
3

Group   1  Pump Device - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -   2-1

Group   2  Main Control Valve - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -   2-7

Group   3  Swing Device - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -    2-11

Group   4  Travel Device - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -    2-21

Group   5  RCV Lever - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -    2-27

Group   6  RCV pedal - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -    2-30

Group   7  Brake pedal (valve) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -    2-31

Group   8  Gear box - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -    2-33

Group   9  Steering valve - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -    2-36

Group  10 Axle - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -    2-39

Group   1  Hydraulic Circuit - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -   3-1

Group   2  Main Circuit - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -   3-2

Group   3  Pilot Circuit - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -   3-5

Group   1  Component Location - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -   4-1

Group   2  Monitoring system - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -   4-3

Group   3  Electrical Circuit - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -    4-31

Group   4  Electrical Component Specification - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -    4-43

Group   5  Fault codes - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -     4-41

    



Group   1  Precaution - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -   7-1

Group   2  Tightening Torque - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -    7-4

Group   3  Swing Device - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -    7-7

Group   4  Travel Device - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -    7-28

Group   5  Gear box - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -     7-52

Group   6  Steering valve - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -    7-87

Group   7  Axle - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -    7-99

Group   8  RCV Lever - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -     7-244

Group   9  Turning Joint - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -     7-252

Group 10  Boom, Arm and Bucket Cylinder - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -    7-257

Group 11  Work Equipment - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -      7-276



















SECTION  1  GENERALSECTION  1  GENERAL
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FOLLOW SAFE PROCEDUREFOLLOW SAFE PROCEDURE

Unsafe work practices are dangerous. Understand 
service procedure before doing work; do not 
attempt shortcuts.

WEAR PROTECTIVE CLOTHINGWEAR PROTECTIVE CLOTHING

Wear close fitting clothing and safety equipment 
appropriate to the job.

WARN OTHERS OF SERVICE WORKWARN OTHERS OF SERVICE WORK

Unexpected machine movement can cause 
serious injury.
Before performing any work on the excavator, 
attach a 「Do Not OperateDo Not Operate」 tag on the right 
side control lever.

USE HANDHOLDS AND STEPSUSE HANDHOLDS AND STEPS

Falling is one of the major causes of personal 
injury.
When you get on and off the machine, always 
maintain a three point contact with the steps and 
handrails and face the machine. Do not use any 
controls as handholds.
Never jump on or off the machine. Never mount or 
dismount a moving machine.
Be careful of slippery conditions on platforms, 
steps, and handrails when leaving the machine.

SECTION  1  GENERALSECTION  1  GENERAL
GROUP  1  SAFETYGROUP  1  SAFETY



1-2

PREPARE FOR EMERGENCIESPREPARE FOR EMERGENCIES

Be prepared if a fire starts.

Keep a first aid kit and fire extinguisher handy.

Keep emergency numbers for doctors,  ambulance 
service, hospital, and fire department near your 
telephone.

PROTECT AGAINST FLYING DEBRISPROTECT AGAINST FLYING DEBRIS

Guard against injury  from flying pieces of metal  
or debris; wear goggles or safety glasses.

PROTECT AGAINST NOISEPROTECT AGAINST NOISE

Prolonged exposure to loud noise can cause 
impairment or loss of hearing.

Wear a suitable hearing protective device such as 
ear-
muffs or earplugs to protect against objectionable 
or uncomfortable loud noises.

AVOID POWER LINESAVOID POWER LINES

Serious injury or death can result from contact with 
electric lines.

Never move any part of the machine or load closer 
to electric line than 3 m (10 ft) plus twice the line 
insulator length.
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KEEP RIDERS OFF EXCAVATORKEEP RIDERS OFF EXCAVATOR

Only allow the operator on the excavator.  Keep 
riders off.

Riders on excavator are subject to injury such as 
being struck by foreign objects and being thrown 
off the excavator.  Riders also obstruct the 
operator's view resulting in the excavator being 
operated in an unsafe manner.

MOVE AND OPERATE MACHINE SAFELYMOVE AND OPERATE MACHINE SAFELY

Bystanders can be run over.  Know the location of 
bystanders before moving, swinging, or operating 
the machine.

Always keep the travel alarm in working condition.  
It warns people when the excavator starts to move.

Use a signal person when moving, swinging, or 
operating the machine in congested areas.   
Coordinate hand signals before starting the 
excavator.

OPERATE ONLY FORM OPERATOR'S SEATOPERATE ONLY FORM OPERATOR'S SEAT

Avoid possible injury machine damage.  Do not 
start engine by shorting across starter terminals.

NEVER start engine while standing on ground.   
Start engine only from operator's seat.

PARK MACHINE SAFELYPARK MACHINE SAFELY

Before working on the machine:

·Park machine on a level surface.
·Lower bucket to the ground.
·Turn auto idle switch off.
·Run engine at 1/2 speed without load for 2 minutes.
·Turn key switch to OFF to stop engine. 
    Remove key from switch.
·Move pilot control shutoff lever to locked position.
·Allow engine to cool.
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SUPPORT MACHINE PROPERLYSUPPORT MACHINE PROPERLY

Always lower the attachment or implement to the 
ground before you work on the machine.  If you 
must work on a lifted machine or attachment, 
securely support the machine or attachment.

Do not support the machine on cinder blocks, 
hollow tiles, or props that may crumble under 
continuous load.
Do not work under a machine that is supported 
solely by a jack. Follow recommended procedures 
in this manual.

SERVICE COOLING SYSTEM SAFELYSERVICE COOLING SYSTEM SAFELY

Explosive release of fluids from pressurized 
cooling system can cause serious burns.

Shut off engine.  Only remove filler cap when cool 
enough to touch with bare hands.

HANDLE FLUIDS SAFELY-AVOID FIRES  HANDLE FLUIDS SAFELY-AVOID FIRES  

Handle fuel with care; it is highly flammable.  Do 
not refuel the machine while smoking or when 
near open flame or sparks.  Always stop engine 
before refueling machine.
Fill fuel tank outdoors.

Store flammable fluids away from fire hazards.  Do 
not  incinerate or puncture pressurized containers.

Make sure machine is clean of trash, grease, and 
debris.

Do not store oily rags ; they can ignite and burn 
spontaneously.
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BEWARE OF EXHAUST FUMESBEWARE OF EXHAUST FUMES

Prevent asphyxiation.   Engine exhaust fumes can 
cause sickness or death.

If you must operate in a building, be positive there 
is adequate ventilation.  Either use an exhaust pipe 
extension to remove the exhaust fumes or open 
doors and windows to bring enough outside air 
into the area.

REMOVE PAINT BEFORE WELDING OR HEATINGREMOVE PAINT BEFORE WELDING OR HEATING

Avoid potentially toxic fumes and dust.

Hazardous fumes can be generated when paint is 
heated by welding, soldering, or using a torch.

Do all work outside or in a well ventilated area.   
Dispose of paint and solvent properly.

Remove paint before welding or heating:

·If you sand or grind paint, avoid breathing the dust.
 Wear an approved respirator.

·If you use solvent or paint stripper, remove 
stripper with soap and water before welding.   
Remove solvent or paint stripper containers and 
other flammable material from area.  Allow 
fumes to disperse at least 15 minutes before 
welding or heating.

ILLUMINATE WORK AREA SAFELYILLUMINATE WORK AREA SAFELY

Illuminate your work area adequately but safely.   
Use a portable safety light for working inside or 
under the machine.  Make sure the bulb is 
enclosed by a wire cage.  The hot filament of an 
accidentally broken bulb can ignite spilled fuel or 
oil.
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SERVICE MACHINE SAFELYSERVICE MACHINE SAFELY

Tie long hair behind your head.  Do not wear a 
necktie, scarf, loose clothing or necklace when you 
work near machine tools or moving parts.  If these 
items were to get caught, severe injury could 
result.

Remove rings and other jewelry to prevent 
electrical shorts and entanglement in moving 
parts.

STAY CLEAR OF MOVING PARTSSTAY CLEAR OF MOVING PARTS

Entanglements in moving parts can cause serious 
injury.

To prevent accidents, use care when working 
around rotating parts.

AVOID HIGH PRESSURE FLUIDSAVOID HIGH PRESSURE FLUIDS

Escaping fluid under pressure can penetrate the 
skin causing serious injury.

Avoid the hazard by relieving pressure before 
disconnecting  hydraulic or other lines.  Tighten all 
connections before applying pressure.

Search for leaks with a piece of cardboard.   
Protect hands and body from high pressure fluids.

If an accident occurs, see a doctor immediately.   
Any fluid injected into the skin must be surgically 
removed within a few hours or gangrene may 
result.
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AVOID HEATING NEAR PRESSURIZED FLUID AVOID HEATING NEAR PRESSURIZED FLUID 
LINESLINES

Flammable spray can be generated by heating 
near pressurized fluid lines, resulting in severe 
burns to yourself and bystanders.  Do not heat by 
welding, soldering, or using a torch near 
pressurized fluid lines or other flammable materials.

Pressurized lines can be accidentally cut when 
heat goes beyond the immediate flame area.  
Install fire resisting guards to protect hoses or 
other materials.

PREVENT BATTERY EXPLOSIONSPREVENT BATTERY EXPLOSIONS

Keep sparks, lighted matches, and flame away 
from the top of battery.  Battery gas can explode.

Never check battery charge by placing a metal 
object across the posts.  Use a volt-meter or 
hydrometer.

Do not charge a frozen battery; it may explode.   
Warm battery to 16˚C  (60˚F).

PREVENT ACID BURNSPREVENT ACID BURNS

Sulfuric acid in battery electrolyte is poisonous.  It 
is strong enough to burn skin, eat holes in clothing, 
and cause blindness if splashed into eyes.

Avoid the hazard by:
1. Filling batteries in a well-ventilated area.
2. Wearing eye protection and rubber gloves.
3. Avoiding breathing fumes when electrolyte is 

added.
4. Avoiding spilling of dripping electrolyte.
5. Use proper jump start procedure.

If you spill acid on yourself:
1. Flush your skin with water.
2. Apply baking soda or lime to help neutralize 

the acid.
3. Flush your eyes with water for 10-15 minutes.   

Get  medical attention immediately.

If acid is swallowed:
1. Drink large amounts of water or milk.
2. Then drink milk of magnesia, beaten eggs, or
    vegetable  oil.
3. Get medical attention immediately.
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USE TOOLS PROPERLYUSE TOOLS PROPERLY

Use tools appropriate to the work.  Makeshift tools, 
parts, and procedures can create safety hazards.

Use power tools only to loosen threaded tools and 
fasteners.

For loosening and tightening hardware, use the 
correct size tools.  DO NOT use U.S. measurement 
tools on metric fasteners.  Avoid bodily injury 
caused by slipping wrenches.

Use only recommended replacement parts.(See 
Parts manual.)

DISPOSE OF FLUIDS PROPERLYDISPOSE OF FLUIDS PROPERLY

Improperly disposing of fluids can harm the 
environment and ecology.  Before draining any 
fluids, find out the proper way to dispose of waste 
from your local environmental agency.

Use proper containers when draining fluids.  Do 
not use food or beverage containers that may 
mislead someone into drinking from them.

DO NOT pour oil into the ground, down a drain, or 
into a stream, pond, or lake.  Observe relevant 
environmental protection regulations when 
disposing of oil, fuel, coolant, brake fluid, filters, 
batteries, and other harmful waste.

REPLACE SAFETY SIGNSREPLACE SAFETY SIGNS

Replace missing or damaged safety signs.   See 
the machine operator's manual for correct safety 
sign placement.

LIVE WITH SAFETYLIVE WITH SAFETY

Before returning machine to customer, make sure 
machine is functioning properly, especially the 
safety systems.   Install all guards and shields.
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GROUP  2  SPECIFICATIONS

1. MAJOR COMPONENT

Boom Boom cylinder CabArm cylinderArm MufflerSwing post

Bucket rest

Side cutter Control rod Front axle

Control link Front drive shaft

Tool box

Gear box

Dozer blade

Bucket cylinder Rear drive shaft

Rear axleTravel motor

Dozer cylinder

Counterweight

Main control valve Turning jointBucketTooth

Swing motor

Main pump

Engine

Oil cooler
Radiator

Battery box Fuel tank Hydraulic tank
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2. SPECIFICATIONS

3.0 m (9'10") MONO BOOM, 1.6 m (5' 3") ARM WITH BOOM SWING SYSTEM1)

A

I

G

E

F

H(H') D

B(K)
J

C

Description Unit Specification

Operating weight kg (lb) 5720 (12610)

Bucket capacity(SAE heaped), standard m3 (yd3)   0.21 (0.28)

Overall length A

mm (ft-in)

    6100 (20'  0") 

Overall width B     1925 (  6'  4")

Overall height C     2850 (  9'  4")

Upperstructure width D     1850 (  6'  1")

Ground clearance of counterweight E       986 (  3'  3")

Engine cover height F     1980 (  6'  6")

Minimum ground clearance G      290 (11.4")

Rear-end distance H     1650 (  5'  5")

Rear-end swing radius H'     1650 (  5'  5")

Wheel base I     2100 (  6'11")

Tread J     1600 (  5'  3")

Dozer blade width K     1925 (  6'  4")

Travel speed
Low

km/hr (mph)
10 (6.25)

High       31 (19.4)

Swing speed rpm 10

Gradeability Degree (%)    35 (70)

Max traction force kg (lb) 3600 (7937)
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3. WORKING RANGE

3.0 m (9'10") MONO BOOM WITH BOOM SWING system1)

B C

D

E

A

A'

F

8ft

B
'

Description 1.6 m (5'  3") Arm

Max digging reach A 6150 mm (20'  2")

Max digging reach on ground       A' 5980 mm (19'  7")

Max digging depth B 3500 mm (11'  6")

Max digging depth (8 ft level) B' 3100 mm (10'  2")

Max vertical wall digging depth C 2960 mm (  9'  9")

Max digging height D 6070 mm (19' 11")

Max dumping height E 4340 mm (14'  3")

Min swing radius F 2350 mm (  7'  9")

Boom swing radius (left/right) 80˚/50˚

Bucket digging force

SAE

46.7 kN

4762 kgf

10499 lbf

ISO

52.5 kN

5356 kgf

11810 lbf

Arm crowd force

SAE

27.5 kN

2808 kgf

6186 lbf

ISO

30.9 kN

3154 kgf

6948 lbf
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4. WEIGHT

Item
R60WVS PRO

kg lb

Upperstructure assembly 2753 6071

Main frame weld assembly 651 1432

Engine assembly 280 620

Main pump assembly 31 72

Main control valve assembly 34 76

Swing motor assembly 77 173

Hydraulic oil tank assembly 90 200

Fuel tank assembly 60 130

Boom swing post 110 240

Counterweight 210 460

Cab assembly 300 660

Lower chassis assembly 2087 4605

Lower frame weld assembly 550 1210

Swing bearing  90 200

Travel motor assembly 50 110

Turning joint 30 70

Gear box 63 140

Front axle assembly 280 617

Rear axle assembly 200 440

Dozer blade assembly 207 455

Front attachment assembly (3.0 m boom, 1.6 m arm, 0.21 m3  

SAE heaped bucket)
792 1744

3.0 m boom assembly 253 559

1.6 m arm assembly 125 279

0.21 m3 SAE heaped bucket assembly 167 363

Boom cylinder assembly 72 159

Arm cylinder assembly 54 117

Bucket cylinder assembly 36 82

Bucket control link assembly 40 90

Boom swing cylinder assembly 40 90

Blade cylinder assembly 33 77
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5. LIFTING CAPACITIES

3.0 m ( 9'10") boom, 1.6 m( 5' 3") arm equipped with 0.18m3 (SAE heaped) bucket and the 
dozer blade down.

1)

3.0 m ( 9'10") boom, 1.6 m ( 5' 3") arm equipped with 0.18m3 (SAE heaped) bucket and the 
dozer blade up.

2)

· : Rating over-front : Rating over-side or 360 degree·

Note 	 1. Lifting capacity are based on SAE J1097 and ISO 10567.
	 2. �Lifting capacity of the ROBEX series does not exceed 75% of tipping load with the machine 

on firm, level ground or 87% of full hydraulic capacity. 
	 3. The load point is a hook located on the back of the bucket. 
	 4. *indicates load limited by hydraulic capacity.

Load point 
height

Load radius At max. reach
Capacity Reach

Load point 
height

Load radius At max. reach
Capacity Reach

0.21m
3

0.21m
3



1-14

6. BUCKET SELECTION GUIDE

0.07m3 SAE
heaped bucket

 0.21 m3 SAE
heaped bucket

Capacity Width

Weight

Recommendation

3.0 m (9' 10") boom

SAE
heaped

CECE
heaped

Without
side cutter

With
side cutter 1.6 m (5' 3") arm

0.07 m3

 (0.09 yd3)
0.06 m3

 (0.08 yd3)
315 mm
   (12.4")

360 mm
   (14.2")

115 kg 
(255 lb) Applicable for materials with density of 1600 kgf/m3 

(2700 lb/yd3) or less0.21 m3

 (0.28 yd3)
0.18 m3

 (0.24 yd3)
705 mm
(27.8")

770 mm
(30.3")

137 kg
 (375 lb)
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7. SPECIFICATIONS FOR MAJOR COMPONENTS

ENGINE

MAIN PUMP

1)

2)

Item Specification

Model Yanmar 4TNV98-EPHYBU

Type 4-cycle diesel engine, low emission

Cooling method Water cooling

Number of cylinders and arrangement 4 cylinders, in-line

Firing order 1-3-4-2

Combustion chamber type Direct injection type

Cylinder bore×stroke 98×110 mm (3.85"×4.33")       

Piston displacement 3319 cc (203 cu in)                         

Compression ratio 18.5 : 1

Rated gross horse power(SAE J1995) 58.2 Hp at 2400 rpm (42.5 kW at 2400 rpm)

Maximum torque at 1550rpm 20.5 kgf·m (148 lbf·ft) 

Engine oil quantity 11.6ℓ(3.1 U.S. gal)                        

Dry weight 270 kg (595 lb)

High idling speed 2200+50 rpm

Low idling speed 1050±100 rpm

Rated fuel consumption 176 g/Hp·hr at 2400 rpm

Starting motor 12V-3.0 kW

Alternator  12V-100 A

Battery 1×12V×100Ah

Item Specification

Type Variable displacement tandem axis piston pumps

Capacity 63 cc/rev

Maximum pressure 240 kgf/cm2 (3480 psi)

Rated oil flow 151.2 ℓ/min 

Rated speed 2400 rpm
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TRAVEL MOTOR

GEAR PUMP

MAIN CONTROL VALVE

SWING MOTOR

6)

3)

4)

5)

Item Specification

Type Fixed displacement gear pump single stage

Capacity 8 cc/rev

Maximum pressure 204 kgf/cm2 (2958 psi)

Rated oil flow 19.2ℓ/min 

Item Specification

Type 8 spools sectional block

Operating method LUDV

Main relief valve pressure 240 kgf/cm2(3480 psi)

Overload relief valve pressure 265 kgf/cm2(3842 psi)

Item Specification

Type Two fixed displacement axial piston motor

Capacity 28.9 cc/rev

Relief pressure 230 kgf/cm2  (3335 psi)

Braking system Automatic, spring applied hydraulic released

Braking torque 14 kgf·m (101 lbf·ft)

Brake release pressure 20~40 kgf/cm2 (284~570 psi)

Reduction gear type 2 - stage planetary

Item Specification

Type Bent axis design variable displacement axial piston motor

Relief pressure 230 kgf/cm2 (3335 psi)

Counterbalance valve Applied

Capacity 80 cc
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POWER TRAIN7)

CYLINDER8)

※ �Discoloration of cylinder rod can occur when the friction reduction additive of lubrication oil spreads on 

the rod surface.

※ �Discoloration does not cause any harmful effect on the cylinder performance.

Item Specification

Boom cylinder
Bore dia×Rod dia×Stroke Ø110×Ø65×715mm

Cushion Extend only

Arm cylinder
Bore dia×Rod dia×Stroke Ø90×Ø55×850mm

Cushion Extend and retract

Bucket cylinder
Bore dia×Rod dia×Stroke Ø80×Ø50×660mm

Cushion Extend only

Dozer cylinder
Bore dia×Rod dia×Stroke Ø105×Ø55×189mm

Cushion -

BUCKET

Item
Capacity Tooth 

quantity
Width

	 SAE heaped CECE heaped 	Without side cutter With side cutter

R60WVS
PRO

STD 0.21 m3 (0.28 yd3) 0.18 m3 (0.24 yd3) 5  705 mm (27.8") 770 mm (30.3")

OPT   0.07 m3 (0.09 yd3) 0.06 m3 (0.08 yd3) 3     315 mm (12.4")     360 mm (14.2")

Item Description Specification

Gear box

Type 2 speed hydrostatic

Gear ratio
1st 4.06

2nd 1.31

Parking brake
Type Multi disc brake integrated in rear axle

Maximum braking power 945 kgf·m (6835 lbf·ft)

Axle

Type 4 wheel drive with differential

Gear ratio 13.65

Brake Multi disc brake

9)
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Service point Kind of fluid
Capacity

ℓ (U.S. gal)

Ambient temperature C̊ ( F̊)

Engine
oil pan

Engine oil

Swing drive

Grease 0.2 (0.1)

Gear oil 1.5 (0.4)

Gear box case

Gear oil

1.8 (0.5)

Front axle
Center : 4.5 (1.19)
Hub : 0.4×2  
         (0.11×2)

Rear axle
Center : 4.5 (1.19)
Hub : 0.4×2
         (0.11×2)

Hydraulic tank Hydraulic oil

Tank;
70 (18.5)

System;
120 (31.7)

Fuel tank Diesel fuel★1 120 (31.7)

Fitting
(grease nipple)

Grease As required 

Radiator
(reservoir tank)

Mixture of 
antifreeze
and water
50 : 50★2

10 (2.5)

SAE 85W-90 LSD(GL-5)

SAE 30

SAE 10W

SAE 10W-30

SAE 15W-40

ISO VG 46, HBHO VG 46★3

ISO VG 68

★ASTM D975 NO.1

ASTM D975 NO.2

★NLGI NO.1

NLGI NO.2

Ethylene glycol base permanent type 

★SAE 5W-40

★SAE 75W-90

★ISO VG 15

★Ethylene glycol base permanent type (60 : 40)

-50      -30          -20        -10           0            10           20          30       40
(-58)  (-22)         (-4)        (14)        (32)        (50)        (68)       (86)   (104)

★NLGI NO.1

NLGI NO.2

SAE 85W-140

ISO VG 32

: Cold region
  Russia, CIS, Mongolia

: Ultra low sulfur diesel 
      - sulfur content  15 ppm

: Soft water 
  City water or distilled water

: Hyundai Bio Hydraulic Oil
- For more information, contact HYUNDAI dealers.

★

  
★1

★2

★3

SAESAE

APIAPI

ISOISO

NLGINLGI

ASTMASTM

UTTOUTTO

:

:

:

:

:

:

Society of Automotive Engineers

American Petroleum Institute

International Organization for Standardization

National Lubricating Grease Institute

American Society of Testing and Material

Universal Tractor Transmission Oil

RECOMMENDED RECOMMENDED LUBRICANTSLUBRICANTS
Use only oils listed below or equivalent.
Do not mix different brand oil.

8.8.

※  Using any lubricating oils other than HYUNDAI genuine products may lead to a deterioration of performance   Using any lubricating oils other than HYUNDAI genuine products may lead to a deterioration of performance 

and cause damage to major components.and cause damage to major components.

※  Do not mix HYUNDAI genuine oil with any other lubricating oil as it may result in damage to the systems of   Do not mix HYUNDAI genuine oil with any other lubricating oil as it may result in damage to the systems of 

major components.major components.

※  For HYUNDAI genuine lubricating oils and grease for use in regions with extremely low temperatures, please   For HYUNDAI genuine lubricating oils and grease for use in regions with extremely low temperatures, please 

contact HYUNDAI dealers.contact HYUNDAI dealers.

