severe 
personal injury, or death. Some gear lubricants contain 
large amounts of extreme-pressure (EP) and antifric-
tion additives which may contribute to brake slippage 
and damage to brake friction discs or seals. Oil viscos-
ity with regard to ambient temperature is also critical to 
reliable brake operation. Our tests indicate that exces-
sively heavy or thick gear oil may contribute to intermit-
tent brake slippage. Make certain that the gear oil vis-
cosity used in your winch is correct for your prevailing 
ambient temperature.

PREVAILING AMBIENT TEMPERATURE
oF -40     -30     -20     -10       0       10      20      30      40      50      60     70      80      90     100     110     120     130 oF

oC -40             -30             -20             -10                0                10               20          30              40               50        oC

SHADED TEMPERATURE RANGE IN THE CHART ABOVE NOT RECOMMENDED FOR SEVERE APPLICATIONS SUCH AS SUSTAINED
            FAST DUTY CYCLES OR FREQUENT WINCHING.

TexacoShell

Meropa 220

Meropa 150

Omala S2 G 220

Omala S2 G 150

Chevron

Gear Compounds EP 220

Gear Compounds EP 150

PREVAILING AMBIENT TEMPERATURE
oF -40     -30     -20     -10       0       10      20      30      40      50      60     70      80      90     100     110     120     130 oF

oC -40             -30             -20             -10                0                10               20          30              40               50        oC

SHADED TEMPERATURE RANGE IN THE CHART ABOVE NOT RECOMMENDED FOR SEVERE APPLICATIONS SUCH AS

Mobil

Mobilgear 600 XP 220

Mobilgear 600 XP 150

Winches are factory filled with Mobilgear 600 XP 150 or equivalent. Consult your oil supplier for other equivalent
oils if required.

RECOMMENDED GEAR OIL

Omala S4 GX 150Mobilgear SHC 150

Use gear oil detailed in Range A 

Range A

Range B

Range C

Use gear oil detailed in Range B

Use gear oil detailed in Range C

PREVENTIVE MAINTENANCE

For simplicity, CARCO has listed one readily available product in each temperature range which has been tested and 
found to meet our specifications. This is not to say that other lubricant brands would not perform equally as well.

If the following lubricant brands are not available in your area, make certain your lubricant vendor supplies you with oil 
that is equivalent to those products listed below.

HCH100 planetary winches are factory filled with Meropa 150 or equivalent. The gear oil should be changed whenever 
the ambient temperature changes significantly and an oil from a different temperature range would be more appropriate.

Oil Capacity

Gearbox Capacity
Units with single motor input:  42 pints (19.9 liters)

Winch drums contain the following quantity of gear oil as 
a rust preventive:
01 drum:  8 pints (3.8 liters)
02 drum: 12 pints (5.7 liters)
21, 22, 23 drum:  14 pints (6.6 liters)

Torque Values
Drum bearing supports to drum:  600 lbs-ft (814 N-m) - 
Apply Loctite 242 to clean dry threads
Gearbox to sideplate:  600 lbs-ft (814 N-m) - Clean dry 
threads

Drum Dimensions
(barrel diameter X flange diameter X drum length)
01:  24 X 41.5 X 36.13 inches (610 X 1054 X 918 mm)

NOTE:  Oil capacities are approximate. With winch drum 
in horizontal position, oil level should be at centerline of 
gearbox.
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If a winch exhibits any sign of erratic operation or load- 
control difficulties (such as load creeping or chattering), 
appropriate troubleshooting tests and repairs should 
be performed immediately. Continued operation in this 
manner may result in property damage, serious person-
al injury, or death.

CAUTION�WARNING�!� !�

TROUBLESHOOTING
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	 TROUBLE			   PROBABLE CAUSE			   REMEDY

TROUBLESHOOTING

C.  Remove motor and brake assembly. 
Inspect lip seal on output shaft and 
replace if needed.

1. Brake assembly shaft seal may be 
defective as a result of high system 
back pressure, contaminated oil, or 
mechanical damage.
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1.	 Before any part is removed from the winch or drive 
gearbox, all service instructions should be under-
stood.

2.	 Work in a clean, dust free area as cleanliness is of ut-
most importance when servicing hydraulic equipment.

3.	 Inspect all replacements parts, prior to installation, 
to detect any damage which might have occurred in 
shipment.

4.	 Use only genuine CARCO replacement parts for opti-
mum results. Never reuse expendable parts such as 
O-rings and oil seals.