12 (3.1)



SECTION  2  STRUCTURE AND FUNCTIONSECTION  2  STRUCTURE AND FUNCTION
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GROUP  1  HYDRAULIC PUMPGROUP  1  HYDRAULIC PUMP
1. STRUCTURE (1/2)1. STRUCTURE (1/2)

SECTION  2  STRUCTURE AND FUNCTIONSECTION  2  STRUCTURE AND FUNCTION

 1 Main pump
 2 Control valve
 3 Control valve
 30 Locking screw
 40 Stop screw
 41 Nut
 42 Cap

 43 O-ring
 72 Cover
 73 Cover
 75 Screw
 76 Screw 
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STRUCTURE (2/2)STRUCTURE (2/2)

 1 Rotary Assy
 2 Spring
 3 Stopper
 5 Pump housing
 6 Port plate
 7 Swash plate
     8     Drive shaft
 10 Spring
    12 Adjust shim
 14 Stop ring

15 Taper roller bearing 

 16 Taper roller bearing
 17 Liner bearing
 18 Liner bearing
 20 Seal ring
 21 O-ring
 24 Seal ring
     25    Retainer ring
 27 Socket screw
 33 Cylinder pin
 35 Screw 
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2. PRINCIPAL COMPONENTS AND FUNCTIONS
 The A10VO, A10VSO, A10VNO, A10VSNO are variable pumps with axial piston rotary group 
in swashplate design for hydrostatic drive in an open circuit. Flow is proportional to drive speed

 and displacement. The flow can be steplessly changed by controlling the swashplate (13).  For
 axial piston units with swashplate design, the pistons (11
 the drive shaft (1).

) are arranged axially with respect to

1

3
4

11

5

6

8

9

1012

13

7

2

1 Drive shaft
2 Spring
3 Retaining plate
4 Stroke piston
5 Control valve

6 High-pressure side
Control plate 7 

8 Port plate
9 Suction side
10 Cylinder

11 Piston
12 Slipper pad
13 Swashplate
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The axial piston unit can be identified from the name plate. The following example shows an 
 A10VO name plate: 

7201

richtung
Dreh-

SN:

Made in Germany

12345678

xxxxxxxxxxxx

MNR: FD:

Rexroth
        A10VO28DRS/53R-VSC11N00

11W46

1

5

2
3

49
10
11

12

678

13

14

Manufacturer1 
Production date2 
Internal plant designation3 
Direction of rotation (viewed on 4 
drive shaft) – here: clockwise
Bar code5 
Power setting (optional)6 
Speed7 

Flow setting (optional)8 
Pressure controller setting 9 
(optional)
Minimum displacement10 
Serial number11 
Material number of 12 
the axial piston unit
Ordering code13 
Customer material number14 

3. PRODUCT IDENTIFICATION
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4. Function of pump

Torque and rotational speed are applied to the drive shaft ( 1) by an engine. The drive shaft 
 is connected by splines to the cylinder (10 ) to set this in motion. With every revolution, the  
 pistons (11) in the cylinder bores execute one stroke whose magnitude depends on  the 
setting  of the swashplate (13). The pistons hold the slipper pads (12) onto the glide surface
 of the swashplate with the retaining plate (3) and guide them along. The swashplate  setting 
during a rotation causes each piston to move over the bottom and top dead centers and back

position. Here, hydraulic fluid is fed in and drained out through the two control slots  
in the control plate  (7) according to the stroke displacement. On the suction side (9
fluid flows into the piston chamber as the piston recedes. At the same time, on the high-pressure 

6) the fluid is pushed out of the cylinder chamber into the hydraulic system by the pistons.

1) Pump

 to its initial 
) hydraulic 

side (

1

3
4

11

5

6

8

9

1012

13

7

2
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CONTROL FUNCTIONSCONTROL FUNCTIONS2)2)

The swivel angle of the swashplate (13) is steplessly variable. Controlling the swivel angle of 
 the swashplate changes the piston stroke and therefore the displacement. The swivel angle is  
changed hydraulically by means of the stroke piston. The swashplate is mounted in  swivel 

 bearings for easy motion and it is kept in balance by a spring (2). Increasing the swivel  angle
 increases the displacement; reducing the angle results in a corresponding reduction in displacement.

1

3
4

11

5

6

8

9

1012

13

7

2
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1. OUTLINE1. OUTLINE(REXRORH RS12)

GROUP 2 MAIN CONTROL VALVEGROUP 2 MAIN CONTROL VALVE
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2.FEED GROUP (REXRORH RS12) 1/2

flush valve

LS relief valveflow control valve
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2.FEED GROUP (REXRORH RS12) 2/2

12
33

1
1

1
3

2

1. LS relief valve:

2. Flush valve:

 Medium standby pressure: fast response and accumulator pressure loss to 

action

 
 The median flushing

 Combined with LS relief valve, it acts as the main relief valve of the system

3. Flow control valve: release LS oil pressure

4. System pressure: LS overflow pressure + flushing valve pressure

overflow LS oil line working pressure

ensure machine 
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3. WORKING GROUP (REXRORH RS12) 
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1. STRUCTURE
    Swing device consists swing motor, swing reduction gear.

SWING MOTOR

Swing motor include mechanical parking valve, relief valve, make up valve and time delay valve.

 GROUP  3  SWING DEVICE

1)

SH PG

GA GB

A B

Mu Dr

SH

PG

Dr

GA GB

A Mu B

Air vent

555K2SM01

Port Port name Port size

A Main port SAE PF 1/2

B Main port SAE PF 1/2

Dr Drain port         PF 3/8

Mu Make up port         PF 3/4

PG Brake release stand by port         PF 1/4

SH Brake release pilot port         PF 1/4

GA,GB Gauge port         PF 1/4

Output shaft Oil level gauge Time delay valve

Gear oil filling port (PT1/4)

Hydraulic circuit
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 1 Body
 2 Oil seal
 3 Cylinder block
 4 Shaft
 5 Taper bearing
 6 Bushing
 7 Shoe plate
 8 Spring
 9 Set plate
 10 Piston shoe assy
 11 Ball guide
 12 Rear cover
 13 Pin
 14 O-ring

 15 Taper bearing
 16 Valve plate
 17 Relief valve assy
 18 Socket bolt
 19 Plug
 20 Plug
 21 O-ring
 22 Shim
 24 Back up ring
 25 O-ring
 26 Friction plate
 27 Plate
 28 Parking piston
 29 O-ring

 30 Spring
 31 Time delay valve
 32 Socket bolt
 33 Plug
 34 O-ring
 35 Valve
 36 Spring
 37 Plug
 38 O-ring
 39 O-ring
 40 Back up ring
 41 Name plate
 42 Rivet

2521 5 107 9 11 26 27 1328 15 12 32 31 17 24

294 6 8 3 14 30 16 22 33 34 41,42 20,21

39 40 18

35 36 38 3719
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REDUCTION GEARREDUCTION GEAR

 1 Shaft
 2 Bearing cover
 3 Taper roller bearing
 4 Case
 5 Oil seal
 6 Taper roller bearing
 7 Sun gear 2
 8 Socket bolt
 9 Sun gear 1
 10 Carrier assy 1
 11 Ring gear

 12 Carrier assy 2
 13 Dowel pin
 14 Collar
 15 Plug
 16 Plug
 17 Cover
 18 Pipe
 19 Level gauge
 20 Carrier assy 1
 21 Planet gear 1
 22 Pin 1

 23 Bushing 1
 24 Thrust washer 1
 25 Thrust washer 3
 26 Thrust washer 2
 27 Carrier assy 2
 28 Planet gear 2
 29 Pin 2
 30 Bushing 2
 31 Spring pin
 32 Snap ring
 33 Thrust washer 4

2 43 5 6 7 8

15 14 13 27

9

25

1116 171

21

22

32

23

24

29302831 26

20

2)2)
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F1 F1

F

97 10 3

16

Low 
pressure oil

High
pressure oil

2. FUNCTION2. FUNCTION

ROTARY PARTROTARY PART
When high pressurized oil enters a cylinder through port(a), which is the inlet of balance plate(16), 
hydraulic pressure acting on the piston causes axial force F.   The pressure force F works via the 
piston(10) upon the return plate(9) which acts upon the swash plate(7) via an hydrostatic bearing. 
Force F1 perpendicular to swash plate(7) and force F2 perpendicular to cylinder center.
Being transferred to the cylinder block(3) through piston, force F2 causes rotational moment at 
surroundings of cylinder.
Since cylinder block has 9 equidistantly arrayed pistons, rotational torque is transmitted to cylinder 
shaft in order by several pistons connected to the inlet port of high pressurized oil.   When the 
direction of oil flow is reversed, rotational direction of cylinder is also reversed.   Output torque is 
given by the equation.
                        
T =            , q=Z·A·PCD·tanθ,  F1 =              , F2=F tanθ , S=PCD×tanθ

           

Where  p  : Effective difference of pressure (kgf/cm2)
 q   : Displacement (cc/rev)
 T  : Output torque (kgf·cm)
 Z  : Piston number (9EA)
 A  : Piston area (cm2)
 θ: Tilting angle of swash plate (degree)
 S  : Piston stroke (cm)

1)1)

F

COSθ

p×q

2Л
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MAKE UP VALVEMAKE UP VALVE

OutlineOutline
The safety valve portion consists of a 
check valve and safety valve.

FunctionFunction
When the swing is stopped, the output 
circuit of the motor continues to rotate 
because of inertia.  For this reason, the 
pressure at the output side of the motor 
becomes abnormality high, and this will 
damage the motor.  To prevent this, the oil 
causing the abnormal hydraulic pressure 
is allowed to escape from the outlet port 
(high-pressure side) of the motor to port 
Mu, thereby preventing damage to the 
motor.
Compared with a counterbalance valve, 
there is no closed-in pressure generated 
at the outlet port side when slowing down 
the swing speed.  This means that there is 
no vibration when slowing down, so the 
ease of swing control is improved.

OperationOperation
When starting swingWhen starting swing
When the swing control lever is operated 
to left swing, the pressurized oil from the 
pump passes through the control valves 
and is supplied to port B.  Because of 
this, the pressure at port B rises, staring 
torque is generated in the motor, and the 
motor starts to rotate.  The oil from the 
outlet port of the motor passes from port 
A through the control valve and returns to 
the tank.

(1)(1)

(2)(2)

(3)(3)

2)2)

①

Dr

A Mu B
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When stopping swing
When the swing control lever is returned 
to neutral, no pressurized oil is supplied 
from the pump to port B.
The return circuit to the tank is closed by 
the control valve.  So the oil from the 
outlet port of the motor increases in 
pressure at port A.  Resistance to the 
rotation of the motor is created, and the 
brake starts to act.
The pressure at port A rises to the set 
pressure of make up valve a, and in this 
way, a high brake torque acts on the 
motor, and the motor stops.
When make up valve a is being actuated, 
the relief oil from make up valve a and 
the oil from port Mu pass through check 
valve CB and are supplied to port B.  
This prevents cavitation from forming at 
port B.

②

·

·

·

SH

PG

Dr

GA GB

A Mu B
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 1 Body
 2 Plug
 3 O-ring
 4 Plunger
 5 Piston
 6 Spring
 7 Spring seat
 8 Seat
 9 O-ring
 10 Nut

Construction of relief valveConstruction of relief valve
The valve casing contains two cartridge type relief valves that stop the regular and reverse 
rotations of the hydraulic motor.   The relief valves relieve high pressure at start or at stop of swing 
motion and can control the relief pressure in two steps, high and low, in order to insure smooth 
operation.

Function of relief valve Function of relief valve 
Figure illustrates how the pressure acting 
on the relief valve is related to its rising 
process.  Here is given the function, 
referring to the figure following page.

1

2

3

4

5

6

7

8

10

9

PS

P1

1

2

3

4

P

T

P=pressure,   T=time

RELIEF VALVERELIEF VALVE3)3)

(1)(1)

(2)(2)
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BRAKE SYSTEMBRAKE SYSTEM

Control valve swing brake system Control valve swing brake system 
This is the brake system to stop the swing motion of the excavator during operation.
In this system, the hydraulic circuit is throttled by the swing control valve, and the resistance 
created by this throttling works as a brake force to slow down the swing motion.

Mechanical swing parking brake systemMechanical swing parking brake system
The mechanical swing parking brake system is installed to prevent the upper structure from 
swinging downhill because of its own weight when the excavator is parked on a slope since it 
completely eliminates the hydraulic drift of swing motion while the excavator is on a slop, work 
can be done more easily and safely.

Brake assemblyBrake assembly
Circumferential rotation of separate plate 
(27) is constrained by the groove located 
at casing (1). When housing is pressed 
down by brake spring (30) through 
friction plate (26), separate  plate (27) 
and brake piston (28), friction force 
occurs there.
Cylinder (3) is constrained by this friction 
force and brake acts, while brake 
releases when hydraulic force exceeds 
spring force.

Work Deceleration Stop

MCV A, B opened MCV A, B throttled MCV A, B closed

MCV MCV MCV 

A B A B A B

 1 Casing
 3 Cylinder
 26 Friction plate

 27 Separate plate
 28 Brake piston
 30 Brake spring

4)4)

(1)(1)

(2)(2)

①

30

27

3

1

28

26
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Operating principleOperating principle
When the swing control lever (1) is set to the swing position, the pilot oil go to the swing control 
valve (2) and to SH of the time delay valve (3) via the shuttle valve (4), this pressure move 
spool (5) to the leftward against the force of the spring (8), so pilot pump charged oil (P4) goes 
to the chamber G.
This pressure is applied to move the piston (28) to the upward against the force of the spring 
(30).  Thus, it releases the brake force.

②

a.

3

1

12

P4

2

4

2

SH

5

8

30

28 G

 1 Swing control lever
 2 Swing control valve (MCV)
 3 Time delay valve
 4 Shuttle valve
 5 Spool
 8 Spring
 12 Gear pump
 28 Brake piston
 30 Brake spring



2-20

When the swing control lever (1) is set the neutral position, the time delay valve (3) shifts the 
neutral position and the pilot oil blocked chamber G.
Then, the piston (28) is moved lower by spring (30) force and the return oil from the chamber G        
is drain.

b.

3

1

P4

2

4

2

SH

30

28 G

 1 Swing control lever
 2 Swing control valve (MCV)
 3 Time delay valve
 4 Shuttle valve
 28 Brake piston
 30 Brake spring
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Hydraulic circuit

U T1 M1

MB(MA)

T2 G X

Y

MA MB

M1

AB

G

S

X

VIEW  Y

Motor unit Regulator

Counter balance valve

T

M1

MB

B(FOR) A(REV)S

Gext

MA

X

GT

GROUP  4  TRAVEL DEVICEGROUP  4  TRAVEL DEVICE

1.  CONSTRUCTION1.  CONSTRUCTION
Travel motor consists motor unit, regulator and counter balance valve.

Port Port name Port size

A, B Main port SAE 6000psi 1

G Gauge port M14×1.5

M1 Gauge port M14×1.5

X Pilot pressure port M14×1.5

T2 Drain port M18×1.5

U Flushing port M18×1.5

S Make up port M22×1.5

MA,MB Gauge port M18×1.5
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MOTOR UNITMOTOR UNIT1)1)

1 22 8 23 24 13 26 5 1229

9 11 10 20 21 25 28 30 31 17 32 331827

 1 Drive shaft
 5 Housing
 8 Locking screw
 9 Retaining ring
 10 Shaft seal ring
 11 Back up plate
 12 O-ring
 13 Locking screw

 17 Threaded pin
 18 Seal lock nut
 20 Retaining ring
 21 Back up plate
 22 Taper roller bearing
 23 Shim
 24 Taper roller bearing
 25 Retaining plate

 26 Piston
 27 Center pin
 28 Pan head screw
 29 Steel sealing ring
 30 Cylinder block
 31 Pressure spring
 32 Adjustment shim
 33 Control lens
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20

15

16

28
34

50

29

21

19

23

2

7

26

32
24

4

8

5

33

1

64

65

63

60

55

56
57
58
59

61
62

51
52
53
54

66

67 68 70 69 71

 1 Control housing
 2 Cover
 4 Positioning piston
 5 Positioning trunnion
 7 Piston
 8 Threaded pin
 15 Socket head screw
 16 Socket head screw
 19 O-ring
 20 O-ring
 21 O-ring
 23 Socket head screw
 24 Square ring
 26 Cylinder pin

 28 Double break off pin
 29 Plug
 32 Double break off pin
 33 O-ring
 34 Locking screw
 50 Relief valve
 51 Adjusting bushing
 52 Cylinder pin
 53 Threaded pin
 54 Seal lock nut
 55 Pressure spring
 56 Spring collar
 57 Pressure spring
 58 O-ring

 59 Retaining ring
 60 Control piston
 61 Control bushing
 62 Retaining disc
 63 Locking screw
 64 Locking screw
 65 Double break off pin
 66 Socket head screw
 67 Cover
 68 Throttle screw
 69 Socket head screw
 70 O-ring
 71 Locking screw

REGULATORREGULATOR2)2)
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2. FUNCTION2. FUNCTION

VARIABLE DISPLACEMENT MOTORVARIABLE DISPLACEMENT MOTOR (with integrated counterbalance valve)
The variable displacement motor has a rotary group in bent axis design.
The torque is generated directly at the drive shaft.
The cylinder barrel is driven by a tapered piston arrangement.
The change of displacement is generated by the control lens via positioning piston.   The control 
lens slides on a circular shaped surface.

In case of constant pump flow volume and high pressure
- The output speed is increased at smaller swivel angle, the torque is reduced
- The torque rises at swivel angle increase, the output speed is decreased

The max swivel angle is 25˚, the min swivel angle is 0˚.

The variable displacement motor with integrated counterbalance valve is designed to be operated 
in open loop.

Min and  max displacement are limited by a stop screw.  Stepless adjustment to various higher 
values is possible.
Reduction to smaller displacement may result in overspeeding the motor.

PORT PLATEPORT PLATE
With high pressure dependent control HA1, mounted counterbalance valve, integrated secondary 
pressure relief valves, plugged gauge and boosting ports, service ports to the rear.

1)1)

※

2)2)

Motor unit

Port plate

Counter balance valve
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HIGH PRESSURE DEPENDENT CONTROLHIGH PRESSURE DEPENDENT CONTROL
The displacement is-dependent on operating pressure - automatically adjusted.   Upon reaching 
the operating pressure set at the control valve - internally measured at A or B - the motor swivels 
from Vgmin to Vgmax until output torque = load torque.   For values lower than the adjusted one the 
motor keeps min swivel angle.   The necessary positioning energy is taken from the respective high 
pressure side via shuttle valve.

Swivelling results in a change of the displacement.
Swivel time is controlled by an orifice installed in the cover of the large positioning piston side.

COUNTERBALANCE VALVECOUNTERBALANCE VALVE
Mounted at the rear of the port plate.
Incase of downhill traveling or deceleration of the machine a counterbalance valve avoids 
overspeeding and cavitation of hydraulic motor.

FUNCTION AS TO CIRCUIT DIAGRAMFUNCTION AS TO CIRCUIT DIAGRAM
Check valves in the inlet line A and B for by passing of the counterbalance valve.
At traveling forward the return oil flow is controlled by a counterbalance spool.   At drop in inlet 
pressure the counterbalance spool throttles the return oil flow.   The motor is locked.   The oil 
behind the spool is led to the low pressure side via an additional check valve.   Same function for 
traveling forward and backward.

Braking means for the motor that
-  At reduced or zero inlet flow the counterbalance spool reaches a modulating position or a neutral 

position caused by spring force
-  The high pressure oil (at outlet side of the motor) is returned to the low pressure side(At inlet side) 
of the motor via crossover relief valves.

As the control pressure for regulation of the HA control via the integrated shuttle valve is no longer 
available, the motor with HA control and counterbalance valve will swivel to its minimum 
displacement during deceleration.
In addition, an external boost flow/pressure can be applied at port S for preventing cavitation.

Counterbalance valves do not replace the service and parking brake.

3)3)

4)4)

5)5)

※

Motor unit

Port plate

Counter balance valve
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INSTALLATIONINSTALLATION
The housing must be filled entirely with oil and shall also not run empty at rotary group standstill.

FILTRATIONFILTRATION
According to purity class 9 as to NAS 1638, 6 as to SAE, ASTM, AIA and 18/15 as to ISO/DIS 
4406.

PRESSUREPRESSURE
Ports A or B : Normal 400bar, peak pressure 450 bar
Port A + B    : Pressure summation below 700 bar
Max permissible intermittent case pressure : 6 bar

DIRECTION OF ROTATION/ DIRECTION OF FLOWDIRECTION OF ROTATION/ DIRECTION OF FLOW
With view on the drive shaft - clockwise/ A to B; Counter-clockwise/ B to A

LEAKAGE OIL TEMPERATURELEAKAGE OIL TEMPERATURE
In the bearing area max permitted -25˚C to +80˚C ; Short time operation -40˚C to +115˚C

COMMISSIONINGCOMMISSIONING
Fill the housing entirely with oil through highest located T port.   Also connect the leakage oil pipe 
at this port.   After commissioning check sealing and make visual control of the complete 
installation.

6)6)

7)7)

8)8)

9)9)

10)10)

11)11)

Motor unit

Port plate

Counter balance valve
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 GROUP  5    RCV LEVERGROUP  5    RCV LEVER

1. STRUCTURE1. STRUCTURE

⚫ STRUCTURE: 

 SVM980 joysticks with Anti - dampening design to built a advantage low lever effort,
 it have a whole cast iron body that can work at more higher flow capacity

 

and life.

 

And Compatible with Walvoil levers and rubber boots . 
 

 

 

Port Left joysticks Right joysticks Port size 

P Pilot oil inlet port Pilot oil inlet port JIS 1/4’ 

With adaptor  

9/16- 18 UNF 
T Pilot oil return port Pilot oil return port 

1 Left swing port Bucket out port 

2 Arm in port Boom down port 

3 Right swing port Bucket in port 

4 Arm out port Boom up port 
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⚫ CROSS SECTION:  
The construction of this pilot valve is showing the whole internal components which 
to built the pilot curve and how to work. 

The 
pressure reducing section is composed of spool (4) , spring seat (5) , reducing spring
(7), return spring(6) , lock washer(8), guider ring (10) , bullet (9) , piston(22), the

 reducing spring (7) to create the pilot pressure 8~28bar during his whole stroke in the 
the spool (4) is pushed against to the normal position by return spring(6).  

 

Port P with adaptor ‘3’, Port 1,2,3,4,T with adaptor ‘2’. 

1  Body 2  Short adaptor 3  Long adaptor 4  Spool 

5  Spring seat 6  Return spring 7  Reduce spring 8  Lock Washer 

9  Bullet 10 Guider ring 11 Fixing flange 12 Press flange 

13 Circle flange 14 In rubber bellow  15 Rubber bellow 16 Cardon Joint 

17 Selector  18 Link nut 19 Lock nut 20 Handle 
21 Bent joint  22 Piston   

 

setting, 
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⚫ FUNCTION: 
This is an ideal hydraulic proportional remote control system when max. movement 

precision and long- lasting reliability are required. 

The system needs a secondary circuit with low pressure pilotage, fed separately by a 

dedicated pump and in derivation to the primary one. In this last case, it is necessary to 
include a feeding unit with eventual accumulator for emergency interventions into the circuit. 

1) Inlet port(P) where oil be fed from pilot pump or Feed unit. 

2) Out port (1,2,3,4) be supplied oil from inlet port and send to main valve control kits, 

3) T port connect to oil tank. 

 

 

Directional Valve 

control valve 

 

AVN020 

feeding unit 

Feedunit 

Svm joysticks 
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1. STRUCTURE1. STRUCTURE
The casing has the oil inlet port P (primary pressure), and the oil return port T (tank).  In addition the 
secondary pressure is taken out through port A.

 GROUP  6  ACCELERATOR PEDALGROUP  6  ACCELERATOR PEDAL

P
T

T

P

VIEW   X
X

A

A

HYUNDAI

30

45

Port Port name Port size

P Pilot oil inlet port

PF 1/4T Pilot oil return port

A Pilot oil output port
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1.  STRUCTURE1.  STRUCTURE
The casing (spacer) has the oil inlet port A(Primary pressure), and the oil outlet port T (tank).  In 
addition the secondary pressure is taken out through ports 1,2,3 and 4 provided at the bottom face.

GROUP  7  BRAKE PEDALGROUP  7  BRAKE PEDAL (VALVE)

 1 Lower body
 2 Upper body
 3 Spool
 4 Plug
 5 Holder
 6 Lower spring
 7 Upper spring
 8 Main spring
 9 Spring retainer 
 10 O-ring
 11 O-ring
 12 Oil seal

 13 Spring guide
 14 Stop ring-C
 15 DU bushing
 16 Pedal plate
 17 Pedal assy
 17-1 Pedal
 17-2 Lock plate
 17-3 Hex bolt
 17-4 Plat washer
 18 Pedal rubber 
 19 Latch
 20 Rubber cover

 21 Lock pin 1
 22 Lock pin 2
 23 Torsion spring 1
 24 Torsion spring 2
 25 Stop ring-C
 26 E-ring
 27 Hex bolt
 28 Hex nut
 29 Socket head bolt
 30 Spring washer
 31 Plat washer
 32 Stop ring-C

13
11

7
12

31
32

9
8

15

28

17-2

P2 BR2

T2

P1

T1

BL2

BR1

BL1

5

27

20

4
10

26

6
14
1

29
3

30
2
16
24
29
22

21
23

17-1
17
18 25

18
19

17-4
17-3

T2
P2

T1
P1

BL2
BR2

BR1
BL1

Port Port name Port size

P1 Port PF 3/8

P2 Port PF 3/8

BR1 Brake cylinder port PF 3/8

BR2 Brake cylinder port PF 3/8

BL1 Pluging PF 3/8

BL2 Pluging PF 3/8

T1 Drain port PF 3/8

T2 Drain port PF 3/8
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2. FUNCTION2. FUNCTION

PURPOSEPURPOSE
The purpose of the brake valve is to sensitively increase and decrease the braking pressure when 
the brake pedal is actuated.

READY POSITIONREADY POSITION
When the braking system is ready for operation, its accumulator pressure acts directly on port P1/
P2 of the brake valve.   A connection is established between ports BR1/BR2 and port T1/T2 so that 
the wheel brakes ports BR1/BR2 are pressureless via the returns ports T1/T2.

PARTIAL BRAKINGPARTIAL BRAKING
When the brake valve is actuated, an amount of hydraulic pressure is output as a ratio of the foot 
force applied.
The spring assembly (8) beneath pedal plate (16) is designed in such a way that the braking 
pressure changes depending on the angle.   In the lower braking pressure range, the machine can 
be slowed sensitively.
When the braking process is commenced, the upper spool (3) is mechanically actuated via spring 
assembly (8), and the lower spool (3) is actuated hydraulically by spool (3).   As spools (3) move 
downward, they will first close returns T1/T2 via the control edges, thus establishing a connection 
between accumulator port P1/P2 and ports BR1/BR2 for the wheel brake cylinders.   The foot force 
applied now determines the output braking pressure.   The control spools (3) are held in the control 
position by the force applied (spring assembly) above the spools and the hydraulic pressure below 
the spool (balance of forces).
After output of the braking pressure, spools (3) are in a partial braking position, causing ports P1/
P2 and T1/T2 to close and holding the pressure in ports BR1/BR2.

FULL BRAKING POSITIONFULL BRAKING POSITION
When pedal (17) is fully actuated, an end position of the brakes is reached and a connection 
established between accumulator ports P1/P2 and brake cylinder ports BR1/BR2.   Returns T1/T2 
are closed at this point.

When the braking process ended, a connection is once again established between brake cylinder 
ports BR1/BR2 and return ports T1/T2, closing accumulator ports P1/P2.

The arrangement of spools in the valve ensures that even if one braking circuit fails the other 
remains fully operational.   This is achieved by means of the mechanical actuation of both spools 
and requires slightly more pedal travel.

LIMITING THE BRAKING PRESSURELIMITING THE BRAKING PRESSURE
Pedal restriction screw (29) on pedal plate (16) below pedal (17) is used to limit the braking pressure.

FAILURE OF A CIRCUITFAILURE OF A CIRCUIT
In the event of the lower circuit failing, the upper circuit will remain operational. Spring assembly (8) 
will mechanically actuate spool (3). In the event of the upper circuit failing, the lower circuit will 
remain operational since the lower spool (3) is mechanically actuated by spring assembly (8) and 
spool (3).

1)1)

2)2)

3)3)

4)4)

5)5)

6)6)
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1.  STRUCTURE1.  STRUCTURE

GROUP  8  GEAR BOXGROUP  8  GEAR BOX

1 speed connection

Travel motorControl switch(2 speed)Control switch(1 speed)

Oil charge and
chek level plug

Oil drain plug

Speed sensor output shaft

2 speed connection

Breather
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2. GEAR BOX FUNCTION2. GEAR BOX FUNCTION
It explains mechanism, function operation principle and caution in the operation of transfer gear box 
applied to for this equipment.

GEAR BOX MECHANISMGEAR BOX MECHANISM1)1)

2 1

5

6

7

3

4
A B

 1 Input shaft gear 1
 2 Input shaft gear 2
 3 Output shaft gear 1

 4 Output shaft gear 2
 5 Input shaft
 6 Change selector 

 7 Output shaft 

FUNCTIONFUNCTION
Transfer gear box applied to R60W-9S is a hydraulic system having 1, 2 speed gear and its system                           
is dog clutch type.
Once pushing 1 speed button for speed change, exhausted hydraulic power flow from the pump 
supplied to port "A" by operating 1, 2 speed solenoid valve and change selector (6) pushed by 
selector shift  goes in gear with output shaft gear 1 (3).
The power gear box is moved to input gear shaft 1 (1), output shaft gear 1 (3),  change selector (6), 
output shaft (7) and this procedure lead to 1 speed operation status.
Meanwhile, once pushing 2 speed button in the equipment stop condition, hydraulic power flow 
from the pump supplied to port "B" and change selector (6) pushed by selector shaft goes in gear 
with output shaft gear 2 (4).
The power gear box is moved to input shaft gear 2 (2), output shaft gear 2 (4), change selector (6),  
output shaft  (7) and this procedure lead to 2 speed operation status.

2)2)
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3. TECHNICAL DATA3. TECHNICAL DATA

GENERAL DATAGENERAL DATA

Max. input power : 70 kW

Max. input torque : 71.4 kgf·m

Max. input speed : 4500 rpm

Hydraulic motor : 80 cc/rev

Gear ration
·1st speed  : 4.06 : 1
·2nd speed : 1.31 : 1

Output flange
·Bolt for propshaft connection : M10×1.25
·Gear box weight                     : 75 kg (165 lb)

GEAR BOX CONTROLGEAR BOX CONTROL

Control pressureControl pressure
   At connection P1 and P2 at Low/High speed : 26~32 kgf/cm2

Definition of lubricants : SAE 80W-90 API GL-4

1)1)

2)2)

(1)

(2)

(3)

(4)

(5)

(6)

(1)(1)
①

②

HOW TO CHANGE THE TRAVEL SPEEDHOW TO CHANGE THE TRAVEL SPEED

Travel speed switch

Low speed

High speed

If you want to change the speed, be sure to 
operate according to the fol lowing 
procedure.  Otherwise, unreasonable 
operation may cause fatal impact and 
failure to the transfer box (gear box).
- In case of changing the travel speed, be 

sure to stop the machine completely.
- Keep the machine on the stationary state 

and stepping the brake pedal to full 
stroke.  Thereafter, select the speed 
switch to the desired position.
When operating the travel speed switch 
without stepping brake pedal and 
stopping the machine completely, the 
operation of gear box can not be worked 
actually even though the position of 
speed switch is left to the desired 
position.

- When turning the key switch to "OFF" 
position to stop the machine, be sure to 
transfer the travel speed switch to the low 
speed position.
Because the position of solenoid valve for 
travel is automatically transferred to the 
low speed position when turning the key 
switch to "OFF"position.

3)3)
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1.  STRUCTURE1.  STRUCTURE

GROUP  9  STEERING VALVEGROUP  9  STEERING VALVE

Hydraulic circuit

55W7A2ST01

Port Port name Port size

L Left port PF 3/8

R Right port PF 3/8

P Pump port PF 1/2

T Tank port PF 3/8

EF Auxiliary port PF 1/2



13 1112
141516

17

18

1920

22
23

24
25

27 28

21

26

41
38394042

Load Sensing Relief Valve

Cylinder Relief Valves

Inlet Check Valve 34

10 8 9 7

5 4 3

35 36

37

29 30 2 1

31
32
33

Manual Steering 
Check Valve

Anti-Cavitation Valves

2. COMPONENTS2. COMPONENTS

2-37



1. Cap Screw (M10)

2. End Cap

3.                                           Spring
4.

                                      
 Plug

5.

                                    

Ball 4mm
6. Seal,  O-ring 77.5mm ID*

7. Gerotor

8. Spacer Plate

9. Drive

10. Housing

11.

                

Valve Seat

12.

                

Ball 5mm

13.

                

Ball Holder

14.

                

O-ring 7.6454mmID* 

15.

                

Spring
16.

               

 Plug

17. Sleeve

18. Spool

19. Pin

20. Bearing Race 

21. Bearing Race

22.     Dust Seal*

23. Gland Bushing

24. O-ring 43.2mm ID

25. Shaft Seal Kit*

26. Needle Thrust Bearing

27. Spring

28. Spacer

29. Back-up Washer*

30. Ring, Seal*

31. Plug                                                            

32. O-ring 6.07mm ID*                                          

33. Screw, Set

34. Inlet Check Valve

35. Ball 7mm

36. Roll Pin 

37. Spacer

38. Valve Set
39. Poppet

40. Spring

41. O-ring 7.6454mmID*

42. Plug

2-38
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GROUP  10  AXLEGROUP  10  AXLE

1. 1. OPERATIONOPERATION
·The power from the engine passes through main pump, travel motor and transmission and drive     
shafts, and is then sent to the front and rear axles.
·Inside the axles, the power passes from the bevel pinion to the bevel gear and is sent at right 
angles. At the same time, the speed is reduced and passes through the both differentials to the axle 
shafts. The power of the axle shafts is further reduced by planetary-gear-type final drives and is sent 
to the wheels.

  FRONT AXLEFRONT AXLE

REAR AXLEREAR AXLE

1)1)

2)2)

Grease nipple

Breather Service brake port

Grease nipple

VIEW   X

X

Oil drain Oil filler/level

Oil drain Oil change/level
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2. 2. SECTION OF DIFFERENTIALSECTION OF DIFFERENTIAL

 11 Bevel gear set
 12 Bolt
 14 Taper roller bearing
 15 Differential carrier
 16 Friction washer
 17 Differential side gear
 18 Differential pinion
 19 Friction gear
 20 Pin
 21 Dowel
 22 Pin
 23 Shaft retainer

 24 Differential side gear
 25 Detend ball
 26 Circlip
 27 Clutch disc
 29 Circlip
 30 Bearing
 31 Clutch disc
 32 Bushing
 33 Circlip
 34 Spacer
 35 Bearing
 37 Circlip

14

19

12 15 16 17 20 22 24 25 33 34 35 30 29 37

18 21 23 32 26 27 31
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3. DIFFERENTIAL3. DIFFERENTIAL

The differential is installed on the front and rear axle to transfer the driving torque from the axle to 
the wheels. The differential transfers half of the output torque of the transmission via the universal 
drive shaft to the planetary gear of the wheel hubs and transfers the rpm and torque from the gear 
via the pinion and the ring.

In addition, the differential also servers as an equalizer when going around curves. If the 
mechanical connection from the transmission to the universal drive shaft, differential, shaft, and 
planetary gears to the wheels would be rigid, every steering movement would strain the axle 
construction and would result in increased tire wear.

The equalizing function comes from the special construction of the differential. The power input 
from the input flange to the pinion shaft, ring and differential housing to the equalizing axle in the 
differential housing meshes the four equalizing tapered gears with the axle gears, which are 
located in the equalizing axles. This changes the relative direction of rotation between the shafts 
meshed with the side gears. This means that one shaft turns clockwise and the other 
counterclockwise, and one shaft turns faster than the other.

This balancing movement has the disadvantage that when traveling off road, traction is reduced on 
uneven ground, on loose ground or on snow or ice only wheel per axle is engaged.   This 
disadvantage can be corrected in part by installing a self locking differential.

Front
propeller shaft

Rear
propeller shaft

Gear box

Rear axle

Front axle

Differential gear

Differential gear



2-42

4. 4. FINAL DRIVEFINAL DRIVE

FRONT AXLEFRONT AXLE1)1)

3 21

 1 Universal joint

To gain a large drive force, the final drive uses a planetary gear system to reduce the speed and 
send drive force to the tires.

The power transmitted from the differential through universal joint (1) to pinion gear (2). 
The pinion gear rotates around the inside of a fixed ring gear (3) and in this way transmits rotation 
at a reduced speed to the planetary carrier. 
This power is then sent to the wheels which are installed to the planetary carriers.

 2 Pinion gear  3 Ring gear

(1)

(2)
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REAR AXLEREAR AXLE2)2)

3 21

 1 Axle half shaft

To gain a large drive force, the final drive uses a planetary gear system to reduce the speed and 
send drive force to the tires.

The power transmitted from the differential through axle half shaft (1) to pinion gear (2). The 
pinion gear rotates around the inside of a fixed ring gear (3) and in this way transmits rotation at a 
reduced speed to the planetary carrier. 
This power is then sent to the wheels which are installed to the planetary carriers.

 2 Pinion gear  3 Ring gear

(1)

(2)
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5. 5. TIRE AND WHEELTIRE AND WHEEL

 1 Wheel rim
 2 Tire

The tire acts to absorb the shock from the ground surface to the machine, and at the same time 
they must rotate in contact with the ground to gain the power which drives the machine.

Various types of tires are available to suit the purpose. Therefore it is very important to select the 
correct tires for the type of work and bucket capacity.

 3 Flap
 4  Tube

 5 Stone resister ring
 6 Valve assembly

1)

2)

5

2

4

3

6

1
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The main hydraulic circuit consists of suction circuit, delivery circuit, return circuit and drain circuit.
The hydraulic system consists of one main pump, one control valve, one swing motor, four cylinders 
and two travel motors.
The swash plate type variable displacement axial piston pump is used as the main pump and is 
driven by the engine at ratio 1.0 of engine speed.

1. SUCTION AND DELIVERY CIRCUIT1. SUCTION AND DELIVERY CIRCUIT

To cylinders To motors

To hydraulic oil tank

Hydraulic oil tank

Main control valve

Main pump

GROUP  2  MAIN CIRCUITGROUP  2  MAIN CIRCUIT

The pumps receive oil from the hydraulic tank through a suction filter.   The discharged oil from the 
pump flows into the control valve and goes out the tank ports.
The oil discharged from the main pump flows to the actuators through the control valve.
The control valve controls the hydraulic functions.
The return oil from the actuators flows to the hydraulic tank through the control valve and the oil cooler.

To oil cooler

Suction filter
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All oil returned from each actuator returns to the hydraulic tank through the control valve.
The bypass check valves are provided in the return circuit.
The setting pressure of bypass check valves are 1.5 kgf/cm2 (21 psi) and 3.0 kgf/cm2 (43 psi).   Usually, oil 
returns to the hydraulic tank from the left side of control valve through oil cooler.
When oil temperature is low, viscosity becomes higher and flow resistance increases when passing 
through the oil cooler.   When the oil pressure exceeds 3.0 kgf/cm2 (43 psi), the oil returns directly to the 
hydraulic tank, resulting in the oil temperature being raised quickly at an appropriate level.
When the oil cooler is clogged, the oil returns directly to the hydraulic tank through bypass check valve (1).
The full-flow filter and bypass relief valve are provided in the hydraulic tank.
The oil returned from right and left side of control valve is combined and filtered by the full-flow filter.   A 
bypass relief valve is provided in the full-flow filter.
When the filter element is clogged, the bypass relief valve opens at 1.5 kgf/cm2 (21 psi) differential 
pressure.

2. RETURN CIRCUIT2. RETURN CIRCUIT

Full flow filter Oil cooler Check valve (2)
1.5 kgf/cm2

Main control valve Actuators

Check valve (1)
3.0 kgf/cm2

Bypass relief valve
1.5 kgf/cm2
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3. DRAIN CIRCUIT3. DRAIN CIRCUIT

Besides internal leaks from the motors and main pump, the oil for lubrication circulates.   

TRAVEL MOTOR DRAIN CIRCUITTRAVEL MOTOR DRAIN CIRCUIT
Oil leaked from the right and left travel motors comes out of the drain ports provided in the 
respective motor casing and join with each other.  These oils pass through the turning joint and 
return to the hydraulic tank after being filtered by return filter.

SWING MOTOR DRAIN CIRCUITSWING MOTOR DRAIN CIRCUIT
Oil leaked from the swing motor returns to the hydraulic tank passing through a return filter with oil 
drained from the travel circuit.

1)1)

2)2)

T3 ~ T7

Travel motor Swing motor

Turning
joint

Return line

Hydraulic
oil tank

Return filter
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The pilot circuit consists of suction circuit, delivery circuit and return circuit.
The pilot pump is provided with relief valve, receives the oil from the hydraulic tank through the suction 
filter.
The discharged oil from the pilot pump flows to the remote control valve through line filter, solenoid 
valve assemblies, swing parking brake, main control valve and safety lock solenoid valve.

GROUP  3  PILOT CIRCUIT

35kgf/cm2
Relief valve

Remote control valve
(LH lever)

Remote control valve
(RH lever)

Safety lock
solenoid valve Swing parking brake

Main pump

Suction filter

Control valve

Line filter

Breaker solenoid valve

Travel speed solenoid valve

Dozer lever

Ramlock solenoid valve

Pilot supply valve
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SECTION  4  ELECTRICAL SYSTEMSECTION  4  ELECTRICAL SYSTEM
GROUP  1  COMPONENT LOCATIONGROUP  1  COMPONENT LOCATION

1. LOCATION 11. LOCATION 1

Switch
panel 1

12

1

2
3
4
5
6

11

13

7

8

9

15

16
17
18

19

20

21

Switch

Switch
panel 2

10

14

 1 Head light switch
 2 Work light switch
 3 Travel alarm switch
 4 Cab light switch
 5 Beacon switch
 6 Breaker selection switch
 7 Start switch
 8 Breaker operation switch
 9 Accel dial switch

 10 Cluster
 11 Hazard switch
 12 Select switch
 13 Multifunction switch (RH)
 14    Auto Ram Lock switch
 15 Master switch
 16 Fuse box
 17 Speaker
 18 Radio

 

&

 

USB player

 19 Horn switch
     20 Aircon and heater switch
 21 Multifunction switch (LH)
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2

 

LOCATION

 

22. LOCATION 2

 1 Horn
 2 Head lamp
 3 Battery 

 4 Battery
 5 Combination  8 Washer pump

 7 Fuel sender

6 Travel alarm buzzer 

1

2 3

4
5

6

7

8

relay

lamp
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GROUP  2  MONITORING SYSTEM GROUP  2  MONITORING SYSTEM

1. OUTLINE1. OUTLINE
Monitoring system consists of the monitor part and switch part.
The monitor part gives warnings when any abnormality occurs in the machine and informs the 
condition of the machine.
Various select switches are built into the monitor panel, which act as the control portion of the 
machine control system.

2. CLUSTER2. CLUSTER

MONITOR PANELMONITOR PANEL1)1)

Time dispaly

Gauge(See page 4-4)

Pilot lamps

Switches

Main menu(See page 4-16)

(See page 4-11)

(See page 4-14)

Warning lamps
(See page 4-6)

Pilot lamps
(See page 4-11)

1
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3. CLUSTER FUNCTION3. CLUSTER FUNCTION

GAUGES AND DISPLAYSGAUGES AND DISPLAYS1)1)

This gauge indicates the temperature of hydraulic oil.
·Black range  :  40-105˚C (104-221˚F)
·Red range     :  Above 105˚C (221˚F)
If the indicator is in the red range or       lamp lights ON in red, 
reduce the load on the system. If the gauge stays in the red 
range, stop the machine and check the cause of the problem.
If the gauge indicates the red range orIf the gauge indicates the red range or       lamp lights ON in lamp lights ON in 
red even though the machine is on the normal condition, check red even though the machine is on the normal condition, check 
the electric device as that can be caused by the poor the electric device as that can be caused by the poor 
connection of electricity or sensor.connection of electricity or sensor.

Hydraulic oil temperature gaugeHydraulic oil temperature gauge

Engine coolant temperature gaugeEngine coolant temperature gauge

①

②

※

This gauge indicates the temperature of coolant.
·Black range  :  40-115˚C   (104-239˚F)
·Red range     :  Above 115˚C  (239˚F)
If the indicator is in the red range or         lamp lights ON in red, 
turn OFF the engine and check the engine cooling system.
If the gauge indicates the red range or If the gauge indicates the red range or       lamp lights ON in lamp lights ON in 
red even though the machine is on the normal condition, check red even though the machine is on the normal condition, check 
the electric device as that can be caused by the poor the electric device as that can be caused by the poor 
connection of electricity or sensor.connection of electricity or sensor.

①

②

※

(3)(3)

(2)(2)

5

4

1 2

3

Operation screenOperation screen

    When you first turn starting switch ON, the operation screen will appear. 

Operation screen type can be set by the screen type menu of the display.Operation screen type can be set by the screen type menu of the display.

Refer to page 4-22 for details. Refer to page 4-22 for details. 

(1)(1)

※

Default (A type)

1 2

5

3

4

Option (B type)

3

1
2
4

5

Option (C type)

 1  Engine coolant temp gauge

 2  Hydraulic oil temp gauge

 3  Fuel level gauge

 4  Engine rpm

 5  Accel dial
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This gauge indicates the amount of fuel in the fuel tank.
Fill the fuel when the red range, or           lamp lights ON in red.
If the gauge indicates the red range or If the gauge indicates the red range or       lamp lights ON in lamp lights ON in 
red even though the machine is on the normal condition, check red even though the machine is on the normal condition, check 
the electric device as that can be caused by the poor the electric device as that can be caused by the poor 
connection of electricity or sensor.connection of electricity or sensor.

Fuel level gaugeFuel level gauge

①
②
※

(4)(4)

This displays the engine speed.①

Engine rpm displayEngine rpm display(5)(5)

This displays acceleration dial level from 0 to 10 step.①

Accel dial displayAccel dial display(6)(6)

COMMUNICATION ERROR AND LOW VOLTAGE WARNING POP-UPCOMMUNICATION ERROR AND LOW VOLTAGE WARNING POP-UP3)3)

Communication error pop-upCommunication error pop-up(1)(1)

Cluster displays this communication error pop-up when it has 
communication error with MCU.
Communication error pop-up displays at operation screen only.
Just buzzer alarm at the other screen.
If communication with MCU become normal state, it will 
disappear automatically.

①

②

③

Low voltage warning pop-upLow voltage warning pop-up(2)(2)

Cluster displays this low voltage warning pop-up when the 
battery voltage is low.
Low voltage warning pop-up displays at operation screen only.
Just buzzer alarm at the other screen.
This pop-up will disappear with using touch screen or buzzer 
stop switch. While the battery voltage is low, buzzer sounds  
every minute.
When the battery voltage is higher than 11.5 V, the pop-up off.

①

②

③

④
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Fuel level warning lampFuel level warning lamp

Hydraulic oil temperature warning lampHydraulic oil temperature warning lamp

This warning lamp lights ON and the buzzer sounds when the 
level of fuel is below 10%.
Fill the fuel immediately when the lamp is ON.

① 

②

(3)(3)

(2)(2)

The      lamp pops up on the center of LCD and the buzzer 
sounds when the hydraulic oil temperature is over 105˚C.
The pop-up      lamp  moves to the original position and lights 
ON  when the buzzer stop switch is pushed or pop-up is 
touched. Also, the buzzer stops and         lamp keeps ON.
Check the hydraulic oil level and hydraulic oil cooling system.

① 

②

③

WARNING LAMPSWARNING LAMPS4)4)

The      lamp pops up on the center of LCD and the buzzer 
sounds when the engine coolant temperature is over 115˚C.
The pop-up      lamp moves to the original position and lights ON 
when the buzzer stop switch is pushed or pop-up is touched. 
Also, the buzzer stops and        lamp keeps ON.
Check the cooling system when the lamp keeps ON.

Battery charging warning lamp
Emergency warning lamp

Fuel level warning lamp
Engine coolant temp warning lamp Hyd oil temp warning lamp

Brake oil pressure warning lamp

Overload warning lamp
Air cleaner warning lamp
Engine stop warning lamp
Check engine warning lamp
Engine oil pressure warning lamp

Engine coolant temperature warning lampEngine coolant temperature warning lamp

① 

②

③

(1)(1)

Each warning lamp on the left-top of the LCD pops up on the center of LCD and the buzzer Each warning lamp on the left-top of the LCD pops up on the center of LCD and the buzzer 
sounds when the each warning is happened. The pop-up warning lamp moves to the original sounds when the each warning is happened. The pop-up warning lamp moves to the original 
position and lights ON when the buzzer stop switch is pushed or the pop-up is touched. And the position and lights ON when the buzzer stop switch is pushed or the pop-up is touched. And the 
buzzer stops. Refer to page 4-14 for the switch.buzzer stops. Refer to page 4-14 for the switch.
When the warning lamps light ON more than 4, you can check all lamps with next page buttonWhen the warning lamps light ON more than 4, you can check all lamps with next page button

        (         ) near the warning lamps.(         ) near the warning lamps.