5.	 Inspect all machined surfaces for excessive wear or 
damage before reassembly operations are begun.

6.	 Lubricate all O-rings and oil seals with gear oil prior 
to installation.

7.	 Lubricate all bearings with an oil soluble grease prior 
to assembly.

8.	 Use a sealing compound on the outside surface of oil 
seals and a light coat of thread sealing compound on 
pipe threads. Avoid getting sealing compound inside 
parts or passages which conduct oil.

9.	 Thoroughly clean all parts in a good grade of safety 
solvent. Wear protective clothing as required.

10.	 Item numbers shown in service procedures are refer-
enced to the exploded-view drawings in this manual.

SERVICE PRECAUTIONS
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winch

WINCH DISASSEMBLY
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WINCH DISASSEMBLY AND ASSEMBLY
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WINCH ASSEMBLY
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WINCH ASSEMBLY
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BRAKE SERVICE
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BRAKE SERVICE
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SPRAG CLUTCH SERVICE
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GEARBOX SERVICE
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OUTPUT PLANET CARRIER SERVICE
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PRIMARY PLANET CARRIER SERVICE
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RIGHT-ANGLE INPUT ASSEMBLY CROSS-SECTION
Part number 83163
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RIGHT-ANGLE INPUT ASSEMBLY SERVICE
Disassembly

The primary sun gear (Item 41) may come out with the 
input section and drop out of the input bull bear (Item 
25) unexpected.

CAUTION

1.	 Remove the wire rope from the winch and drain the 
gear oil from the winch by removing drain plugs.

2.	 Take precautions to collect hydraulic oil and remove 
the hydraulic  hoses connected to the winch motor. 
Disconnect the brake release line from the brake re-
lease port. Ensure there are no external hose connec-
tions to the winch motor, and then remove the motor

3.	 Remove the socket head capscrews (Item 125) se-
curing the hydraulic motor assembly (Item 700) and 
hydraulic brake (Item 200). Remove and discard mo-
tor pilot O-ring and the O-ring between the brake as-
sembly and the input assembly.

4.	 Secure the input assembly (Item 800) with an appro-
priate lifting strap to an overhead hoist or other ade-
quate lifting equipment. Use caution, the unit is heavy.

5.	 Install a 1/2-13 eye bolt in the center of the input hous-
ing. Remove the 10 capscrews (Item 122) and lock-
washers (Item 123) holding the input assembly to the 
planetary gear assembly (Item 500).

6.	 Remove and discard the O-ring (Item 7) from the input 
housing pilot bore. Support the input section with the 
pilot bore facing up.

7.	 Remove and discard safety wire in the 3 capscrews 
(Item 26) securing the bearing retainer plate (Item 28) 
from the input housing trunnion. Remove the outer 
bearing cone from the bearing  trunnion. Two pry bars 
spread 180° across the input bull gear (Item 25) can 
now be used to remove. NOTE: The input bull gear 
bearing (Item 29) is a matched set and must be re-
placed as a set, including all spacers.

8.	 Remove the 11 capscrews and lockwashers (Items 31 
and 32) bolting the brake housing to the input hous-
ing. The entire brake  housing and input bevel gear 
can now be carefully removed. Remove and discard 
the O-ring (Item 14) from the brake housing pilot bore. 
Carefully remove and set aside the shims between the 
brake housing and the input housing.

9.	 Turn the input housing over. Remove the 8 capscrews 
and lockwashers (Items 31 and 32) which bolt the 
bearing container/cover to input housing. Remove 
and discard the O-ring from the input housing. Care-
fully remove and set aside the shims between the 
cover and the input housing.

10.	The bevel gear and input pinion can now be removed.

Thoroughly clean all parts and inspect for damage and 
wear. The bearing should be examined for any signs of 
spalling, corrosion, discoloration, material displacement, 
or abnormal wear. The bearing cages should be inspect-
ed for wear or deformation. If any of these conditions are 
found, the bearing should be needed. Gears should be in-
spected for abnormal wear or pitting and replaced as nec-
essary. Inspect all machined surfaces and bearing bores 
for signs of damage or excessive wear.

11.	 If the inboard bearing needs to be replaced, remove 
the bearing cup (Item 21) from the input housing, 
along with any shims under it.

Assembly

The setup procedure in steps 1 and 2 below should be 
followed only if the bevel gear set (Item 9) or the inboard 
bearing cup and cone (Items 21 and 22) are being re-
placed.