※

※
,
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This lamp pops up and the buzzer sounds when each of the 
below warnings are happened.

Engine coolant overheating (over 115˚C)
Hydraulic oil overheating (over 105˚C)
MCU input voltage abnormal
Accel dial circuit abnormal or open

The pop-up warning lamp moves to the original position and The pop-up warning lamp moves to the original position and 
lights ON when the buzzer stop switch is pushed or pop-up is lights ON when the buzzer stop switch is pushed or pop-up is 
touched. Also the buzzer stops.touched. Also the buzzer stops.
This is same as following warning lamps.This is same as following warning lamps.
When this warning lamp lights ON, machine must be checked 
and serviced immediately.

① 

※

②

Emergency warning lampEmergency warning lamp

21093CD30

(4)(4)

-
-
-
-

This lamp lights ON when the battery charging voltage is low.
Check the battery charging circuit when this lamp is ON.

Battery charging warning lampBattery charging warning lamp

①
②

21093CD34

(7)(7)

This lamp lights ON when the communication between 
MCU and engine ECM on the engine is abnormal, or if the 
cluster received any fault code from engine ECM.
Check the communication line between them.
If the communication line is OK, then check the fault codes on 
the cluster.

①

②

Check engine warning lampCheck engine warning lamp(6)(6)

This lamp lights ON when the engine oil pressure is low.
If the lamp lights ON, shut OFF the engine immediately.  
Check oil level.

Engine oil pressure warning lampEngine oil pressure warning lamp

①
②

21093CD32

(5)(5)

This lamp lights ON when the filter of air cleaner is clogged.
Check the filter and clean or replace it.

Air cleaner warning lampAir cleaner warning lamp

①
②

(8)(8)
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When the machine is overload, the overload warning lamp 
lights ON during the overload switch is ON. (if equipped)
Reduce the machine load.
Initiate a manual regeneration

①

②

Overload warning lampOverload warning lamp (opt)(9)(9)

If the lamp lights ON, stop the engine immediately and check 
the engine.
Check the fault codes on the monitor.
Please contact your Hyundai service center or local dealer.Please contact your Hyundai service center or local dealer.

①

②
※

Stop engine warning lamp Stop engine warning lamp (10)(10)

Brake oil pressure warning lampBrake oil pressure warning lamp(11)(11)

The lamp lights ON when the oil pressure of service brake 
drops below the normal range.
When the lamp is ON, stop the engine and check for its cause.
Do not operate until any problems are corrected.Do not operate until any problems are corrected.

①

②
※



4-9

PILOT LAMPSPILOT LAMPS5)5)

Parking brake pilot lamp

Travel speed pilot lamp
Auto idle mode pilot lamp
Auto idle status pilot lampWarming up pilot lamp

Power mode pilot lamp

High beam pilot lamp
Boom swing pilot lamp

1

Maintenance pilot lampMaintenance pilot lamp
Fuel warmer pilot lamp
Preheat pilot lamp

Ram lock pilot lamp

Cruise pilot lamp (null)

Mode pilot lampsMode pilot lamps(1)(1)

No Mode Pilot lamp Selected mode

1 Power mode
Heavy duty power work mode

Standard power mode

2 Travel mode
Low speed traveling

High speed traveling

3 Auto idle mode
Auto idle status

Auto idle mode

Turning the start key switch ON position starts preheating in 
cold weather.
Start the engine after this lamp is OFF.

Preheat pilot lampPreheat pilot lamp

①

②

(2)(2)

This lamp is turned ON when the coolant temperature is 
below 30˚C (86˚F   ).
The automatic warming up is cancelled when the engine 
coolant temperature is above 30˚C, or when 10 minutes have 
passed since starting the engine.

Warming up pilot lampWarming up pilot lamp

①

②

(3)(3)

When the pilot lamps light ON more than 3, you can check all lamps with next page button      When the pilot lamps light ON more than 3, you can check all lamps with next page button      
    (        ).(        ).
※

,
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The auto idle pilot lamp will be ON when the idle mode is 
selected.
The auto idle status pilot lamp will be ON when all levers and 
pedals are at neutral position, and the auto idle mode is 
selected.

①

②

Auto idle status/ mode pilot lampAuto idle status/ mode pilot lamp

This lamp will be ON when the consuming parts are needed to 
change or replace. It means that the change or replacement 
interval of the consuming parts remains below 30 hours.
Check the message in maintenance information of main menu.
Also, this lamp lights ON for 3 minutes when the start switch is 
ON position.
Refer to the page 4-20.Refer to the page 4-20.

①

②

※

Maintenance pilot lampMaintenance pilot lamp

(4)(4)

(5)(5)

This lamp works when the illuminating direction is upward.
This lamp comes ON when the dimmer switch is operated, e.g, 
when passing another vehicle.

①
②

High beam pilot lampHigh beam pilot lamp(6)(6)

When the parking brake is actuated, the lamp lights ON.
Check the lamp is OFF before driving.Check the lamp is OFF before driving.

①

※

Parking brake pilot lampParking brake pilot lamp(7)(7)

AUTO

n/min
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This pilot lamp lights ON when ram lock switch is rear position.
Also, the pilot lamp lights ON when the parking switch is ON or 
service brake is applied.

①

②

Ram lock pilot lampRam lock pilot lamp(8)(8)
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SWITCHESSWITCHES

Power mode switch
Rear camera(option)

Auto idle/Buzzer stop switchTravel speed switch

Escape(previous or parent menu)

Main menu quick
touch switch

Select switch

Power mode pilot lamp Travel speed pilot lamp

Auto idle pilot lamp

6)6)

When the switches are selected, the pilot lamps are displayed on the LCD. Refer to the page 4-11 When the switches are selected, the pilot lamps are displayed on the LCD. Refer to the page 4-11 
for details.for details.

※

This switch is to select the machine power mode and selected 
power mode pilot lamp is displayed on the pilot lamp position.
·P : Heavy duty power work.
·S : Standard power work.
The pilot lamp changes  S → P → S in order.

Power mode switchPower mode switch

①

②

(1)(1)

Select switchSelect switch(2)(2)

This switch is used to select or change the menu and input 
value.
Knob push 
·Long (over 2 sec)      : Return to the operation screen
·Medium (0.5~2 sec) : Return to the previous screen
·Short (below 0.5 sec)  : Select menu
Knob rotation
This knob changes menu and input value.
·Right turning : Down direction / Increase input value
·Left turning : Up direction / Decreased input value

①

②

③
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This  switch is used to select the travel speed alternatively.
·           : Low speed
·           : High speed

Travel speed control switchTravel speed control switch

①

(4)(4)

This switch is used to activate or cancel the auto idle function. 
Refer to the page 4-12 for details.Refer to the page 4-12 for details.
The buzzer sounds when the machine has a problem.
In this case, push this switch and buzzer stops, but the warning 
lamp blinks until the problem is cleared.

Auto idle/ buzzer stop switchAuto idle/ buzzer stop switch

①
※
②

(3)(3)

This switch is used to return to the previous menu or parent 
menu.
In the operation screen, pushing this switch will display the 
view of the camera on the machine (if equipped).
Please refer to page 4-24 for the camera.
If the camera is not installed, this switch is used only ESC 
function.

Escape/ Camera switchEscape/ Camera switch

①

②

③

(5)(5)
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MAIN MENUMAIN MENU

Operation screenOperation screen

7)7)

·

Please refer to select switch, page 4-14 for selection and change of menu and input value.Please refer to select switch, page 4-14 for selection and change of menu and input value.※

Press

Main menu screenMain menu screen Sub menu screenSub menu screenTap

Press

StructureStructure(1)(1)

No Main menu Sub menu Description

1

Active fault - Machine
Active fault - Engine
Logged fault - Machine
Logged fault - Engine
Monitoring (Analog)
Monitoring (Digital) - Input
Monitoring (Digital) - Output

MCU
ECU
MCU
ECU
Machine information
Switch status
Output status

2

ESL mode setting
Change password
Maintenance information
Machine Information
A/S phone number
Service menu

ESL mode setting
Password change
Replacement, Change interval oils and fi lters
Cluster, MCU, Engine, Machine
A/S phone number, A/S phone number change 
Delete logged faults, Software download,
Operating hour, power shift

3

Clock 
Screen type
Brightness setting
Unit setting 
Language
Calibration

Clock  
A type, B type, C type
Manual, Auto
Temperature, Pressure
12 language
Calibrating the touch screen

4

Camera setting
Mode
Video

Number of active, Display order, Camera No. 
Operation mode select
Play music and video fi le

H

C

H

C

FE

55I3CD51A

55I3CD51B

55I3CD51C

Monitoring

 Management

Display

Utilities
55I3CD51D

or
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Monitoring Monitoring 

Active fault - MachineActive fault - Machine

(2)(2)

①

The active faults of the MCU can be checked by this menu.·

Active fault - EngineActive fault - Engine②

The active faults of engine ECU can be checked by this menu.·

Logged fault - Machine/ EngineLogged fault - Machine/ Engine③

The logged faults of the MCU or engine ECU can be checked by this menu.
Only for the service person.

·
·

Monitoring Monitoring (Analog)④

The machine status such as the engine rpm, oil temperature, voltage and pressure etc. can 
be checked by this menu.

·
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MonitoringMonitoring (Digital) - InputInput⑤

The switch status can be confi rmed by this menu.
The activated switchs are blue light ON.

·
·

MonitoringMonitoring (Digital) - OutputOutput⑥

The output status can be confi rmed by this menu.
The output pilot lamps are blue light ON.

·
·
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Change passwordChange password
The password is 5~10 digits.

ManagementManagement

ESL mode settingESL mode setting

(3)(3)

①

ESL mode settingESL mode setting
ESL : Engine Starting Limit
ESL mode is desingned to be a theft deterrent or will prevent the unauthorized operation of 
the machine.
If the ESL mode was selected Enable, the password will be required when the start switch is 
turned ON.
DisableDisable : Not used ESL function
Enable (always)Enable (always) : The password is required whenever the operator starts engine.
Enable (Interval)Enable (Interval) :  The password is required when the operator starts engine fi rst. 

But the operator can restart the engine within the interval time without in-
putting the password.
The interval time can be set maximum 2 days.

※Default password : 00000Default password : 00000
※Password length  : 5~10 digitPassword length  : 5~10 digit

·
-
-

-

-

Enter the current password Enter the new password

Enter the new password againThe new password is stored in the MCU.

-
②
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Elapse : Maintenance elapsed time.
Interval : The change or replace interval can be changed in the unit of 50 hours.
History-Hour : Maintenance replacement history.
Replacement  : The elapsed time will be reset to zero (0).
Change or relpace intervalChange or relpace interval

·
·
·
·
·

No Item Interval

1 Engine oil 500
2 Final gear oil 1000
3 Swing gear oil 1000
4 Hydraulic oil                                 2000
5 Pilot line fi lter 1000
6 Hydraulic oil return fi lter 1000
7 Engine oil fi lter 500
8 Fuel fi lter 500
9 Pre-fi lter 500
10 Hydraulic tank breather               1000
11 Air cleaner 500
12 Radiator coolant 2000
13 Swing gear pinion grease 1000

Maintenance informationMaintenance information③

Machine InformationMachine Information④

This can confi rm the identifi cation of the cluster, MCU, engine and machine.·
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A/S phone numberA/S phone number⑤

The A/S phone number can be checked and changed.·

Service menuService menu⑥

Delete logged fault : Logged faults of MCU or engine ECU can be deleted.
S/W download : Update and display software about operating system, application, image 
and font.
Operating hours : Operating hours since the machine line out can be checked.
Power shift : Set power shift mode (standard/option) 

·
·

·
·

Enter the password

DisplayDisplay

ClockClock 

(4)(4)

①

The fi rst line's three spots "****-**-**" represent Year/Month/Day each.
The second line shows the current time. (AM, PM/0:00~12:59)

·
·
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The screen type (A,B,C) of the LCD can be selected by this menu.·

Screen typeScreen type②

Brightness setting calibrationBrightness setting calibration③

Auto (day/night)

If "Auto" is chosen, brightness for day and night can be differently set up. Also, users can de-
fi ne which day time interval. (Set day starting time and ending time)

·

Manual (1st~10th step)

Auto (time)

Unit settingUnit setting④

Temperature  : ˚C ↔ ˚F
Pressure       : bar ↔ MPa ↔ kgf/cm2 ↔psi

·
·
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LanguageLanguage⑤

User can select preferable language and all displays are changed the selected language.·

When touch awareness goes wrong, this function use.
Fall in the next step if touches the middle point of cross with fi ngernail.
If touches total fi ve points as follows, the setting is completed.

·

CalibrationCalibration⑥
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UtilitiesUtilities(5)(5)

ModeMode②

When this cluster's buttons are not work, you can control using touch screen instead of 
these buttons.
You can only control in this mode screen.

·

·

Camera settingCamera setting①

In the operation screen, if the ESC/CAM switch is pushed, rear view camera display or stop.
Turnning the select switch in clockwise direction, the next ordered will be shown and in counter-
clockwise direction, the previously ordered will be shown. Also, you can change camera 
channel using touch the screen.
Push the select switch or touch the screen, the displayed screen will be enlargement.

·
·

·

Three cameras can be installed on the machine and the display order can be set by this 
menu.

 If the camera was not equipped, this menu is not useful.

·

·
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VideoVideo③

Play MP4 or codec fi le of external hard disk through USB port.
The USB port is located under the cluster.

·
·

1

2

3

4
5
6

7

89 10

11

Touch Press

or

Over 1100 engine rpm, the screen turns into the operation screen with MP4 or codec fi le 
playing for the safety. 

·

No. Function Control No. Function Control

1 Previous track
Power mode switch or 

touch
7 Sound volume Speed switch or touch

2 Next track Speed switch or touch 8 Stop ESC/CAM button or touch

3 Play Touch 9 File name -

4 Pause Touch 10
Current time/ 

Total time
-

5 Contents display Touch 11
Current playing 

time
-

6 Mute Touch - - -
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8. SWITCHES8. SWITCHES

Accel dial switch

Breaker operation switch

Switch

Horn switch

Master switch

Multifunction switch(RH)

Switch
panel 2

Hazard switch

Multifunction switch(LH)

Travel alarm switch

Breaker selection switch

Head light switch

Start switch

Cab light switch

Beacon switch

Work light switch

Switch
panel 1

Select switch
(Parking/working/traveling)

Auto Ram lock switch

STARTING SWITCHSTARTING SWITCH

There are three positions, OFF, ON and START.
·    (OFF) : None of electrical circuits activate.
·    (ON) : All the systems of machine operate.
·    (START) :  Use when starting the engine.   
   Release key immediately after starting.
Key must be in the ON position with engine running to maintain Key must be in the ON position with engine running to maintain 
electrical and hydraulic function and prevent serious machine electrical and hydraulic function and prevent serious machine 
damage.damage.

(1)

※

1)1)
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This switch is used to operate the head light.
·Press the switch once, the head light comes ON and the pilot lamp
   ON.
·Press the switch once more, the head light and pilot lamp turn off.

(1)

HEAD LIGHT SWITCHHEAD LIGHT SWITCH3)3)

This switch is used to operate the work light.
·Press the switch once, the work light comes ON and the pilot lamp
   ON.
·Press the switch once more, the work light and pilot lamp turn off.

(1)

WORK LIGHTWORK LIGHT4)4)

There are 10 dial setting.
Setting 1 is low idle and setting 10 is high idle.
·By rotating the accel dial to right : Engine speed increased.
·By rotating the accel dial to left : Engine speed decreased.

Increase

Decrease

(1)
(2)

ACCEL DIALACCEL DIAL2)2)

This switch is used to alarm surroundings when the machine travels 
to forward and backward.

On pressing this switch, the alarm operates only when the machine 
is traveling.

(1)

(2)

TRAVEL ALARM SWITCHTRAVEL ALARM SWITCH 5)5)

This switch turns on the cab light on the cab.(1)

CAB LIGHT SWITCHCAB LIGHT SWITCH6)6)

CAB
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This switch is used to operate breaker.

The breaker operates only when this switch is pressed.The breaker operates only when this switch is pressed.

(1)

※

BREAKER SELECTION SWITCHBREAKER SELECTION SWITCH (option)8)8)

This switch turns ON the rotary light on the cab.

The below indicator lamp is turned ON when operating this switch.

(1)

(2)

BEACON SWITCHBEACON SWITCH (option)7)7)

AUTOAUTO RAM LOCK SWITCH  RAM LOCK SWITCH 
This switch activate front axle oscillation cylinder to locking position 
for increase of stability.
·ON      :  Set front axle to locking position for excavation work or 

travels even ground. Also, the ram lock pilot lamp comes 
ON at the travel pilot lamp.

·AUTO : Set front axle to locking or unlocking as table.

9)
(1)

Select switch 
(parking/working/ 

traveling)
Ram lock Conditions

Parking (P) Locking · Always

Traveling (T) Unlocking · Always

Working (W)

Locking
·
·

FNR lever in neutral position
Service brake pedal is depressed.

Unlocking

·

·

FNR lever in forward/reverse position and 
service brake pedal is not depressed.
2 way pedal is equipped and service brake 
pedal is not depressed.
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This switch is at the top of left side control lever.
On pressing, the horn sounds.

(1)

 

HORN SWITCHHORN SWITCH

Horn switch

LH RCV lever

This switch is used to shut off the entire electrical system.

 I  : The battery remains connected to the electrical system.
O : The battery is disconnected to the electrical system.

Never turn the master switch to Never turn the master switch to O O (OFF) with the engine running.   It (OFF) with the engine running.   It 
could result in engine and electrical system damage.could result in engine and electrical system damage.

OFF

(1)

(2)

※

MASTER SWITCHMASTER SWITCH10)

On pressing this switch, the breaker operates only when the breaker 
selection switch on the switch panel is selected.

(1)

BREAKER OPERATION SWITCHBREAKER OPERATION SWITCH

Breaker
operation switch

RH RCV lever

This lever changes travel direction of machine.
·FF : Machine moves forward
·NN : Neutral position
·RR : Machine moves backward
Travel direction will be reversed if lower structure is positioned with Travel direction will be reversed if lower structure is positioned with 
dozer in front.dozer in front.
The warning buzzer sounds when the lever is in the reverse position.
If this lever is not in the neutral position, engine does not started. If this lever is not in the neutral position, engine does not started. 
Be sure to stop the machine when changing the direction forward or Be sure to stop the machine when changing the direction forward or 
backward while traveling.backward while traveling.

II

IN

F

R

Forward

Reverse

RH MULTI FUNCTION SWITCHRH MULTI FUNCTION SWITCH

FNR leverFNR lever(1)(1)

①

②

11)

12)

13)
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This switch is for selecting travelling speed between high and low.
·Low speed (    )  : 11.3 km/hr (7.0 mph), turtle mark
·High speed (    ) : 30 km/hr (19.0 mph), rabbit mark
In case of changing the travel speed, be sure to stop the machine In case of changing the travel speed, be sure to stop the machine 
completely.completely.

N

F

R

High speed

Low speed

I

II

Travel speed switchTravel speed switch(2)(2)

①
I

II

When the switch is in J position, the wiper moves intermittently.

When placed in I or II position, the wiper moves continuously.
J  O  I  II

J
OIII

①

②

WIPER SWITCHWIPER SWITCH(3)(3)

This switch is used to warn or signal the turning direction of the 
machine to other machines or equipment.
Push the lever to forward for turning right (   ), pull the lever to 
backward for turning left (    ).
The turning pilot lamp comes ON at the travel pilot lamp on the 
steering column.

Right turning

Left turning

J
OIII

LH MULTI FUNCTION SWITCHLH MULTI FUNCTION SWITCH

Direction indication lamp switchDirection indication lamp switch(1)(1)

①

②

③

This switch is used to turn the head lights direction.

Switch positions.
·Up (         )       : To flash for passing
·Middle (        )  : Head lights low beam ON
·Down (        )   : Head lights high beam ON
If you release the switch when it’s in up position, the switch will return 
to middle.

Up

Down

M

J
OIII

Dimmer switchDimmer switch(2)(2)

①

②

③

14)
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HORN SWITCHHORN SWITCH

This switch is at the end of left side multifunction switch. On pressing, 
the horn sounds.

J
OIII

Horn switch

①

WASHER SWITCHWASHER SWITCH

If you push the grip of the lever, washer liquid will be sprayed and the 
wiper will be activated 2-3 times.
Check the quantity of washer liquid in the tank. If the level of the Check the quantity of washer liquid in the tank. If the level of the 
washer liquid is LOW, add the washer liquid ( in cold, winter days) or washer liquid is LOW, add the washer liquid ( in cold, winter days) or 
water. The capacity of tank is 1.5 liter.water. The capacity of tank is 1.5 liter.

Washer switch
J

OIII

①

※

(4)(4)

(5)(5)

P

W

T

Use for parking, or roading machine.

LH and RH turn signal lamps come ON at the same time by this 
switch.
If the switch is left ON for a long time, the battery may be discharged.If the switch is left ON for a long time, the battery may be discharged.

HAZARD SWITCHHAZARD SWITCH

(1)

(2)
 
※

This switch is used to select the operation mode as below.
·Parking (     ) : The parking brake is applied.
·Working (W) : The machine needs to be working.
·Traveling (T)  : The machine needs to be traveling.

SELECT SWITCH SELECT SWITCH (parking / working / traveling)

(1)

 

P

15)

16)
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This lamp flashes with sound when the LH multifunction switch is 
move to backward position.

TURNING PILOT LAMPTURNING PILOT LAMP

Left turning pilot lampLeft turning pilot lamp

(1)

(1)(1)

This lamp flashes with sound when the LH multifunction switch is 
move to forward position.

①

Right turning pilot lampRight turning pilot lamp(2)(2)

17)
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GROUP  5  FAULT CODES
 1. MACHINE FAULT CODE  1. MACHINE FAULT CODE 

Fault code
Description

HCESPN FMI

101
3

Hydraulic oil temperature sensor circuit - voltage above normal or shorted to high source (or 
open circuit)

4 Hydraulic oil temperature sensor circuit - voltage below normal or shorted to low source

105

0 Working pressure sensor data above normal range (or open circuit)

1 Working pressure sensor data below normal range

2 Working pressure sensor data error

4 Working pressure sensor circuit - voltage below normal, or shorted to low source

108

0 Travel oil pressure sensor data above normal range (or open circuit)

1 Travel oil pressure sensor data below normal range

2 Travel oil pressure sensor data error

4 Travel oil pressure sensor circuit - voltage below normal or shorted to low source

122

0 Overload pressure sensor data above normal range (or open circuit)

1 Overload pressure sensor data below normal range

2 Overload pressure sensor data error

3 Overload pressure sensor circuit - voltage below normal or shorted to low source

301
3 Fuel level sensor circuit - voltage above normal or shorted to high source (or open circuit)

4 Fuel level sensor circuit - voltage below normal or shorted to low source

503

0 Brake pressure sensor data above normal range (or open circuit)

1 Brake pressure sensor data below normal range

2 Brake pressure sensor data error

4 Brake pressure sensor data - voltage below normal or shorted to low source

505

0 Working brake pressure sensor data above normal range (or open circuit)

1 Working brake pressure sensor data below normal range

2 Working brake pressure sensor data error

4 Working brake pressure sensor circuit - voltage below normal, or shorted to low source

530

0 Travel fwd pilot pressure sensor data above normal range (or open circuit)

1 Travel fwd pilot pressure sensor data below normal range

2 Travel fwd pilot pressure sensor data error

4 Travel fwd pilot pressure sensor circuit - voltage below normal, or shorted to low source

14 Travel fwd pilot pressure sensor circuit - special instructions

16 Travel fwd pilot pressure sensor circuit - voltage valid but above normal operational range

701 4 Hour meter circuit - voltage below normal, or shorted to low source

705
0 MCU input voltage high

1 MCU input voltage low

707 1 Alternator node I voltage low (or open circuit)

714
3 Acc. dial circuit - voltage above normal, or shorted to high source (or open circuit)

4 Acc. dial circuit - voltage below normal, or shorted to low source

840 2 Cluster communication data error

841 2 ECM communication data error

IDSP Water in fuel warning

Lo bat Low battery warning

GROUP  5  FAULT CODES
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Fault code Description

YANMAR SPN FMI Area Status

522400
2

Crankshaft speed sensor
Crankshaft signal error

5 No signal from crankshaft

522401

2

Camshaft speed sensor

Camshaft signal error

5 No signal from camshaft

7 Angle offset error

523249 5
Crankshaft speed sensor,
Camshaft speed sensor

Crankshaft/camshaft,  speed sensor non-input 
(simultaneous)

91
3

Accelerator sensor 1
Accelerator sensor 1 error (voltage high)

4 Accelerator sensor 1 error (voltage low)

28
3

Accelerator sensor 2
Accelerator sensor 2 error (voltage high)

4 Accelerator sensor 2 error (voltage low)

522624 7
Accelerator sensor 1 + 2

Dual accelerator sensor error (closed position)

522623 7 Dual accelerator sensor error (open position)

29

3
Accelerator sensor 3

Accelerator sensor 3 error (voltage high)

4 Accelerator sensor 3 error (voltage low)

8 Pulse sensor Pulse accelerator sensor error (pulse communication)

28
0

Accelerator sensor 3
Accelerator sensor 3 error (foot pedal in open position)

1 Accelerator sensor 3 error (foot pedal in closed position)

51
3

Intake throttle position sensor
Intake throttle position sensor error (voltage high)

4 Intake throttle position sensor error (voltage low)

102

3

EGR low pressure side pressure 
sensor

ERG low pressure side pressure sensor error (excessive 
sensor output)

4
ERG low pressure side pressure sensor error (insuffi cient 
sensor output)  

13
ERG low pressure side pressure sensor error (abnormal 
learning value)

10
ERG low pressure side pressure sensor error (detected 
value error)

1209

3

EGR pressure sensor
(high-pressure side)

ERG high pressure side pressure sensor error (excessive 
sensor output)

4
ERG high pressure side pressure sensor error (insuffi cient 
sensor output)  

13
ERG high pressure side pressure sensor error (abnormal 
learning value)

10
ERG high pressure side pressure sensor error (detected 
value error)

110

3

Engine coolant temperature 
sensor

Engine coolant temperature sensor error (excessive 
sensor output)

4
Engine coolant temperature sensor error (insufficient 
sensor output)

10
Engine coolant temperature sensor error (detected value 
error)

0 Engine coolant temperature high (overheat)

172
3

Ambient air temperature sensor
Ambient air temperature sensor error (voltage high)

4 Ambient air temperature sensor error (voltage low)

 2. ENGINE FAULT CODE  2. ENGINE FAULT CODE 
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Fault code Description

YANMAR SPN FMI Area Status

174

3

Fuel temperature sensor

Fuel temperature sensor error (voltage high)

4 Fuel temperature sensor error (voltage low)

0 Fuel temperature high

157
3

Rail pressure sensor
Rail pressure sensor error (voltage high)

4 Rail pressure sensor error (voltage low)

3251

3

DPF differential pressure sensor

DPF differential pressure sensor error (excessive sensor 
output)

4
DPF differential pressure sensor abnormal rise in 
differential pressure

0
DPF differential pressure sensor error abnormal rise in 
differential pressure

13
DPF differential pressure sensor error (abnormal learning 
value)

4795 31
DPF substrate/DPF differential 
pressure sensor

DPF substrate/DPF differential pressure sensor error 
(DPF substrate removal/DPF differential pressure sensor 
detected value error)

3609

3

DPF high pressure side pressure 
sensor

DPF high pressure side pressure sensor error (excessive 
sensor output)

4
DPF high pressure side pressure sensor error (insuffi cient 
sensor output)

10
DPF high pressure side pressure sensor error (detected 
value error)

3242

3

DPF intermediated temperature 
sensor

DPF inlet temperature sensor error (excessive sensor 
output)

4
DPF inlet temperature sensor error (insufficient sensor 
output)

10 DPF inlet temperature sensor error (detected value error)

0
DPF inlet temperature sensor abnormal temperature 
(abnormally high)

3250

3

DPF intermediate temperature 
sensor

DPF intermediate temperature sensor error (excessive 

4
DPF intermediate temperature sensor error (insufficient 
sensor output)

10
DPF intermediate temperature sensor error (detected 
value error)

1
DPF intermediate temperature sensor abnormal 
temperature (abnormally low)

108

3

Atmospheric pressure sensor

Atmospheric pressure sensor error (excessive sensor 
output)

4
Atmospheric pressure sensor error (insufficient sensor 
output)

10 Atmospheric pressure sensor error (characteristic error)

173

3

Exhaust manifold temperature 
sensor

Exhaust manifold temperature sensor error (excessive 
sensor output)

4
Exhaust manifold temperature sensor error (insufficient 
sensor output)

10
Exhaust manifold temperature sensor error (detected 
value error)

1485
7

Main relay
Main relay contact sticking

2 Main relay early opening
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Fault code Description

YANMAR SPN FMI Area Status

522243
5

Starting aid relay
Starting aid relay disconnection

6 Starting aid relay relay GND short circuit

654

5

Injector (No.1 cylinder)

Disconnection (injector-specifi c)

6 Coil short circuit

3 Short circuit

653

5

Injector (No.2 cylinder)

Disconnection (injector-specifi c)

6 Coil short circuit

3 Short circuit

652

5

Injector (No.3 cylinder)

Disconnection (injector-specifi c)

11 Coil short circuit

3 Short circuit

651

5

Injector (No.4 cylinder)

Disconnection (injector-specifi c)

6 Coil short circuit

3 Short circuit

4257 12

All injectors

Injector drive IC error

2797 6
Injector drive circuit (Bank1) shotrt circuit 
(4TN: common circuit for No.1, No4 and all 3TN 
cylinders)

2798 6
Injector drive circuit (Bank2) short circuit 
(4TN: circuit for No.2 and 3 cylinders)

523462 13

Injector (correction value)

Inujector (No.1 cylinder) correction value error

523463 13 Inujector (No.2 cylinder) correction value error

523464 13 Inujector (No.3 cylinder) correction value error

522465 13 Inujector (No.4 cylinder) correction value error

522571
3

SCV (MPROP)

SCV (MPROP) L side VB short circuit

6 SCV (MPROP) L side GND short circuit

633

3 SCV (MPROP) H side VB short circuit

6 SCV (MPROP) H side GND short circuit

5 SCV (MPROP) disconnection

522572
6 SCV (MPROP) drive current (high level)

11 SCV (MPROP) pump overload error

157

0

Rail pressure error

Rail pressure too high

18 Rail pressure deviation error (low rail pressure)

15 Rail pressure deviation errer (high rail pressure)

16

PLV (common rail pressure limit 
valve)

PLV open valve

523469 0 Rail pressure fault (The times of PLV valve opening error)

523470 0 Rail pressure fault (The time of PLV valve opening error)

523489 0
Rail pressure fault (The actual rail pressure is too high 
during PRV limp home)

523498 9
Rail pressure fault (contrilled rail pressure error after PLV 
valve opening)

523491 0
Rail pressure control

Rail pressure fault (injector B/F temperature error during 
PLV4 limp home)

523460 7
Rail pressure fault (operation time error during RPS limp 
home)
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Fault code Description

YANMAR SPN FMI Area Status

190 16 Overspeed Overspeed

2950

5

Intake throttle drive circuit

No-load of throttle valve drive H bridge circuit

3 Power short circuit of throttle valve drive H bridge output 1

4 GND short circuit of throttle valve drive H bridge output 1 

6 Overload on the drive H bridge circuit of throttle valve

2951
3

VB power short circuit of throttle valve drive H bridge 
output 2

4 GND short circuit of throttle valve drive H bridge output 1

2950 7 Throttle valve sticking (sticking open)

2951 7 Throttle valves sticking (sticking closed)

522596 9

 CAN 2

TSC1 (SA1) reception timeout

522597 9 TSC1 (SA2) reception timeout

522599 9 Y_ECR1 reception timeout

522600 9 Y_EC reception timeout

522601 9 Y_RSS reception timeout

237
31 VI_ reception timeout

13 VI_ reception data error

522609 9 Y_ETCP1 reception timeout

522618 9 EBC1 reception timeout

522619 9 Y_DPFIF reception timeout

522730 12 Immobilzer error (CAN communication)

1202 2 Immobilizer error (system)

522610 9
CAN  1

CAN 1 (for EGR): reception timeout from the EGR valve

522611 9 CAN 1 (for exhaust throttle): receptiom timeout

2791

0

EGR valve 

EGR overvoltage error

1 EGR low voltage error

7 EGR feedback error

9 EGR ECM data error

12 Disconnection in EGR motor coils

522579 12 Short circuit in EGR motor coils

522580 12 EGR position sensor error

522581 7 EGR valve sticking error

522183 7 EGR initialization error

522184 1 EGR high temperature thermistor error

522617 1 EGR low temperature thermistor error

522746 12 EGR target value out of range

522747 12

Exhaust throttle

Exhaust throttle (voltage fault)

522748 12 Exhaust throttle (motor fault)

522749
12 Exhaust throttle (sensor system fault)

12 Exhaust throttle (MPU fault)

522750 12 Exhaust throttle (PCB fault)

522751 19 Exhaust throttle (CAN fault)
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Fault code Description

YANMAR SPN FMI Area Status

630 12

EEPROM

EEPROM memory deletion error

522576 12 EEPROM memory reading error

522578 12 EEPROM memory writing error

522585 12

ECU internal fault

CY 146 SPI communication fault 

522588 12 Excessive voltage of supply 1

522589 12 Insuffi cient voltage of supply 1

522590 12 Sensor supply voltage error 1

522591 12 Sensor supply voltage error 2

522592 12 Sensor supply voltage error 3

522744 4 Actuator drive circuit 1 short to ground

522994 4 Actuator drive circuit 2 short to ground

523471 6 Actuator drive circuit 3 chort to ground

523473 12 AD converter fault 1

523474 12 AD converter fault 2

523475 12 External monitoring IC and CPU fault 1

523476 12 External monitoring IC and CPU fault 2

523477 12 ROM fault

523478 12 Shutoff path fault 1

523479 12 Shutoff path fault 2

523480 12 Shutoff path fault 3

523481 12 Shutoff path fault 4

523482 12 Shutoff path fault 5

523483 12 Shutoff path fault 6

523484 12 Shutoff path fault 7

523485 12 Shutoff path fault 8

523486 12 Shutoff path fault 9

523487 12 Shutoff path fault 10

523488 0 Recognition error of engine speed

3059

5
Breather heater (optional parts 
for 4TNV86CT and 4TNV98CT)

Breather heater disconnection

4 Breather heater short circuit (GND)

3 Breather heater short circuit (VB)

522323 0 Air cleaner switch Air cleaner clogged alarm

522329 0 Water weparator switch Water separator alarm

167
5

Charge switch
Charge switch disconnection

1 Charge alarm

100
4

Oil pressure switch
Oil pressure switch disconnection

1 Low oil pressure alarm

522573 0

DPF

Excessive PM accumulation (method C)

522574 0 Excessive PM accumulation (method P)

522575 7 Regeneration falure (stationary regeneration failure)

522577 11
Regeneration failure (staonary regeneration not 
performed)

3250 0
DPF intermediate temperature 
sensor

DPF intermediate temperature sensor abnormal rise in 
temperature (post-injection malfunction)
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Fault code Description

YANMAR SPN FMI Area Status

3720
16

DPF OP interface

Ash cleaning request 1

0 Ash cleaning request 2

3719
16 Stationary regeneration standby

0 Backup mode

3695 14 Reset regeneration is inhibited

3719
9 Regeneration faulure (recovery regeneration failure)

7 Recovery regeneration is inhibited
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GROUP  1  BEFORE TROUBLESHOOTINGGROUP  1  BEFORE TROUBLESHOOTING

1. INTRODUCTION1. INTRODUCTION

When a trouble is occurred in the machine, this section will help an operator to maintain the machine 
with easy.
The trouble of machine is parted Hydraulic & Mechanical system and Electrical system system.  
At each system part, an operator can check the machine according to the troubleshooting process 
diagram.

Troubles occur

Hydraulic & 
Mechanical part GROUP 2

GROUP 3Electrical part
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STEP 1. Study the machine systemSTEP 1. Study the machine system

Study and know how the machine is operating, 
how the system is composing, what kinds of 
function are installed in the machine and what 
are specifications of the system components by 
the machine service manual.
Especially, deepen the knowledge for the 
related parts of the trouble.

STEP 2. Ask the operatorSTEP 2. Ask the operator

Before inspecting, get the ful l story of 
malfunctions from a witness --- the operator.

How the machine is used and when it is 
serviced?

When the trouble was noticed and what 
work the machine was doing at that time?

What is the phenomenon of the trouble?  
Was the trouble getting worse, or did it 
come out suddenly for the first time?

Did the machine have any troubles 
previously?  If so, which par ts were 
repaired before.

STEP 3. Inspect the machineSTEP 3. Inspect the machine

Before starting troubleshooting, check the 
machine for the daily maintenance points as 
shown in the operator's manual.

And also check the electrical system including 
batteries, as the troubles in the electrical system 
such as low battery voltage, loose connections 
and blown out fuses will result in malfunction of 
the controllers causing total operational failures 
of the machine.

2. DIAGNOSING PROCEDURE2. DIAGNOSING PROCEDURE

To carry out troubleshooting efficiently, the following steps must be observed.

1)

2)

3)

4)

ON THE
INSPECTION
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STEP 4. Inspect the trouble actually on the     STEP 4. Inspect the trouble actually on the     
machinemachine

In case that some trouble cannot be confirmed, 
obtain the details of the malfunction from the 
operator.
Also, check if there are any in complete 
connections of the wire harnesses are or not.

STEP 5. Perform troubleshootingSTEP 5. Perform troubleshooting

According to where the trouble parts are 
located, hydraulic & mechanical system part or 
electrical system part or mechatronics system 
part, perform troubleshooting the machine refer 
to the each system part's troubleshooting 
process diagram.
 

STEP 6. Trace a causeSTEP 6. Trace a cause

Before reaching a conclusion, check the most 
suspectible causes again.  Try to trace what the 
real cause of the trouble is.

Make a plan of the appropriate repairing 
procedure to avoid consequential malfunctions.
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GROUP  2  HYDRAULIC AND MECHANICAL SYSTEMGROUP  2  HYDRAULIC AND MECHANICAL SYSTEM

1. INTRODUCTION1. INTRODUCTION

MACHINE IN GENERALMACHINE IN GENERAL

   If even a minor fault is left intact and operation is continued, a fatal failure may be caused, 
entailing a large sum of expenses and long hours of restoration.
Therefore when even a small trouble occurs, do not rely on your intuition and experience, but look 
for the cause based on the troubleshooting principle and perform maintenance and adjustment to  
prevent major failure from occurring.  Keep in mind that a fault results from a combination of 
different causes.

The following lists up commonly occurring faults and possible causes with this machine.   For the 
troubleshooting of the engine, refer to the coming troubleshooting and repair.   

When carrying out troubleshooting, do not hurry to disassemble the components.
   It will become impossible to find the cause of the problem.

Ask user or operator the following.
Was there any strange thing about machine before failure occurred?
Under what conditions did the failure occur?
Have any repairs been carried out before the failure?

Check before troubleshooting.
Check oil and fuel level.
Check for any external leakage of oil from components.
Check for loose or damage of wiring and connections.

1)

(1)

(2) 

(3)

(4)

(5)

①

②

③

①

②

③
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YES

YES

NO

NO

2. DRIVE SYSTEM2. DRIVE SYSTEM

UNUSUAL NOISE COMES OUT OF PUMP CONNECTIONUNUSUAL NOISE COMES OUT OF PUMP CONNECTION1)1)

Remove dust 
plug under engine  
flywheel and 
check if rubber 
pieces or particles 
are not present. Coupling hub 

spline is worn or 
hub fastening 
setscrew is slack.

If hydraulic pump or engine is 
suspected as a culprit refer to this 
manual "Structure and function".

Cause Remedy

Coupling element 
is broken.

Disassemble 
and repair.

Replace hub or 
retighten 
setscrew.
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ENGINE STARTS BUT MACHINE DOES NOT OPERATE AT ALLENGINE STARTS BUT MACHINE DOES NOT OPERATE AT ALL2)2)

Hydraulic pump is 
broken.

ⓐ

 

Pilot valve is 
faulty.

Pilot relief valve is 
faulty.

Gear pump is 
broken.

Replenish 
specified oil to 
the standard 
level.
Disassemble 
and repair.

See item 1).       
at page 5-5

Clean pilot 
piping interior or 
repair piping.

Disassemble 
and repair.

Repair or 
replace.

Disassemble 
and repair.

YES

YES YES

YES

YES

YES

YES

NO

NO

NO

NO

Is oil level in 
hydraulic oil 
tank within 
standard level?

Do not hydraulic 
pump and pump 
connections 
make abnormal 
noise?

Abnormal noise 
comes out of 
pump 
connection

Is primary pilot 
pressure within 
standard level?

Is not pilot piping 
clogged or is not 
oil leakage 
present on pilot 
piping?

Is gear pump 
delivering oil?

Abnormal noise 
comes out of 
hydraulic pump

ⓐ

NO

YES

Cause Remedy
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ⓐ

Replenish 
specified oil to 
the standard 
level.
Clean oil cooler. 
Secure air 
circulation route.

Adjust belt 
tension or 
replace belt.

Readjust set 
pressure.

Reduce load.YES
NO

Is hydraulic oil 
volume proper?

Is not oil cooler 
clogged and is 
anything blocking 
air circulation?

Is main relief 
valve used very 
often?

Is not the set 
pressure of main 
relief, relief and 
travel relief valve 
lower than the 
standard level?

Is fan belt 
tension proper?

ⓐ

YES

NO

YES

YES

YESYES

NO

NO

NO

Drop hydraulic oil 
sample on hot 
plate and check if 
foams come up.

Water is mixed.

Air is intruded.

Put hydraulic oil 
still, separate 
water and 
dispose it or 
replace hydraulic 
oil.

Check suction 
line and return 
line and eliminate 
the air intruding 
source.

3. HYDRAULIC SYSTEM3. HYDRAULIC SYSTEM

HYDRAULIC OIL IS CLOUDYHYDRAULIC OIL IS CLOUDY1)1)

HYDRAULIC OIL TEMPERATURE HAS RISEN ABNORMALLYHYDRAULIC OIL TEMPERATURE HAS RISEN ABNORMALLY2)2)

Cause Remedy

Cause Remedy
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NO

NO

NO

NO

YES

NO

YES

YES

YES

Is hydraulic oil 
volume proper?

Is not air intruding 
from pump 
suction line?

Is not viscosity 
of hydraulic oil 
too high?

Is not suction 
strainer clogged?

Replenish 
specified oil to 
the standard 
level.

Replace oil with 
one of proper 
viscosity.

Clean suction 
strainer.

Check for air 
intrusion in 
suction line and 
retighten or 
replace parts.

CAVITATION OCCURS WITH PUMPCAVITATION OCCURS WITH PUMP3)3)

HYDRAULIC OIL IS CONTAMINATEDHYDRAULIC OIL IS CONTAMINATED4)4)

Has not hydraulic 
oil passed 
specified replace- 
ment hours?

Replace 
hydraulic oil to be 
specified.

Flush with 
hydraulic oil and 
replace return 
filter.

Has return filter 
been replaced at 
proper intervals?

Cause Remedy

Cause Remedy
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YES

4. SWING SYSTEM4. SWING SYSTEM

BOTH LH AND RH SWING ACTIONS ARE IMPOSSIBLEBOTH LH AND RH SWING ACTIONS ARE IMPOSSIBLE1)1)

Are attachment 
and travel 
motions 
impossible at all?

Is safety solenoid 
valve pressure 
within standard?

NO

YES

YES

YES

YES

NO

NO

NO

NO

NO

NO

YES

Is gear pump pilot 
pressure within 
standard level?

Is MCV pilot 
pressure within 
standard level?

Is swing brake 
release valve 
faulty?

Are broken pieces 
of coupling present 
when dust plug 
under engine fly 
wheel is removed?

Is oil in hydraulic 
tank within 
standard level?

Does dozer 
function?

 Cause Remedy

Safety valve faulty
or not operated. 

Gear pump faulty.

Pump connection 
coupling is broken.

Hydraulic pump is 
out of order.

Swing control 
valve spool is 

stuck.

Hydraulic pump is 
broken.

Swing brake 
release valve is 
broken.

Swing reduction 
unit is broken.

Swing motor is 
broken.

Pilot relief valve is 
faulty.

Gear pump is out 
of order.

Pilot valve is 
broken.

Replenish 
specified oil to the 
standard level.
Repair or replace.

Repair or replace.

Disassemble 
and repair.

Disassemble 
and repair.

Disassemble 
and repair.

Disassemble 
and repair.

Disassemble 
and repair.

Disassemble 
and repair.

Disassemble 
and repair.

Disassemble 
and repair or 
replace.

Disassemble 
and repair.

Clean pilot piping 
interior or repair 
piping.
Disassemble 
and repair.

ⓐ

ⓑ

ⓒ

ⓐ

Is not main relief 
valve faulty?

Does swing 
control valve 
spool move 
lightly by hand?

Does swing 
motor rotate?

Is gear pump 
delivering oil?

Is not there oil 
leakage from 
pilot piping or is 
not it clogged?

ⓑ

ⓒ

Is gear pump pilot 
pressure within 
standard level?

YES

YES

YES

YES

YES

YES

NO

NO

NO

NO

NO

NO

NO

YES
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NO

NO

NO

SWING SPEED IS LOWSWING SPEED IS LOW2)2)

Is the trouble in 
one direction or 
in both direction?

Clogged or oil 
leak.

YES

YES

YES

NO

NO

NO

NO

NO

NO

NO

NO

YES

YES

NO

YES

YES

NO

YES

NO

YES

Does swing 
control valve  
spool move 
smoothly by 
hand?

Is not pilot piping 
clogged or is not 
it leaking oil?

Is MCV pilot 
pressure within 
standard level?

Is gear pump pilot 
pressure within 
standard level?

Is swing motor's 
drain rate within 
standard value?

YES

Is MCV pilot 
pressure same 
on LH and RH 
sides?

 Is dozer speed 
within standard 
value?

 Cause Remedy

Swing port relief 
valve is faulty.

Swing control valve 
spool is stuck.

Pilot valve or shuttle 
valve is faulty.
ⓐ

Swing control valve 
spool is stuck.
ⓑ
ⓒ

Swing motor is 
broken.

Pilot valve or 
shuttle valve is 
faulty.

Pilot relief valve 
is defective.

Gear pump is 
broken.

Main relief valve 
faulty.

Hydraulic pump 
is broken.

Shuttle valve is 
faulty.

Pilot relief valve 
is faulty.

Gear pump is 
faulty.

Disassemble and 
repair or replace.

Disassemble 
and repair.

Clean pilot piping 
interior or repair 
piping.

Disassemble 
and repair.

Disassemble 
and repair.

Disassemble 
and repair.

Disassemble 
and repair.

Clean pilot piping 
interior or repair 
piping.

Disassemble and 
repair or replace.

Disassemble 
and repair.

Main relief valve
pressure resetting 
or repair.

Disassemble 
and repair.

Repair or replace.

Repair or replace.

Repair or replace.

ⓐ

ⓑ

ⓒ

Check that pilot 
piping is not 
clogged or oil is 
not leaking from 
it?

Clogged or oil 
leak.

Is gear pump 
delivering oil?

Does the 
symptom 
change when LH 
and RH pilot 
hoses are 
exchanged?

Is gear pump 
output pressure 
within standard 
level?

Is safety valve 
pilot pressure 
within standard 
level?

Both directions

Single direction

Is main relief 
valve setting 
pressure normal?

YES

YES
Does swing 
control valve 
spool move 
lightly by hand?
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YES

YES

YES

YES

YES

YES

YES

NO

NO

NO

NO

NO

NO

NO
YES

Is MCV pilot 
pressure same 
for LH and RH?

Clogged or oil 
leak.

Check if pilot 
piping is not 
clogged or does 
not have oil 
leakage.