1.	 There is a mounting dimension etched on the bevel 
gear, and a housing dimension stamped on the face 
of the pinion bore in the input housing. Using these 
dimensions, find the proper shim letter from Table 1 
(on following page).

2.	 Measure and record the input pinion gear shoulder 
height, and the assembled height of the inboard bear-
ing (Items 21 and 22) as shown in the diagram. Be 
sure the bearing is properly seated in its cone, and not 
resting on the roller cage. Add these two dimensions 
and use this total to select the shim thickness from 
Table 2 (on following page). Install this shim thickness 
using shims 47, 48 and 49 as required under the bear-
ing cup (Item 21) in the input housing and press the 
cup into the bore.

Below is an example shim selection:

Bevel Gear Mounting Dimension = 1.901 inch
Housing Dimension = 2.315 inches
From Table 1, the shim letter is E

Sum of pinion gear shoulder height and bearing 
height  = 4.178 inches
From Table 2, shim thickness is 0.032 inches

Item 47 shim is 0.003 inch
Item 48 shim is 0.005 inch
Item 49 shim is 0.015 inch

In this example, use one of item 49, one of item 48, 
and four of item 47 to obtain 0.032.

3.	 Assemble the bevel gear and input pinion gear (Item 
24). Press the bearings (Items 23 and 23) onto the 
input pinion  gear. Press the bearing cup (Item 21) into 
the pinion cover (Item 34).
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4.  Install the input pinon assembly in the housing. Set the 
cover (Item 34) in place on the housing without using any 
shims or an O-ring at this time. Rotate the input pinion 
gear/bevel gear assembly to remove bearing end play and 
measure the gap between the housing and cover. Take 
an average of these measurements to obtain the required 
shim thickness. Remove the cover and install O-ring (Item 
33) into the housing counterbore. Install shim thickness 
measured above onto the cover using items 53, 54, 55, 
and 60. Install the cover using 8 capscrews and lockwash-
ers (Items 31 and 32).

5.  Using a dial indicator, check the input pinion gear end 
play. End play should be 0.003 to 0.006 inches. If neces-
sary, adjust the number of shims used between the cover 
and housing to obtain correct end play.

6.  Turn the input assembly over so the input pinion and 
bevel gears are accessible.

7.  Slide the brake assembly into the input housing so the 
pinion gear fully engages the bevel gear. Measure the gap 
between the brake housing in several locations around the 
brake housing. Take an average of these measurements 
and add 0.003 to obtain internal shim thickness. Remove 
the brake housing and install O-ring (Item 14). Install the 
shim thickness measured above onto the brake housing 
using 11 capscrews and lockwashers (Items 31 and 32). 
Using a dial indicator on a bevel gear tooth in as close to 
the radial position as possible, measure the bevel gear set 

backlash. Backlash should be between 0.005 and 0.009 
inches. If necessary, remove the brake housing and adjust 
the shim thickness to obtain correct backlash.

8. Turn the input housing over.

The input bull gear and bearing set will now be installed. 

NOTE: Bearing (Item 19) is a matched set and must al-
ways be replaced as a set, including spacers.

9. Place one of the bearing cones on the bull gear trun-
nion cast into the input housing. Install  the single bearing 
spacer onto the trunnion and seat it against the bearing.

10. The 2 split bearing spacers can now be installed in the 
grove machined in the bore of the input bull gear pinion 
(Item 24). The 2 bearing cups can then be pressed into the 
bull gear and seated against the bearing spacers. 

11. Install the input bull gear over the bearing trunnion, 
mating its teeth with the input pinion gear. The pinion and 
bull gear should turn smoothly and freely at this point.

12. Install the final bearing cone onto the trunnion and se-
cure the assembly with the bearing retainer plate (Item 28) 
and 3 capscrews (Item 26). Torque the capscrews to 55 ± 
10 pound-foot of torque (7.6 ± 1.4 Kg-m) and secure with 
safety wire.