Does swing control 
valve spool move 
smoothly by hand?

Does symptom 
change when LH 
and RH port 
relief valves are 
exchanged

SWING MOTION IS IMPOSSIBLE IN ONE DIRECTIONSWING MOTION IS IMPOSSIBLE IN ONE DIRECTION3)3)

Is swing control 
valve's return 
spring normal?

Is gear pump pilot 
pressure within 
standard level?

Does swing control 
valve spool move 
smoothly by hand?

Is MCV pilot 
pressure within 
standard value?

MACHINE SWINGS BUT DOES NOT STOPMACHINE SWINGS BUT DOES NOT STOP4)4)

Pilot relief valve is 
faulty. 

Gear pump is 
broken.

Pilot valve is faulty.

Swing control 
valve spool is 
stuck.
Return spring is 
faulty.

Disassemble 
and repair or 
replace.

Disassemble 
and repair.

Disassemble 
and repair.

Disassemble 
and repair.

Disassemble 
and replace.

Swing port relief 
valve is faulty.

Shuttle valve is 
faulty.

Swing control valve 
spool is stuck.

Pilot valve is faulty. 

Disassemble 
and repair.

Disassemble 
and repair.

Disassemble 
and repair.

Disassemble 
and repair.

Clean pilot piping 
interior or repair 
piping.

Cause Remedy

Cause Remedy
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YES

YES

YES

YES

NO

NO

NO

NO

NO

YES

Is return spring 
of swing control 
valve normal?

Is brake spring 
normal?

Is swing shuttle 
valve normal?

Is drain rate of 
swing motor 
within standard 
value?

THE SWING UNIT DRIFTS WHEN THE MACHINE IS AT REST ON A SLOPETHE SWING UNIT DRIFTS WHEN THE MACHINE IS AT REST ON A SLOPE5)5)

ⓐ
Is swing relief 
pressure within 
standard level?

ⓐ

Shuttle valve is 
faulty.

Brake spring is 
faulty.

Return spring of 
swing control 
valve is faulty.

Swing relief valve
is faulty.

Swing motor is
broken.

Disassemble 
and replace.

Disassemble 
and replace.

Disassemble 
and replace.

Disassemble 
and repair or 
replace.
Disassemble 
and repair.

Adjust swing 
relief valve 
pressure or 
replace swing 
relief valve.

Cause Remedy
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YES

YES

YES

NO

YES

NO

YES

NO

NO

Is swing operation 
possible?

Travel motor relief 
valve within 
standard pressure

Is the travel pilot 
pressure within 
standard?

Is the travel 
speed solenoid 
valve normal?

Travel pilot 
solenoid valve 
normal?

NO

YES

NO

ⓐ

Travel relief valve is 
faulty

Travel speed 
solenoid valve is 
faulty

Accelerator pedal 
or travel Forward /
Reverse solenoid 
valve is faulty

Travel pilot 
solenoid valve is 
faulty

Transmission unit 
is faulty

Travel motor is out 
of order

Hydraulic pump is 
broken

Disassemble 
and repair or 
replace.

Disassemble 
and repair or 
replace.

Disassemble 
and repair or 
replace.

Disassemble 
and repair or 
replace.

Disassemble 
and repair.

Disassemble 
and repair.

Disassemble 
and repair.

ⓐ

5.  TRAVEL SYSTEM5.  TRAVEL SYSTEM

TRAVEL DOES NOT FUNCTION TRAVEL DOES NOT FUNCTION 1)1)

Does travel 
motor rotate?

Cause Remedy
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YES

YES

NO

YES

YES

NO

YES

NO

YES

YES

NO

NO

Is the travel action 
powerless in both 
direction?

Travel motor relief 
valve within 
standard 
pressure

Is the travel pilot 
pressure within 
standard?

Does the symptom 
change when 
travel relief valve 
are exchanged?

Is the travel 
speed solenoid 
valve normal?

Travel pilot 
solenoid valve 
normal?NO

YES

NO

NO

ⓐ

Travel relief valve is 
faulty

Travel speed 
solenoid valve is 
faulty

Accelerator pedal 
or travel Forward/ 
Reverse solenoid 
valve is faulty

Travel pilot 
solenoid valve is 
faulty

Transmission unit 
is faulty

Travel motor is out 
of order

The travel relief 
valve is faulty

Travel motor is out 
of order

Travel motor 
suction valve is 
faulty

Disassemble 
and repair or 
replace.
Disassemble 
and repair or 
replace.

Disassemble 
and repair or 
replace.

Disassemble 
and repair or 
replace.

Disassemble 
and repair.

Disassemble 
and repair.

Disassemble 
and repair or 
replace.
Disassemble 
and repair.

Disassemble 
and repair or 
replace.

ⓐ

TRAVEL ACTION IS POWERLESSTRAVEL ACTION IS POWERLESS (travel only)2)2)

Does travel 
motor rotate?

Does the symptom 
change when travel 
motor suction 
hoses are 
exchanged?

Cause Remedy
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The hydraulic 
motor does not 
get started

The spool does 
work properly.
( the spool keeps 
fully open)

The anti-cavitation 
check valve does 
not work properly.
( the check valve is 
kept open.)

Screw the fitting 
bolts one more 
time with correct 
tightening torque.
If the spool turns 
out to be damaged, 
it should be 
repaired or the new 
one should be 
used
Ditto

THE HYDRAULIC MOTOR DOSE NOT GET STARTEDTHE HYDRAULIC MOTOR DOSE NOT GET STARTED3)3)

Cause Remedy

It takes time to 
accelerate the 
motor

The spool does 
not work properly.

The orifice for 
closing the 
counterbalance is 
clogged.

Wrong setting of 
pressure of the 
relief valve.

Screw the fitting 
bolts one more 
time with correct 
tightening torque.
If the spool turns 
out to be 
damaged, it should 
be repaired, or the 
new one should be 
used.

Remove the 
foreign matter by 
disassembling 
and cleaning.

Adjust at the 
correct value.
If the relief valve 
turns out to be 
out of order, the 
new one should 
be used.

IT TAKES TIME TO ACCELERATE THE MOTORIT TAKES TIME TO ACCELERATE THE MOTOR4)4)

Cause Remedy
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It is not possible 
to reduce the 
motor smoothly

The orifice for 
closing the 
counterbalance is 
clogged.   The 
opening of the 
neutral position of 
the spool is 
clogged.

Wrong setting of 
pressure of the 
relief valve.

Remove the 
foreign matter by 
disassembling 
and cleaning.

Adjust at the 
correct value.
If the relief valve 
turns out to be 
out of order, the 
new one should 
be used.

IT IS NOT POSSIBLE TO REDUCE THE MOTOR SMOOTHLYIT IS NOT POSSIBLE TO REDUCE THE MOTOR SMOOTHLY5)5)

Cause Remedy

It takes time to 
accelerate the 
motor

The anti-cavitation 
valve does not not 
work properly.

Screw the fitting 
bolts one more 
time with correct 
tightening torque.
If the valve turns 
out to be 
damaged, is 
should be 
repaired.

EXTRAORDINARY NOISE IS HEARD WHEN SUDDENLY REDUCING THE SPEED FROM EXTRAORDINARY NOISE IS HEARD WHEN SUDDENLY REDUCING THE SPEED FROM 
THE HIGH-SPEED MODETHE HIGH-SPEED MODE

6)6)

Cause Remedy
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OK

NO

YES

YES

YES

NO

NO

Is travel 
operations 
possible?

Does the 
symptom change 
when port relief 
valve is replaced 
with other valve?

Inspect if pilot 
piping is not 
clogged or oil is 
not leaking from 
the piping.

Disassemble 
main relief valve 
and check if it is 
not irregular.

Are other 
attachments 
operatable?

Inspect oil 
volume in 
hydraulic oil tank.

Is MCV pilot 
pressure within 
standard level?

Is gear pump 
pilot pressure 
within standard 
level?

Is gear pump 
delivering oil?

Particles present

YES

OK

Faulty

Port relief valve is 
faulty.

ⓐ

Pilot valve is 
faulty.

Pilot relief valve is 
faulty.

Gear pump is 
broken.

Hydraulic pump is 
broken.

Main relief valve 
is defective.

Coupling at pump 
connection is 
broken.

Cylinder interior is 
broken.

Control valve 
spool is stuck.

Disassemble 
and repair or 
replace.

Disassemble 
and repair.

Disassemble 
and repair or 
replace.
Disassemble 
and repair.

Disassemble 
and repair.

Disassemble 
and repair or 
replace.
Disassemble 
and repair.

Replenish 
hydraulic oil.

Disassemble 
and repair.

Disassemble 
and repair.

ⓐ

Remove dust plug 
under engine 
flywheel and 
check if coupling 
element particles 
are not present.

6. ATTACHMENT SYSTEM6. ATTACHMENT SYSTEM

BOOM OR ARM ACTION IS IMPOSSIBLE AT ALLBOOM OR ARM ACTION IS IMPOSSIBLE AT ALL1)1)

Short

Does control 
valve spool move 
lightly by hand?

Cause Remedy
YES

NO

YES

NO

NO

OK

NO

YES
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YES

YES

YES

YES

YES

YES

YES

YES

YES

YES

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

Is speed low only 
in composite 
operation?

Are other 
attachment 
speeds within 
standard levels?

Does the 
symptom change 
when port relief 
valve is replaced 
with other valve?

Is pilot valve 
normal?

Is travel speeds 
within standard 
levels?

Is combination 
of oil streams 
normal at boom 
hoisting and at 
arm extrusion?

Is travel speeds 
low? Is MCV pilot 

pressure within 
standard?

Does spool of 
flow  summation 
check valve 
move lightly by 
hand?

ⓐ

ⓑ

Flow summation 
check valve spool 
is stuck.  

Hydraulic pump is 
faulty.
ⓒ

ⓓ

Port relief valve is 
faulty.

Cylinder is faulty.

Control valve spool 
is stuck.

 

Pilot valve is 
defective.
Pilot relief valve is 
faulty.

Gear pump is 
broken.

Pilot valve is faulty.

Normal.

Disassemble 
and repair.

Disassemble 
and repair.

Disassemble 
and repair or 
replace.
Disassemble 
and repair.

Disassemble 
and repair.

Clean pilot piping 
interior or repair 
piping.
Disassemble 
and repair.
Disassemble 
and repair or 
replace.
Disassemble 
and repair.

Adjust engine 
revolution.

Clean orifice in 
control valve.

Clean pilot piping 
interior or repair 
piping.
Disassemble 
and repair.

ⓐ

ⓑ

ⓒ

ⓓ

BOOM, ARM OR BUCKET SPEED IS LOWBOOM, ARM OR BUCKET SPEED IS LOW2)2)

Does control 
valve spool move 
lightly by hand?

Is not MCV pilot 
pressure piping 
clogged or is not 
there oil 
leakage?

Is gear pump 
delivering oil?

Is pilot piping not 
clogged or is oil 
not leaking from 
the piping?

Is MCV pilot 
pressure within 
standard level?

Is primary pilot 
pressure within 
standard level?

Is engine 
revolution within 
standard level?

Is not orifice in 
control valve 
clogged?

Cause Remedy

YES

YES

YES

NO

NO

NO

NO

NO

NO NO

OK
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YES

OK

YES

YES

NO

NO

NO

Is genuine 
hydraulic oil or 
equivalent being 
used?

Is not hydraulic 
oil temperature 
high?

Does the  
symptom change 
when port relief 
valve is replaced 
with normal 
valve?

BOOM, ARM OR BUCKET CYLINDER EXTENDS OR CONTRACTS ITSELF AND BOOM, ARM OR BUCKET CYLINDER EXTENDS OR CONTRACTS ITSELF AND 
ATTACHMENT FALLSATTACHMENT FALLS

3)3)

Normal

Port relief valve is 
faulty.

ⓐ

Control valve's 
return spring is 
faulty.
 

Pressure 
tightness 
between control 
valve casing and 
spool is poor.
Contact surface 
between poppet 
and seat is poor.

Cylinder is faulty.

Disassemble 
and repair or 
replace.

Disassemble 
and replace.

Locate the cause 
of hydraulic oil 
temperature rise 
and lower it to 
proper level.

Replace with 
genuine 
hydraulic oil or 
equivalent.

Disassemble 
and repair.

Disassemble 
and repair.

Disassemble 
and repair.

ⓐ

Is cylinder 
internal leakage 
within standard 
level?

Abnormal

Abnormally high.

Is control valve 
return spring 
normal?

Disassemble and 
inspect check 
valve in hydraulic 
circuit and check 
for any fault.

Cause Remedy

YES

NO
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YES

YES

YES

YES

YES

NO

NO

NO

NO

NOIs MCV pilot 
pressure within 
standard level?

Does the 
symptom change 
when port relief 
valve is replaced 
with other valve?

ONLY BUCKET OPERATION IS TOTALLY IMPOSSIBLEONLY BUCKET OPERATION IS TOTALLY IMPOSSIBLE5)5)

Port relief valve is 
defective.

Cylinder interior is 
broken.

Control valve 
spool is stuck.

Pilot valve is 
faulty.

Disassemble 
and repair or 
replace.
Disassemble 
and repair.

Disassemble 
and repair.

Disassemble 
and repair.

Does control 
valve spool 
move smoothly 
by hand?

BOOM, ARM OR BUCKET POWER IS WEAKBOOM, ARM OR BUCKET POWER IS WEAK4)4)

Is relief pressure 
in main relief 
valve within 
standard level?

Is cylinder 
internal leakage 
within standard 
level?Is relief pressure 

in port relief 
valve within 
standard level?

Cylinder is faulty.

Port relief valve is 
faulty.

Main relief valve 
is defective.

Check according 
to the procedure 
in Item "Speed is 
low".

Disassemble 
and repair.

Adjust pressure, 
repair or replace.

Adjust pressure, 
repair or replace.

Cause Remedy

Cause Remedy

YES

NO



5-21

YES

NO

Is boom foot pin 
greased 
sufficiently?

Boom foot pin 
has run out of 
grease.

Frictional noise 
occurs between 
the sliding faces 
of boom 
cylinder's oil 
seal and boom 
proper.

Supply grease 
to it.

BOOM MAKES A SQUARING NOISE WHEN BOOM IS OPERATEDBOOM MAKES A SQUARING NOISE WHEN BOOM IS OPERATED6)6)

※ Frictional 
 noise will 

disappear if 
they are kept 
used.

※ 
If seizure is in 
an initial stage, 
supply sufficient 
grease.
If seizure is in 
a grown state, 
correct it by 
paper lapping 
or with an oil 
stone.

Cause Remedy
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A

※ HOW TO CHECK INTERNAL BOOM CYLINDER LEAKAGEHOW TO CHECK INTERNAL BOOM CYLINDER LEAKAGE

Raise bucket OFF the ground by retracting 
the arm cylinder rod.

If oil leaks from piping side and boom 
cylinder rod is retracted there is an internal 
leak in the cylinder.
If no oil leaks from piping side and boom 
cylinder rod is retracted, there is an internal 
leak in the control valve.

3.

Disconnect hose (A) from rod side of boom 
cylinder and drain oil from cylinder and 
hose. (put cups on piping and hose ends)

2.

Lower the bucket teeth to the ground with 
bucket cylinder fully retracted and arm 
cylinder rod retracted almost in full.

1.
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GROUP  3  ELECTRICAL SYSTEMGROUP  3  ELECTRICAL SYSTEM

1. WHEN STARTING SWITCH IS TURNED ON, MONITOR PANEL DISPLAY DOES NOT 1. WHEN STARTING SWITCH IS TURNED ON, MONITOR PANEL DISPLAY DOES NOT 
APPEARAPPEAR

·Before disconnecting the connector, always turn the starting switch OFF.
·Before carrying out below procedure, check all the related connectors are properly inserted and 

short of fuse No.2 and No.7.
·After checking, insert the disconnected connectors again immediately unless otherwise specified.

YES
YES

NO

NO

Check voltage 
between CN-56 
(1) and chassis

Check voltage 
between CN-56 
(2) and chassis

CLUSTER

POWER IG(12V)

POWER 12V 1

CN-56

2
FUSE

NO.2

FUSE

NO.7

10 ~  12.5VYES

Check voltage

NO 0V

Starting switch : ON
Voltage : 10~12.5V

Cause Remedy

Defective cluster

Disconnection in 
wiring harness or 
poor contact 
between CN-56 
(2) and fuse No.7. 

Disconnection in 
wiring harness or 
poor contact 
between CN-56 
(1) and fuse No.2

Replace

Repair or 
replace
(after clean)

Repair or 
replace
(after clean)



5-24

2.            BATTERY CHARGING WARNING LAMP LIGHTS UP2.            BATTERY CHARGING WARNING LAMP LIGHTS UP (starting switch : ON)

·Before disconnecting the connector, always turn the starting switch OFF.
·Before carrying out below procedure, check all the related connectors are properly inserted.
·After checking, insert the disconnected connectors again immediately unless otherwise specified.

Cause Remedy

Defective cluster

Disconnection in 
wiring harness or 
poor contact 
between CN-51 
(20)-alternator 
terminal "1"

Defective alternator

Replace

Repair or replace
(after clean)

Replace

YES

YES

NO

NO

MCU

CN-51

10 ~  12.5VYES

Check voltage

NO 0V

20

ALTERNATOR

CN-74

B+

L

P

G

~3

U

2

1

S

Voltage : 10~12.5V
Engine : Running

Check voltage 
between 
alternator   
terminal "1" and 
chassis

Check voltage 
between CN-51 
(20) and chassis
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3.           WHEN COOLANT OVERHEAT WARNING LAMP LIGHTS UP3.           WHEN COOLANT OVERHEAT WARNING LAMP LIGHTS UP (engine is started)

·Before disconnecting the connector, always turn the starting switch OFF.
·Before carrying out below procedure, check all the related connectors are properly inserted.
·After checking, insert the disconnected connectors again immediately unless otherwise specified.

Cause Remedy

Coolant overheat
(115˚C±2˚C )

Defective temp 
sensor

Short circuit in 
wiring harness

Defective cluster

Check engine 
cooling system

Replace

Repair or replace
(after clean)

Replace

ECU

CN-93

WATER TEMPERATURE 
              SENSOR

2

1 C

28

16

Starting switch : ON
Engine : Start

Does display go 
off when 
disconnect water 
temp sensor?

Resistance 
between CN-93 
(16) and (28)
is 0~1Ω?

YES

YES

YES

NO

NO

NO

Disconnect CN-93
KEY OFF

Disconnect CD-30

Resistance 
between water 
temp sensor  
(1,2) is in range 
of 120~150Ω?
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4.            WHEN AIR CLEANER WARNING LAMP LIGHTS UP4.            WHEN AIR CLEANER WARNING LAMP LIGHTS UP (engine is started)

·Before disconnecting the connector, always turn the starting switch OFF.
·Before carrying out below procedure, check all the related connectors are properly inserted.
·After checking, insert the disconnected connectors again immediately unless otherwise specified.

Cause Remedy

Clogged air filter or 
defective switch

Short circuit in 
wiring harness
 

Defective MCU

Check filter or 
replace switch

Repair or replace
(after clean)

Replace

MCU

CN-51

11

AIR CLEANER SWITCH

CD-10

Pa

Starting switch : ON
Engine : Start

Does display go 
off when 
disconnect 
CD-10?

Check resistance 
between CN-51 
(11) and chassis

NO

YES

NO

YES

Starting switch : OFF
Disconnect CN-51

YES

NO

MAX 1Ω

MIN 1M Ω 

Check resistance
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5.             WHEN ENGINE OIL PRESSURE WARNING LAMP LIGHTS UP5.             WHEN ENGINE OIL PRESSURE WARNING LAMP LIGHTS UP (engine is started)

·Before disconnecting the connector, always turn the starting switch OFF.
·Before carrying out below procedure, check all the related connectors are properly inserted.
·After checking, insert the disconnected connectors again immediately unless otherwise specified.

Cause Remedy

Engine oil leakage,
or defective switch

Defective ECU

Disconnection in 
wiring harness or 
poor contact 
between 
CN-93(14)
-CD-5

Check engine oil 
level or replace 
switch

Replace

Repair or replace
(avfter clean)

ENGINE OIL PRESSURE SWITCH

CD-5

Pa

ECU

CN-93

14

NO

YES

YES

NO

Starting switch : ON
Engine : Start

Does display go off 
when disconnect 
CD-5?

Check resistance 
between CN-93 
(14) and chassis

Starting switch : OFF
Disconnect CN-93

YES

NO

MAX 1Ω

MIN 1MΩ

Check resistance
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6. WHEN HYDRAULIC OIL TEMPERATURE WARNING LAMP LIGHTS UP6. WHEN HYDRAULIC OIL TEMPERATURE WARNING LAMP LIGHTS UP (engine is started)

·Before disconnecting the connector, always turn the starting switch OFF.
·Before carrying out below procedure, check all the related connectors are properly inserted.
·After checking, insert the disconnected connectors again immediately unless otherwise specified.

Cause Remedy

High temperature

Defective temp 
sensor

Short circuit

Defective MCU

Check hydraulic oil 
temperature
(100˚C±2˚C ) ,
Replace
Replace

Check and repair

Replace

HYDRAULIC OIL 
TEMPERATURE SENDER

CD-1

C2

1

MCU

41

CN-51

Starting switch : ON
Engine : Start

Does display go 
off when 
disconnect 
CD-1?

Resistance 
between CN-51 
(41) and GND is 
0~1Ω? 

Starting switch : OFF
Disconnect CN-51

Resistance 
between CD-1 
(1, 2) is in range 
of 130~150Ω?

Starting switch : ON
Disconnect CD-1

YES

YES

YES

NO

NO

NO
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ECU

CN-93

WATER TEMPERATURE 
              SENSOR

2

1 C

28

16

7. WHEN COOLANT TEMPERATURE GAUGE DOES NOT OPERATE7. WHEN COOLANT TEMPERATURE GAUGE DOES NOT OPERATE

·Before disconnecting the connector, always turn the starting switch OFF.
·Before carrying out below procedure, check all the related connectors are properly inserted.
·After checking, insert the disconnected connectors again immediately unless otherwise specified.

Cause Remedy

Disconnection in 
wiring harness or 
poor contact 
between CN-93B 
and CN-301

Defective temp 
sensor

Defective cluster

Repair or replace
(after clean)

Replace

Replace

YES

YES

NO

NO

Temperature
40˚C 85~110˚C

115˚C 
(red range)

Check Table

Item

Unit Resistance(Ω)

Tolerance(%)

1170~

±5 

270~130

-8~0 

~124

±5

Starting switch : ON

Does the gauge 
move up and 
down at lamp 
check?

Is resistance 
between CN-93 
(16) and (28) 
over 2kΩ?

Starting switch : OFF
Disconnect CN-93B

Red range
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FUEL SENDER

CD-2

2

1

MCU

CN-51

18

8. WHEN FUEL GAUGE DOES NOT OPERATE8. WHEN FUEL GAUGE DOES NOT OPERATE (check warning lamp ON/OFF)

·Before disconnecting the connector, always turn the starting switch OFF.
·Before carrying out below procedure, check all the related connectors are properly inserted.
·After checking, insert the disconnected connectors again immediately unless otherwise specified.

Level Empty 1/2 Full

Check Table

Item

Unit Resistance (Ω)

Tolerance (%)

700

±5

300

±8

~100

±5

Cause Remedy

Disconnection in 
wiring harness

Defective MCU

Defective fuel 
sensor

Defective cluster

Check and repair

Replace

Replace

Replace

YES

YES

Starting switch : ON

Does the gauge 
move up and 
down at lamp 
check?

Is resistance 
between CN-51 
(18) and (GND) 
over 1kΩ?

Starting switch : OFF
Disconnect CN-51

Disconnect CD-2
See Table

Check resistance 
between CD-2 
(1) and (2)

YES

NO

NO

NO

HYUNDAI

Red range
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9. WHEN SAFETY SOLENOID DOES NOT OPERATE9. WHEN SAFETY SOLENOID DOES NOT OPERATE

·Before disconnecting the connector, always turn the starting switch OFF.
·Before carrying out below procedure, check all the related connectors are properly inserted and 

short of fuse No.17.
·After checking, insert the disconnected connectors again immediately unless otherwise specified.