13. Check again to ensure the input pinion and bull gear 
rotate smoothly and freely.
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inches (in.) X  25.4 = millimeters (mm) millimeters (mm) X  0.03937 =  inches (in.)
feet (ft.) X  0.3048 = meters (m) meters (m) X  3.281 =  feet (ft.)
miles (mi.) X  1.6093 = kilometers (km) kilometers (km) X  0.6214 =  miles (mi.)

inches2  (sq.in.) X  645.15 = millimeters2 (mm2) millimeters2 (mm2) X  0.000155 =  inches2 (sq.in.)
feet2 (sq.ft.) X  0.0929 = meters2 (m2) meters2 (m2) X  10.764 =  feet2 (sq.ft.)

inches3 (cu.in.) X  0.01639 = liters (l) liters (l) X  61.024 =  inches3 (cu.in.)
quarts (qts.) X  0.94635 = liters (l) liters (l) X  1.0567 =  quarts (qts.)
gallons (gal.) X  3.7854 = liters (l) liters (l) X  0.2642 =  gallon (gal.)
inches3 (cu.in.) X  16.39 = centimeters3 (cc) centimeters3 (cc) X  0.06102 =  inches3 (cu.in.)
feet3 (cu.ft.) X  28.317 = liters (l) liters (l) X  0.03531 =  feet3 (cu.ft.)
feet3 (cu.ft.) X  0.02832 = meters3 (m3) meters3 (m3) X  35.315 =  feet3 (cu.ft.)
fluid ounce (fl.oz.) X  29.57 = millileters (ml) milliliters (ml) X  0.03381 =  fluid ounce (fl.oz.)

ounces (oz.) X  28.35 = grams (g) grams (g) X  0.03527 =  ounces (oz.)
pounds (lbs.) X  0.4536 = kilograms (kg) kilograms (kg) X  2.2046 =  pounds (lbs.)
tons (2000 lbs.) X  907.18 = kilograms (kg) kilograms (kg) X  0.001102 =  tons (2000 lbs.)
tons (2000 lbs.) X  0.90718 = metric tons (t) metric tons (t) X  1.1023 =  tons (2000 lbs.)
tons (long) (2240 lbs.) X  1013.05 = kilograms (kg) kilograms (kg) X  0.000984 =  tons (long) (2240 lbs.)

inches Hg (60oF) X  3600 = kilopascals (kPa) kilopascals (kPa) X  0.2961 =  inches Hg (60oF)
pounds/sq.in. (PSI) X  6.895 = kilopascals (kPa) kilopascals (kPa) X  0.145 =  pounds/sq.in. (PSI)
pounds/sq.in. (PSI) X  0.0703 = kilograms/sq.cm. (kg/cm2) kilograms/sq.cm. (kg/cm2) X  14.22 =  pounds/sq.in. (PSI)
pounds/sq.in. (PSI) X  0.069 = bars bars X  14.5 =  pounds/sq.in. (PSI)
inches H2O (60oF) X  0.2488 = kilopascals (kPa) kilopascals (kPa) X  4.0193 = inches H2O (60oF)
bars X  100 = kilopascals (kPa) kilopascals (kPa) X  0.01 =  bars

horsepower (hp) X  0.746 = kilowatts (kW) kilowatts (kW) X  1.34 =  horsepower (hp)
ft.-lbs./min. X  0.0226 = watts (W) watts (W) X  44.25 =  ft.-lbs./min.

pound-inches (in.-lbs.) X  0.11298 = newton-meters (N-m) newton-meters (N-m) X  8.851 =  pound-inches (in.lbs.)
pound-feet (ft.-lbs.) X  1.3558 = newton-meters (N-m) newton-meters (N-m) X  0.7376 =  pound-feet (ft.-lbs.)
pound-feet (ft.-lbs.) X  .1383 = kilograms/meter (kg-m) kilogram/meter (kg-m) X  7.233 =  pound-feet (ft.-lbs.)

miles/hour (m/h) X  0.11298 = kilometers/hour (km/hr) kilometers/hour (km/hr) X  0.6214 =  miles/hour (m/h)
feet/second (ft./sec.) X  0.3048 = meter/second (m/s) meters/second (m/s) X  3.281 =  feet/second (ft./sec.)
feet/minute (ft./min.) X  0.3048 = meter/minute (m/min) meters/minute (m/min) X  3.281 =  feet/minute (ft./min.)

mega (M) =  1,000,000 or 106 deci (d) =  0.1 or 10-1

kilo (k) =  1,000 or 103 centi (c) =  0.01 or 10-2

hecto (h) =  100 or 102 milli (m) =  0.001  or 10-3

deka (da) =  10 or 101 micro (m) =  0.000.001 or 10-6

oCelsius = 0.556 (oF - 32) oFahrenheit = (1.8oC) + 32

COMMON METRIC PREFIXES

TEMPERATURE

POWER

TORQUE

VELOCITY

VOLUME

MASS

PRESSURE

METRIC CONVERSION TABLE

LINEAR

AREA

English to Metric Metric to English
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