Cause Remedy

Hydraulic 
malfunction

Defective solenoid

Defective switch 
(CS-4)

Disconnect in 
wiring harness or 
poor contact 
between 
CN-4 (3)-CS-4 (3)

Disconnect in 
wiring harness or 
poor contact 
between 
CN-4 (3)-CN-68 (2)

Disconnection in 
fuse

Check hydraulic 
system

Replace

Repair or replace

Repair or replace
(after clean)

Repair or replace
(after clean)

Replace

Check voltage 
between CN-68 
(1) - CN-68 (2) 

YES

YES

YES

YES

NO

NO

NO

NO

Safety lever : OFF
Starting switch : ON
Voltage : 10~12.5V

NO

Check operation 
of solenoid

Safety lever : ON-OFF

Starting switch : ON
Voltage : 10~12.5V
Disconnect CN-5

Starting switch : ON
Voltage : 10~12.5V
Disconnect CN-5

Starting switch : ON
Voltage : 10~12.5V
Safety state

Check voltage 
between CN-68 
(2) with chassis

Check voltage 
between CS-4 
(3) and chassis

Check voltage 
between CN-4 
(3) and chassis

YES

1

32

3

2

1

CN-68

CS-4

NO.17

1

2

SAFETY SOLENOID

SAFETY SWITCH

FUSE

3

CN-4

1

48

CN-51

MCU
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10. WHEN STARTING SWITCH IS TURNED ON, WORK LAMP DOES NOT LIGHTS UP10. WHEN STARTING SWITCH IS TURNED ON, WORK LAMP DOES NOT LIGHTS UP

·Before disconnecting the connector, always turn the starting switch OFF.
·Before carrying out below procedure, check all the related connectors are properly inserted and 

short of fuse No.11.
·After checking, insert the disconnected connectors again immediately unless otherwise specified.

Cause Remedy

Defective lamp 
switch

Defective bulb

Disconnection in 
wiring harness or 
poor contact 
between CN-8 (14) 
and CL-5, 6 (2)

Disconnection in 
wiring harness or 
poor contact 
between 
CR-3 (87) -CN-8 
(14)

Disconnection in 
wiring harness or 
poor contact 
between CN-116 
(2) and fuse

Replace switch

Replace

Repair or replace
(after clean)

Repair or replace
(after clean)

Repair or replace
(after clean)

Check voltage 
between CR-3 
(30) and chassis 

YES

NO

Starting switch : ON
Work lamp switch : 
   ON-OFF
Voltage : 10~12.5V

Starting switch : ON
Work lamp switch : ON
Voltage : 10~12.5V

Starting switch : ON
Work lamp switch : ON
Voltage : 10~12.5V

Starting switch : ON
Work lamp switch : ON
Voltage : 10~12.5V

Check voltage 
between CL-5, 6 
(2) and chassis

Check voltage 
between CN-8 
(14) and chassis

Check voltage 
between CN-116 
(2) and chassis

NO

YES

YES

YES

NO

NO

WORK LAMP

CL-5

1

2

FUSE

NO.11

CN-8

87

30 86

85
86

87

85
87a

87a

CR-3

30

SWITCH PANEL

CN-116
1

2

3

4

5

6

7

8

9

10

11

12

WORK LIGHT OUT

CABIN LIGHT OUT

TRAVEL ALARM

NC

POWER 12V(IG)

GND

NC

BREAKER

NC

CL-6

1

2

ILLUMINATION

HEAD LAMP

BEACON LAMP 14

CN-12

1

2

Check voltage 
between CN-12
(1) and (2) 
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Problem Cause Correction

Loss of brakes 1. Incorrect adjustment Inspect disc thickness (see page 7-149) and if discs 
are usable readjust brakes to the specifi cations in the  
manual.

2. Brake discs worn out Inspect disc thickness (see page 7-149) and replace 
if needed

3. Incorrect brake fl uid Replace all seals in axle and master cylinder that 
have made contact with the incorrect fluid and all 
brake hoses.
If incorrect fl uid leaked into axle oil, seals and O-rings 
in axle must be replaced.

4. Loss of brake fl uid Inspect for and repair any leaks in outside circuit or 
master cylinder.
If caused by incorrect brake fl uid see correction No.3.
If leak is to the outside replace the O-rings between 
the center and intermediate sections.
If leak is to the inside replace above O-rings and 
brake piston O-rings.

5. Overheated axle causing brake 

fluid to vaporize (brake return 

when axle cools).

See "Overhearing" problem.

Soft brake pedal 6. Air in brake fl uid Bleed brakes.

Ineffective safety 

brake

7. One or both overrides are 

engaged

Check override bolts and adjust if needed (see page 
7-155).

8. Incorrect adjustment See correction No.1.

9. Brake disc worn out See correction No.2.

Overheating 10. Oil level wrong Drain, fl ush and refi ll oil to proper level.

11. Too small of a brake gap. Readjust brakes to the specifi cations (see page 
7-155)

12. Park brake dragging. Unlock the brake and adjust the correct gap.

13. Incorrect brake fl uid in system. See correction No.3.

14. No free-pedal at master cylin-

der.

Readjust brake pedal.

15. Restriction in brake lines. Inspect for and replace damage lines.

16. Restriction in return line of 

brake servo system.

Inspect for and replace damaged return line.
Inspect for and remove any fi lter, tee'd in line or any 
other source of back pressure from the return line.

17. Incorrect oil Drain, fl ush and refi ll to the proper level with oil rec-
ommended.

GROUP  4  AXLEGROUP  4  AXLE

1. TROUBLE SHOOTING1. TROUBLE SHOOTING
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Problem Cause Correction

Diff-lock inoperative 18. If manual, loss or misadjusted 
linkage.

Inspect and correct linkage and readjust.

19. If hydraulic, problems in the 
hydraulic or electrical circuits of 
the vehicle.

Refer to the Group 2 and 3 of this section.

20. If hydraulic, problems in the 
hydraulic or electrical circuits of 
the vehicle.

Rebuilt cylinder as described on page 7-192.

21. If with self locking differential, 
weared discs.

Replace discs as described on page 7-189.

Oil coming out of 
breather

22. Hydraulic leak in brake system. See corrections No.2 & 3.

23. Hydraulic leak in diff-lock acti-
vating cylinder.

See corrections No.20.

No spin indexing 
noise when driven 
straight.

24. Unequal tire pressure from one 
side to the other.

Infl ate tires to the recommended pressure or until the 
rolling radius is equal.

25. Different style, size or brand of 
tires from one side to the other.

Change tires to make the rolling radius equal.
Vary the tire pressure within the specifications until 
the rolling radius is equal.

Noise during coast 
and under power 
the same

26. Wheel bearings Replace and adjust as described on page 7-157.

Noise under power 
greater than during 
coast.

27. Low oil level Refi ll oil to proper level

28. Incorrect oil See correction No.17.

29. Ring and pinion worn Inspect through rear cover. Replace and adjust as 
described on page 7-173.

30. Worn ring and pinion bearings Replace and adjust as described on page 7-173.

31. Worn planetary gears or bear-
ings

Replace as described on page 7-157.

Noise during coast 
greater than under 
power

32. Loose pinion nut Inspect ring, pinion and pinion bearings. If undam-
aged, retighten nut as described on page 7-173.

33. Only one pinion bearing dam-
ages.

See correction No.30.

Noise during turn 
(without no spin)

34. Worn spider and / or side 
gears

Replace as described on page 7-185.
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Problem Cause Correction

A "Stick slip" noise 
when going from 
forward to reverse.

35. Worn or damaged U-joint on 
drive shaft

Inspect and replace the u-joint.

36. Loose wheel Inspection for wheel and wheel stud damage. 
Replace if needs and retorque nuts.

37. Worn or damaged U-joint at 
steering knuckle

Inspect and replace as described on page 7-166.

38. Spider pins loose in carrier. Inspect through rear cover. Replace as described on 
page 7-185.

39. Damaged or missing spider 
and / or side gear washers

See correction No.34.
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SECTION  6  MAINTENANCE STANDARDSECTION  6  MAINTENANCE STANDARD
GROUP  1  OPERATIONAL PERFORMANCE TESTGROUP  1  OPERATIONAL PERFORMANCE TEST

1. PURPOSE1. PURPOSE
Performance tests are used to check:

OPERATIONAL PERFORMANCE OF A OPERATIONAL PERFORMANCE OF A 
NEW MACHINENEW MACHINE
Whenever a new machine is delivered in 
parts and reassembled at a customer's 
site, it must be tested to confirm that the 
operational performance of the machine 
meets Hyundai spec.

OPERATIONAL PERFORMANCE OF A OPERATIONAL PERFORMANCE OF A 
WORKING MACHINEWORKING MACHINE
With the passage of time, the machine's 
operational performance deteriorates, so 
that the machine needs to be serviced 
periodically to restore it to its original 
performance level.
Before servicing the machine, conduct 
performance tests to check the extent of 
deterioration, and to decide what kind of 
service needs to be done (by referring to 
the "Service Limits" in this manual).

OPERATIONAL PERFORMANCE OF A OPERATIONAL PERFORMANCE OF A 
REPAIRED MACHINEREPAIRED MACHINE
After the machine is repaired or serviced, it 
must be tested to conf i rm that i ts 
operational performance was restored by 
the repair and/or service work done.

Working
condition

Operating

Maintenance
     record

1)1)

2)2)

3)3)
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2. TERMINOLOGY2. TERMINOLOGY

STANDARDSTANDARD
Specifications applied to the brand-new 
machine, components and parts.

1)1)

SERVICE LIMITSERVICE LIMIT
The lowest acceptable performance level.   
When the performance level of the 
machine falls below this level, the machine 
must be removed from work and repaired.
Necessary parts and components must be 
replaced.

2)2)
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3. OPERATION FOR PERFORMANCE 3. OPERATION FOR PERFORMANCE 
TESTSTESTS

Observe the following rules in order to 
carry out performance tests accurately and 
safely.

The machineThe machine
Repair any defects and damage found, 
such as oil or water leaks, loose bolts, 
cracks and so on, before starting to test.

Test areaTest area
Select a hard, flat surface.
Secure enough space to allow the 
machine to run straight more than 20m, 
and to make a full swing with the front 
attachment extended.
If required, rope off the test area and 
provide signboards to keep unauthorized 
personnel away.

PrecautionsPrecautions
Before starting to test, agree upon the 
signals to be employed for communication 
among coworkers.  Once the test is 
started, be sure to communicate with 
each other using these signals, and to 
follow them without fail.
Operate the machine carefully and 
always give first priority to safety.
While testing, always take care to avoid 
accidents due to landslides or contact 
with high voltage power lines.  Always 
confirm that there is sufficient space for 
full swings.
Avoid polluting the machine and the 
ground with leaking oil.  Use oil pans to 
catch escaping oil.  Pay special attention 
to this when removing hydraulic pipings.

Make precise measurementsMake precise measurements
Accurately calibrate test instruments in 
advance to obtain correct data.
Carry out tests under the exact test 
conditions prescribed for each test item.
Repeat the same test and confirm that 
the test data obtained can be procured 
repeatedly.  Use mean values of 
measurements if necessary.

1)

(1)(1)

(2)(2)
①

②

③

(3)(3)

(4)(4)

①

②

③

④

①

②

③
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Model Engine speed Standard Remark

R60WVS RRO

Start idle 1000±50

P mode 2000±50 

S mode ±50 

Auto decel 1100±50 

ENGINE SPEEDENGINE SPEED

Measure the engine speed at each power 
mode
The engine speed at each power mode 
must meet standard RPM; if not, all other 
operational performance data will be 
unreliable.  It is essential to perform this 
test first.

Preparation Preparation 
Warm up the machine, until the engine 
coolant temperature reaches 50˚C or 
more, and the hydraulic oil is 50±5˚C.

 Set the accel dial at 10 (Max) position.
Measure the engine RPM.

MeasurementMeasurement 
Start the engine.  The engine will run at 
start idle speed.   Measure engine speed 
with a engine rpm display.
Measure and record the engine speed at 
each mode (P, S).
Select the P-mode.
Lightly operate the bucket control lever a 
few times, then return the control lever to 
neutral; The engine will automatically 
enter the auto-idle speed after 4 
seconds.
Measure and record the auto deceleration 
speed.

2)2)

(1)

※

(2)(2)

(3)(3)
①

②

③

④

⑤

①

②

③

EvaluationEvaluation
The measured speeds should meet the following specifications.

(4)(4)

Unit : rpm

Condition : Set the accel dial at 10 (Max) position.

Engine RPM display

CLUSTER

Power mode switch
Pilot lamp(P, S)

1900
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TRAVEL SPEEDTRAVEL SPEED

Measure the time required for the 
excavator to travel a 50m at high speed 
and a 20m at low speed test run.

PreparationPreparation 
Adjust the pressure of both tires to be 
equal.
Prepare a flat and solid test track 50m in 
length, with extra length of 150m for 
machine acceleration.
Set the traveling position as figure.
Keep the hydraulic oil temperature at 
50±5˚C.

MeasurementMeasurement 
Measure both the low and high speed of 
the machine.
Before starting either the low or high 
speed tests, adjust the RH multifunction 
switch to the speed to be tested.
Start traveling the machine in the extra 
length with the two speed switch at high 
or low speed.
Measure the time required to travel 50m 
at high speed or 20m at low speed.
After measuring the forward travel 
speed, turn the upperstructure 180。 
and measure the reverse travel speed.
Repeat steps ④ and ⑤ three times in 
each direction and calculate the average 
values.

EvaluationEvaluation

100m 50m

Extra 
lengthTest runExtra length

High speed : 50m
Low speed  : 20m

3)3)

(1)

(2)(2)
①

②

③

④

(3)(3)
①

②

③

④

⑤

⑥

The average measured time should meet the following specifications.

(4)(4)

Unit : Seconds

Model Travel speed Standard Maximum allowable Remarks

Low speed 6.3±0.5 7.9 Seconds/20m

High speed 6.0±0.5 7.5 Seconds/50m
R60WVS RRO
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SWING SPEEDSWING SPEED

Measure the time required to swing three 
complete turns.

PreparationPreparation
Check the lubrication of the swing gear 
and swing bearing.
Place the machine on flat, solid ground 
with ample space for swinging.  Do not 
conduct this test on slopes.
Lower the dozer blade at ground.
With the arm rolled out and bucket rolled 
in, hold the bucket so that the height of 
the bucket pin is the same as the boom 
foot pin.  The bucket must be empty.
Keep the hydraulic oil temperature at 
50±5˚C.

MeasurementMeasurement
Operate swing control lever fully.
Swing 1 turn and measure time taken to 
swing next 2 revolutions.
Repeat steps ① and ② three time and 
calculate the average values.

EvaluationEvaluation

4)4)

(1)

(2)(2)
①

②

③

④

⑤

(3)(3)
①

②

③

Unit : Seconds / 2 revolutions

The time required for 2 swings should meet the following specifications.

(4)(4)

Model Standard Maximum allowable Remark

                15.4±1.0 19.3 - R60WVS RRO
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SWING FUNCTION DRIFT CHECKSWING FUNCTION DRIFT CHECK

Measure the swing drift on the bearing 
outer circumference when stopping after 
a 360˚  full speed swing.

PreparationPreparation
Check the lubrication of the swing gear 
and swing bearing.
Place the machine on flat, solid ground 
with ample space for swinging.  Do not 
conduct this test on slopes.
Lower the dozer blade at ground.
With the arm rolled out and bucket rolled 
in, hold the bucket so that the height of 
the bucket pin is the same as the boom 
foot pin.   The bucket must be empty.
Make two chalk marks: one on the swing 
bearing and one directly below it on the 
track frame.
Swing the upperstructure 360˚.
Keep the hydraulic oil temperature at 
50±5˚C.

MeasurementMeasurement
Operate the swing control lever fully and 
return it to the neutral position when the 
mark on the upperstructure aligns with 
that on track frame after swinging 360˚.
Measure the distance between the two 
marks.
Align the marks again, swing 360˚, then 
test the opposite direction.
Repeat steps ② and ③ three times each 
and calculate the average values.

EvaluationEvaluation

Drift angle

Swing start & stop

360 swing

5)5)

(1)

(2)(2)
①

②

③

④

⑤

⑥

⑦

(3)(3)
①

②

③

④

Unit : Degree

The measured drift angle should be within the following specifications.
(4)(4)

Model Standard Maximum allowable Remark

                45 below 60 -R60WVS RRO
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Unit : mm

SWING BEARING PLAY

Measure the swing bearing play using a 

dial gauge to check the wear of bearing 

races and balls.

Preparation

Check swing bearing mounting cap 

screws for loosening.

Check the lubrication of the swing 

bearing.   Confirm that bearing rotation is 

smooth and without noise.

Install a dial gauge on the track frame as 

shown, using a magnetic base.

Position the upperstructure so that the 

boom aligns with the tracks facing 

towards the front axle.

Position the dial gauge so that its needle 

point comes into contact with the bottom 

face of the bearing outer race.

Bucket should be empty.

Measurement

With the arm rolled out and bucket rolled 

in, hold the bottom face of the bucket to 

the same height of the boom foot pin.

Record the dial gauge reading (h1).

Lower the bucket to the ground and use 

it to raise the front axle 50 cm.

Record the dial gauge reading (h2).

Calculate bearing play (H) from this data 

(h1 and h2) as follows.

 H=h2-h1

Evaluation

6)

(1)

(2)

(3)

The measured drift should be within the following specifications.
(4)

Measurement : h1

Measurement : h2

Model Standard Maximum allowable Remark

               0.5 ~ 1.2 2.4R60WVS RRO
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HYDRAULIC CYLINDER CYCLE TIMEHYDRAULIC CYLINDER CYCLE TIME

Measure the cycle time of the boom, 
standard arm, and standard bucket 
cylinders.

PreparationPreparation
To measure the cycle time of the boom 
cylinder. 
With the arm rolled out and the empty 
bucket rolled out, lower the bucket to the 
ground, as shown.
To measure the cycle time of the arm 
cylinder.
With the empty bucket rolled in, position 
the arm so that it is vertical to the ground.   
Lower the boom until the bucket is 0.5m 
above the ground.
To measure the cycle time of the bucket 
cylinder.
The empty bucket should be positioned 
at midstroke between roll-in and roll-out, 
so that the sideplate edges are vertical to 
the ground.
Keep the hydraulic oil temperature at 
50±5˚C.

MeasurementMeasurement
To measure cylinder cycle times.
Boom cylinder.
Measure the time it takes to raise the 
boom, and the time it takes to lower the 
boom.  To do so, position the boom at 
one stroke end then move the control 
lever to the other stroke end as quickly 
as possible.
Arm cylinder.
Measure the time it takes to roll in the 
arm, and the time it takes to roll out the 
arm.  To do so, position the bucket at one 
stroke end, then move the control lever 
to the other stroke end as quickly as 
possible.

7)7)

(1)

(2)(2)
①

②

③

④

(3)(3)
①

 -

-

0.5m

Raise

Lower

90

Roll in Roll out

0.5m

Roll in Roll out
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Bucket cylinders
Measure the time it takes to roll in the 
bucket, and the time it takes to roll out 
the bucket.  To do so, position the bucket 
at one stroke end, then move the control 
lever to the other stroke end as quickly 
as possible.
Repeat each measurement 3 times and 
calculate the average values.

EvaluationEvaluation

-

 -

The average measured time should meet the following specifications.
Unit : Seconds

(4)(4)

Model Function Standard Maximum allowable Remarks

Boom raise 2.5±0.3 3.0

Boom lower 2.2±0.3 3.3

Arm in 2.0±0.3 3.3

Arm out 2.2±0.3 3.2

Bucket load                         2.2±0.3 4.7

Bucket dump                      1.9±0.3 3.1

Boom swing (LH)             11.5±0.3 7.8

Boom swing (RH)            11.5±0.3 6.6

Dozer up (raise) 2.3±0.3 3.2

Dozer down (lower)            2.5±0.3 4.1

R60WVS RRO
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DIG FUNCTION DRIFT CHECKDIG FUNCTION DRIFT CHECK

Measure dig function drift, which can be 
caused by oil leakage in the control valve 
and boom, standard arm, and standard 
bucket cylinders, with the loaded bucket.
When testing the dig function drift just 
after cylinder replacement, slowly operate 
each cylinder to its stroke end to purge air.

PreparationPreparation
Load bucket fully.   Instead of loading the 
bucket, weight (W) of the following 
specification can be used.
W=M3×1.5
Where : 

 
 

Position the arm cylinder with the rod 20 
to 30 mm extended from the ful ly 
retracted position.
Position the bucket cylinder with the rod 
20 to 30 mm retracted from the fully 
extended position.
With the arm rolled out and bucket rolled 
in, hold the bucket so that the height of 
the bucket pin is the same as the boom 
foot pin.
Keep the hydraulic oil temperature at 
50±5˚C.

MeasurementMeasurement
Stop the engine.
Five minutes after the engine has been 
stopped, measure the changes in the 
positions of the boom, arm and bucket 
cylinders.
Repeat step ② three times and calculate 
the average values.

8)8)

(1)

(2)(2)
①

·

②

③

④

⑤

(3)(3)
①

②

③

The measured drift should be within the following specifications.

Unit : mm / 5min

(4)

Model Drift to be measured Standard Maximum allowable Remarks

Boom cylinder 10 below 20

Arm cylinder 20 below 30

Bucket cylinder 20 below 30

M3 =Bucket heaped capacity  (m3)
1.5=Soil specific gravity

R60WVS RRO
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Unit : kgf

CONTROL LEVER OPERATING FORCECONTROL LEVER OPERATING FORCE

Use a spring scale to measure the 
maximum resistance of each control lever 
at the middle of the grip.

PreparationPreparation
Keep the hydraulic oil temperature at 
50±5˚C.

MeasurementMeasurement
Start the engine.
Operate each boom, arm, bucket and 
swing lever at full stroke and measure 
the maximum operating force for each.
Repeat steps ② three t imes and 
calculate the average values.

EvaluationEvaluation

9)9)

(1)

(2)(2)
①

(3)(3)
①

②

③

The measured operating force should be within the following specifications.
(4)(4)

Model Kind of lever Standard Maximum allowable Remarks

Boom lever 1.4 or below 1.9

Arm lever 1.4 or below 1.9

Bucket lever 1.4 or below 1.9

Swing lever 1.4 or below 1.9

R60WVS RRO
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Unit : mm

CONTROL LEVER STROKECONTROL LEVER STROKE

Measure each lever stroke at the lever top 
using a ruler.
When the lever has play, take a half of this 
value and add it to the measured stroke.

PreparationPreparation
Keep the hydraulic oil temperature at 
50±5˚C.

MeasurementMeasurement
Stop the engine.
Measure each lever stroke at the lever 
top from neutral to the stroke end using a 
ruler.
Repeat step ② three times and calculate 
the average values.

EvaluationEvaluation

10)10)

(1)

※

(2)(2)

(3)(3)
①

②

③

The measured drift should be within the following specifications.
(4)(4)

Model Kind of lever Standard Maximum allowable Remarks

Boom lever   87±10 109

Arm lever   87±10 109

Bucket lever   87±10 109

Swing lever   87±10 109

R60WVS RRO
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PILOT PRIMARY PRESSUREPILOT PRIMARY PRESSURE

PreparationPreparation
Stop the engine.
Push the pressure release button to 
bleed air.
Loosen and remove plug on the pilot 
pump delivery port (A4) and connect 
pressure gauge.
Star t the engine and check for oil 
leakage from the port.
Keep the hydraulic oil temperature at 
50±5˚C.

MeasurementMeasurement
Measure the primary pilot pressure at 
rated rpm.

EvaluationEvaluation

11)11)

(1)(1)

(2)(2)
①

①

②

③

④

⑤

The average measured pressure should meet the following specifications:

Unit : kgf / cm2

(3)(3)

Model Standard Remark

                ±5R60WVS RRO 35

B

Screw coupling

Main pump

S
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D

E
Pressure
gauge

Turning
joint

PreparationPreparation
Stop the engine.
Push the pressure release button to 
bleed air.
To measure the speed selecting pressure:
Install a connector and pressure gauge 
assembly to turning joint D, E port as 
shown.
Star t the engine and check for on 
leakage from the adapter.
Keep the hydraulic oil temperature at 
50±5˚C.

MeasurementMeasurement
Lower the bucket and dozer blade to the 
ground to raise the tires off the ground.
Select the following switch positions.
Parking switch : OFF
Measure the travel speed selecting 
pressure in the Hi or Lo position.
Operate the travel speed switch turns to 
the high or low position and measure the 
port D (high) or E (low) pressure.
Repeat steps ③ three t imes and 
calculate the average values.

EvaluationEvaluation

FOR TRAVEL SPEED SELECTING PRESSURE:FOR TRAVEL SPEED SELECTING PRESSURE:

(1)(1)
①

②

③

④

⑤

(2)(2)
①

②

③

④

⑤

The average measured pressure should be within the following specifications.

Unit : kgf / cm2

12)12)

(3)(3)

Model Travel speed mode
Standard

Maximum allowable Remarks
D port E port

Low speed - ±5 -

High speed ±5 - -
R60WVS RRO

35

35
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Pressure
gauge

SH

Swing motor

PreparationPreparation
Stop the engine.
Push the pressure release button to 
bleed air.
Install a connector and pressure gauge 
assembly to swing motor SH port, as 
shown.
Star t the engine and check for oil 
leakage from the adapter.
Keep the hydraulic oil temperature at
50±5˚C.

MeasurementMeasurement
Operate the swing function or arm roll in 
function and measure the swing brake 
cont ro l pressure wi th the brake 
disengaged.  Release the control lever to 
return to neutral and measure the control 
pressure when the brake is applied.
Repeat three times and calculate the 
average values.

EvaluationEvaluation

(1)(1)
①

②

③

④

⑤

(2)(2)
①

②

The average measured pressure should be within the following specifications.
Unit : kgf / cm2

SWING PARKING BRAKE RELEASING PRESSURESWING PARKING BRAKE RELEASING PRESSURE13)13)

(3)(3)

Model Description Standard Remarks

Brake disengaged 30±10

Brake applied 0
R60WVS RRO
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MAIN PUMP DELIVERY PRESSUREMAIN PUMP DELIVERY PRESSURE

PreparationPreparation
Stop the engine.
Push the pressure release button to 
bleed air.
To measure the main pump pressure.
Install a connector and pressure gauge 
assembly main pump gauge port (1G, 
2G) as shown.
Star t the engine and check for oil 
leakage from the port.
Keep the hydraulic oil temperature at 
50±5˚C.

MeasurementMeasurement
Measure the main pump delivery 
pressure at high idle.

EvaluationEvaluation

14)14)

(1)(1)

(2)(2)
①

①

②

③

④

⑤

The average measured pressure should meet the following specifications.

Unit : kgf / cm2

(3)(3)

Model Engine speed Standard Allowable limits Remarks

                High ilde 20±5 -R60WVS RRO

B

Screw coupling

Main pump

S
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PreparationPreparation
Stop the engine.
Push the pressure release button to 
bleed air.
To measure the system relief pressure.
Install a connector and pressure gauge 
assembly main pump gauge port, as 
shown.
Star t the engine and check for oil 
leakage from the port.
Keep the hydraulic oil temperature at 
50±5˚C.

MeasurementMeasurement
Slowly operate each control lever of 
boom, arm and bucket functions at full 
stroke over relief and measure the 
pressure.
In the swing function, place bucket 
against an immovable object and 
measure the relief pressure.
In the travel function, lock undercarriage 
with an immovable object and measure 
the relief pressure.

EvaluationEvaluation

(1)(1)
①

②

③

④

⑤

(2)(2)
①

②

③

The average measured pressure should be within the following specifications.
Unit : kgf / cm2

SYSTEM PRESSURE REGULATOR RELIEF SETTINGSYSTEM PRESSURE REGULATOR RELIEF SETTING15)15)

(3)(3)

Model Function to be tested Standard

Boom, Arm, Bucket ±10

Travel ±10

Swing ±10

R60WVS RRO

260

230

230

B

Screw coupling

Main pump

S
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GROUP  2  MAJOR COMPONENTGROUP  2  MAJOR COMPONENT

1. MAIN PUMP1. MAIN PUMP
Before inspection, wash the parts well and dry them completely.
Inspect the principal parts with care and replace them with new parts when any abnormal wear
exceeding the allowable limit or damage considered harmful is found.
Replace the seal also when any remarkable deformation and damage are found.

PISTON SHOE AND PISTONPISTON SHOE AND PISTON
Check the axial play of the piston and 
piston shoe.
ε ≤ 0.2 mm

PISTON ASSEMBLY AND CYLINDER PISTON ASSEMBLY AND CYLINDER 
BLOCKBLOCK

Check the appearance visually.
No damage, scouring, abnormal wear 
(particularly, in the slide portion) should 
be found.

Check the clearance between the piston 
outside dia and cylinder block inside dia.
D-d ≤ 0.050 mm

R55NM7PH46

SHAFTSHAFT
Check the wear amount of the oil seal 
mounting section.
Wear mount ≤ 0.025 mm

1)1)

2)2)

3)3)

(1)

(2)

(1)

(1)

ε

d D

R55NM7PH47
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CONTROL PLATECONTROL PLATE
Check the slide surface for any damage.
When the damage is large, replace the 
plate with new one.

GUIDE AND RETAINERGUIDE AND RETAINER
Check for scouring or stepped wear.  
If this can not be corrected, replace the 
guide and retainer with new full-set.

Fine scour ing or damage can be 
corrected with lapping.
Carry out thorough washing after lapping.

5)5)
(1)

(2)

4)4)
(1)

R55NM7PH48

R55NM7PH49
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2. MAIN CONTROL VALVE2. MAIN CONTROL VALVE

Part name Inspection item Criteria & measure

Block ·Existence of scratch, rusting or corrosion. · In case of damage in following section,
replace part.

-  Sliding sections of casing fore and spool,
especially land sections applied with holded
pressure.

- Seal pocket section where spool is inserted.
- Seal section of port where O-ring contacts.
-  Seal section of each relief valve for main,

travel, and port.
-  Other damages that may damage normal

functions.

Spool · Existence of scratch, gnawing, rusting or
corrosion.

·O-ring seal sections at both ends.

· Insert spool in casing hole, rotate and
reciprocate it.

· Replacement when its outside sliding section
has scratch (especially on seals-contacting
section). 

· Replacement when its sliding section has
scratch.

· Correction or replacement when O-ring is
damaged or when spool does not move
smoothly.

Poppet ·Damage of poppet or spring

·Insert poppet into casing and function it.

· Correction or replacement when sealing is
incomplete.

· Normal when it can function lightly without
being caught.

Around  spring · Rusting, corrosion, deformation or breaking
of spring, spring seat, plug or cover.

·Replacement for significant damage.

Around seal 
for spool

·External oil leakage.

· Rusting, corrosion or deformation of seal
plate.

·Correction or replacement.

·Correction or replacement.

Main relief valve & 
port relief valve

·External rusting or damage.

·Contacting face of valve seat.

·Contacting face of poppet.

·Abnormal spring.

·O-rings, back up rings and seals.

·Replacement.

·Replacement when damaged.

·Replacement when damaged.

·Replacement.

·100% replacement in general.
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Inspection item
Standard

dimension

Recommended 
replacement

value
Counter measures

Clearance between piston and cylinder block bore 0.020 0.045
Replace piston or 

cylinder block

Play between piston and shoe caulking section ( ) 0 0.3
Replace assembly 

of piston and shoe

Thickness of shoe (t) 4 3.8
Replace assembly 

of piston and shoe

Combined height of set plate and guide (H) 17.4 17
Replace set of set 

plate and guide

Thickness of friction plate 3.6 3.2 Replace

3. SWING DEVICE

WEARING PARTS1)

SLIDING PARTS2)

H

Part name Standard roughness Remark

Shoe 0.8S

Shoe plate 0.8S

Cylinder 0.8S

Valve plate 0.8S

t
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4. TRAVEL MOTOR

Free of corrosion, erosion or fretting; no 
damage to splines or keyways.

1)

PistonsPistons
No scoring and no pittings.

2)2)

14W7TM052

14W7TM053

Center pinCenter pin
No scoring and no pittings.

3)3)

14W7TM054

Retaining plateRetaining plate
No scoring and no evidence of wear.

4)4)

14W7TM055
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Cylinder block/control lensCylinder block/control lens

Bores free of scoring, no evidence of 
wear.
Faces smooth and even, free of cracks 
and scoring.

5)5)

14W7TM056

Control housingControl housing
Sliding surface and side guides free of 
scoring and no wear.

6)6)

14W7TM057

Visual checkVisual check
Bearing areas free of scoring and no 
evidence of wear.

7)7)

14W7TM058

①

② 
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5. RCV LEVER

Maintenance
check item

Criteria Remark

Leakage The valve is to be replaced when the leakage becomes 

more than 1000 cc/m at neutral handle position, or more 

than 2000 cc/m during operation.

Conditions :

Primary pressure : 30 kgf/cm2

Oil viscosity : 23 cSt

Spool This is to be replaced when the sliding surface has worn 

more than 10 μm, compared with the non-sliding 

surface.

The leakage at the left condition is 

estimated to be nearly equal to the 

above leakage.

Push rod

This is to be replaced when the top end has worn more 

than 1mm.

Play at operating 

section

The pin, shaft, and joint of the operating section are to 

be replaced when their plays become more than 2 mm 

due to wears or so on.

When a play is due to looseness of a 

tightened section, adjust it.

Operation stability When abnormal noises, hunting, primary pressure drop, 

etc.  are generated during operation, and these cannot 

be remedied, referring to section 6 troubleshooting, 

replace the related parts.

Notes    1.  It is desirable  to replace seal materials, such as O-rings, every disassembling.   However, they may be 

reused, after being confirmed to be free of damage.

          

Ø7

1 mm
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6. ACCELERATOR PEDAL

Notes    1.   It is desirable to replace seal materials, such as O-rings, every disassembling.   However, they may be 

reused, after being confirmed to be free of damage.

Maintenance
check item

Criteria Remark

Leakage The valve is to be replaced when the leakage effect to 

the system.   For example, the primary pressure drop.

Conditions :

Primary pressure : 30 kgf/cm2

Oil viscosity : 23 cSt

Spool This is to be replaced when the sliding surface has worn 

more than 10μ m, compared with the non-sliding 

surface.

The leakage at the left condition is 

estimated to be nearly equal to the 

above leakage.

Push rod

This is to be replaced when th top end has worn more 

than 1mm.

Play at operating 

section

The pin, shaft, and joint of the operating section are to 

be replaced when their plays become more than 2mm 

due to wears or so on.

When a play is due to looseness of a 

tightened section, adjust it.

Operation stability When abnormal noises, hunting, primary pressure drop, 

etc.  are generated during operation, and these cannot 

be remedied, referring to section 6 troubleshooting, 

replace the related parts.

Ø7

1 mm
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7. TURNING JOINT

Part name Maintenance standards Remedy

Body,
Stem

Sliding surface with 
sealing sections

Plating worn or peeled due to seizure or contamination Replace

Sliding surface 
between body and 
stem other than 
sealing section

· Worn abnormality or damaged more than 0.1 mm 
(0.0039 in) in depth due to seizure contamination

Replace

· Damaged more than 0.1 mm (0.0039 in) in depth Smooth with oilstone

Sliding surface with 
thrust plate

· Worn more than 0.5 mm (0.02 in) or abnormality Replace

· Worn less than 0.5 mm (0.02 in) Smooth

· Damage due to seizure or contamination remediable 
within wear limit (0.5 mm) (0.02 in)

Smooth

Cover

Sliding surface with 

thrust plate 

· Worn more than 0.5 mm (0.02 in) or abnormality Replace

· Worn less than 0.5 mm (0.02 in) Smooth

· Damage due to seizure or contamination remediable 
within wear limit (0.5 mm) (0.02 in)

Replace

Seal set

-

· Extruded excessively from seal groove square ring Replace

-

· Slipper ring 1.5 mm (0.059 in) narrower than seal 
groove, or narrower than back ring

Replace

-

· Worn more than 0.5 mm (0.02 in)~1.5 mm (MAX)

                                                                 (0.059 in)

Replace

Square ring
Extrusion

1.5 mm (max)
(0.059 in)
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8. CYLINDER

Part name Inspecting section Inspection item Remedy

Piston rod · Neck of rod pin · Presence of crack · Replace

· Weld on rod hub · Presence of crack · Replace

· Stepped part to which piston is 
attached

· Presence of crack · Replace

· Threads · Presence of crack · Recondition or replace

· Plated surface · Plating is not worn off to base 
metal
Rust is not present on plating

Scratches are not present

·

·

·

Replace or replate

Replace or replate

Recondition, replate or replace

· Rod · Wear of O.D. · Recondition, replate or replace

Cylinder tube · Bushing at mounting part · Wear of I.D. · Replace

· Weld on bottom · Presence of crack · Replace

· Weld on head · Presence of crack · Replace

· Weld on hub · Presence of crack · Replace

· Tube interior · Presence of faults · Replace if oil leak is seen

· Bushing at mounting part · Wear on inner surface · Replace

Gland · Bushing · Flaw on inner surface · Replace if flaw is deeper than 
coating
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9. WORK EQUIPMENT

Unit : mm

ABCDEF

G H KI J N OL M 559A6MC01

Mark
Measuring point
(pin and bushing)

Normal
value

Pin Bushing
Remedy

&
Remark

Recomm. 
service

limit

Limit 
of use

Recomm.
service

limit

Limit 
of use

A Boom Rear 50 49 48.5 50.5 51 Replace

B Boom Cylinder Head 60 59 58.5 60.5 61 〃

C Boom Cylinder Rod 60 59 58.5 60.5 61 〃

D Arm Cylinder Head 50 49 48.5 50.5 51 〃

E Boom Front 50 49 48.5 50.5 51 〃

F Arm Cylinder Rod 50 49 48.5 50.5 51 〃

G Bucket Cylinder Head 45 44 43.5 45.5 46 〃

H Arm Link 45 44 43.5 45.5 46 〃

I Bucket and Arm Link 45 44 43.5 45.5 46 〃

J Bucket Cylinder Rod 45 44 43.5 45.5 46 〃

K Bucket Link 45 44 43.5 45.5 46 〃

L Boom swing post 110 109 108.5 110.5 111 〃

M Boom swing cylinder 50 49 48.5 50.5 51 〃

N Blade cylinder 55 54 53.5 55.5 56 〃

O Blade and frame link 35 34 33.5 35.5 36 〃
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1. REMOVAL WORK1. REMOVAL WORK

Lower the work equipment completely to the ground.
If the coolant contains antifreeze, dispose of it correctly.

After disconnecting hoses or tubes, cover them or fit blind plugs to prevent dirt or dust from entering.

When draining oil, prepare a container of adequate size to catch the oil.

Confirm the match marks showing the installation position, and make match marks in the 
necessary places before removal to prevent any mistake when assembling.

To prevent any excessive force from being applied to the wiring, always hold the connectors when 
disconnecting the connectors.

Fit wires and hoses with tags to show their installation position to prevent any mistake when 
installing.

Check the number and thickness of the shims, and keep in a safe place.

When raising components, be sure to use lifting equipment of ample strength.

When using forcing screws to remove any components, tighten the forcing screws alternately.

Before removing any unit, clean the surrounding area and fit a cover to prevent any dust or dirt 
from entering after removal.

When removing hydraulic equipment, first release the remaining pressure inside the hydraulic tank 
and the hydraulic piping.

If the part is not under hydraulic pressure, the following corks can be used.

SECTION   7  DISASSEMBLY AND ASSEMBLYSECTION   7  DISASSEMBLY AND ASSEMBLY
GROUP  1  PRECAUTIONSGROUP  1  PRECAUTIONS

1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

Taper 1/8
øD

L

ød

Nominal 
number

Dimensions

D d L

06 6 5 8

08 8 6.5 11

10 10 8.5 12

12 12 10 15

14 14 11.5 18

16 16 13.5 20

18 18 15 22

20 20 17 25

22 22 18.5 28

24 24 20 30

27 27 22.5 34
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2. INSTALL WORK2. INSTALL WORK

Tighten all bolts and nuts (sleeve nuts) to the specified torque.

Install the hoses without twisting or interference.

Replace all gaskets, O-rings, cotter pins, and lock plates with new parts.

Bend the cotter pin or lock plate securely.

When coating with adhesive, clean the part and remove all oil and grease, then coat the threaded 
portion with 2-3 drops of adhesive.

When coating with gasket sealant, clean the surface and remove all oil and grease, check that 
there is no dirt or damage, then coat uniformly with gasket sealant.

Clean all parts, and correct any damage, dents, burrs, or rust.

Coat rotating parts and sliding parts with engine oil.

When press fitting parts, coat the surface with antifriction compound (LM-P).

After installing snap rings, check that the snap ring is fitted securely in the ring groove (check that 
the snap ring moves in the direction of rotation).

When connecting wiring connectors, clean the connector to remove all oil, dirt, or water, then 
connect securely.

When using eyebolts, check that there is no deformation or deterioration, and screw them in fully.

When tightening split flanges, tighten uniformly in turn to prevent excessive tightening on one side.

When operating the hydraulic cylinders for the first time after repairing and reassembling the 
hydraulic cylinders, pumps, or other hydraulic equipment or piping, always bleed the air from the 
hydraulic cylinders as follows:

Start the engine and run at low idling.

Operate the control lever and actuate the hydraulic cylinder 4-5 times, stopping 100 mm before the 
end of the stroke.

Next, operate the piston rod to the end of its stroke to relieve the circuit. (The air bleed valve is 
actuated to bleed the air.)

After completing this operation, raise the engine speed to the normal operating condition.
If the hydraulic cylinder has been replaced, carry out this procedure before assembling the rod to 
the work equipment.
Carry out the same operation on machines that have been in storage for a long time after 
completion of repairs.

10)

11)

12)

13)

14)

1)

2)

3)

4)

5)

6)

7)

8)

9)

(1)

(2)

(3)

(4)
※

※
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3. COMPLETING WORK3. COMPLETING WORK

If the coolant has been drained, tighten the drain valve, and add water to the specified level.   Run 
the engine to circulate the water through the system.    Then check the water level again.

If the hydraulic equipment has been removed and installed again, add engine oil to the specified 
level.    Run the engine to circulate the oil through the system. Then check the oil level again.

If the piping or hydraulic equipment, such as hydraulic cylinders, pumps, or motors, have been 
removed for repair, always bleed the air from the system after reassembling the parts.

Add the specified amount of grease (molybdenum disulphied grease) to the work equipment 
related parts.

1)

2)

3)

4)
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1. MAJOR COMPONENTS1. MAJOR COMPONENTS

GROUP  2  TIGHTENING TORQUEGROUP  2  TIGHTENING TORQUE

No. Descriptions Bolt size
Torque

kgf·m lbf·ft

1

Engine

Engine mounting bolt (engine-Bracket) M10 × 1.5      6.9±1.0      50±7.2

2 Engine mounting bolt (bracket-Frame) M16 × 2.0       25±2.5    181±18.1

3 Radiator mounting bolt, nut M10 × 1.5      6.9±1.4      50±10.0

4 Cooling fan mounting bolt M 8  × 1.25      1.8±0.2      13±1.4

5 Coupling mounting bolt M10 × 1.5      6.0±1.0   43.4±7.2

6

Hydraulic
system

Main pump mounting bolt M12 × 1.75    12.3±3.0      92±22.0

7 Main control valve mounting bolt M 8  × 1.25     2.5±0.5      18±3.6

8 Travel motor mounting bolt M12 × 1.75    14.7±2.2    106±15.9

9 Fuel tank mounting bolt M16 × 2.0    29.7±4.5    215±33

10 Hydraulic oil tank mounting bolt M16 × 2.0    29.7±4.5    215±33

11 Turning joint mounting bolt, nut M12 × 1.75    14.7±2.2    106±16.0

12

Power
train

system

Swing motor mounting bolt M16 × 2.0    29.7±4.5    215±33.0

13 Swing bearing upper mounting bolt M16 × 2.0    29.7±4.5    215±33.0

15 Swing bearing lower mounting bolt M16 × 2.0    29.7±4.5    215±33.0

16 Front axle mounting bolt, nut M16 × 2.0    29.7±4.5    215±33.0

17 Rear axle mounting bolt, nut M16 × 2.0    29.7±4.5    215±33.0

18 Gear box mounting bolt M14 × 2.0    19.6±2.9    142±21.0

19 Oscillating cylinder mounting bolt M16 × 2.0    29.7±4.5    215±33.0

20 Oscillating cylinder support bolt M12 × 1.75    12.8±3.0   92.6±22.0

21 Wheel nut M18 × 1.5    46.0±3.0    333±22.0

22 Front drive shaft mounting bolt, nut M10 × 1.25      7.4±1.5   53.5±11.0

23 Rear drive shaft mounting bolt, nut M10 × 1.25      7.4±1.5   53.5±11.0

24

Others

Counterweight mounting bolt M20 × 2.5    57.8±6.4    418±46.3

25 Cab mounting bolt, nut M12 × 1.75    12.8±3.0      92±22.0

26 Operator's seat mounting bolt M  8 × 1.25    1.17±0.1     8.5±0.7



7-5

2. TORQUE CHART2. TORQUE CHART

Use following table for unspecified torque.

Fine threadFine thread

BOLT AND NUTBOLT AND NUT

Coarse threadCoarse thread(1)(1)

1)1)

(2)(2)

Bolt size
8T 10T

kg·m lb·ft kg·m lb·ft

 M  6×1.0 0.85 ~ 1.25 6.15 ~ 9.04 1.14 ~ 1.74           8.2 ~ 12.6

   M  8×1.25 2.0 ~ 3.0 14.5 ~ 21.7 2.7 ~ 4.1 19.5 ~ 29.7

 M10×1.5 4.0 ~ 6.0 28.9 ~ 43.4 5.5 ~ 8.3         39.8 ~ 60

   M12×1.75            7.4 ~ 11.2 53.5 ~ 81.0           9.8 ~ 15.8         70.9 ~ 114

 M14×2.0 12.2 ~ 16.6  88.2 ~ 120 16.7 ~ 22.5 121 ~ 163

 M16×2.0 18.6 ~ 25.2 135 ~ 182 25.2 ~ 34.2 182 ~ 247

 M18×2.5 25.8 ~ 35.0 187 ~ 253 35.1 ~ 47.5 254 ~ 344

 M20×2.5 36.2 ~ 49.0 262 ~ 354 49.2 ~ 66.6 356 ~ 482

 M22×2.5 48.3 ~ 63.3 349 ~ 458 65.8 ~ 98.0 476 ~ 709

 M24×3.0 62.5 ~ 84.5 452 ~ 611 85.0 ~ 115 615 ~ 832

 M30×3.0 124 ~ 168   898 ~ 1214 169 ~ 229 1223 ~ 1656

 M36×4.0 174 ~ 236 1261 ~ 1704 250 ~ 310 1808 ~ 2242

Bolt size
8T 10T

kg·m lb·ft kg·m lb·ft

M  8×1.0 2.2 ~ 3.4 15.9 ~ 24.6 3.0 ~ 4.4  21.7 ~ 31.8

M10×1.2 4.5 ~ 6.7  32.5 ~ 48.5 5.9 ~ 8.9  42.7 ~ 64.4

  M12×1.25   7.8 ~ 11.6 56.4 ~ 83.9 10.6 ~ 16.0  76.7 ~ 116

M14×1.5 13.3 ~ 18.1 96.2 ~ 131 17.9 ~ 24.1 130 ~ 174

M16×1.5 19.9 ~ 26.9 144 ~ 195 26.6 ~ 36.0 192 ~ 260

M18×1.5 28.6 ~ 43.6 207 ~ 315 38.4 ~ 52.0 278 ~ 376

M20×1.5 40.0 ~ 54.0 289 ~ 391 53.4 ~ 72.2 386 ~ 522

M22×1.5 52.7 ~ 71.3 381 ~ 516 70.7 ~ 95.7 511 ~ 692

M24×2.0 67.9 ~ 91.9 491 ~ 665 90.9 ~ 123 658 ~ 890

M30×2.0 137 ~ 185   990 ~ 1339 182 ~ 248 1314 ~ 1796

M36×3.0 192 ~ 260 1390 ~ 1880 262 ~ 354 1894 ~ 2562



7-6

FITTINGFITTING4)4)

PIPE AND HOSE PIPE AND HOSE (FLARE type)2)2)

PIPE AND HOSE PIPE AND HOSE (ORFS type)3)3)

Thread size (PF) Width across flat (mm) kgf·m lbf·ft

1/4" 19 4 28.9

3/8" 22 5 36.2

1/2" 27 9.5 68.7

3/4" 36 18 130

1" 41 21 152

1-1/4" 50 35 253

Thread size (UNF) Width across flat (mm) kgf·m lbf·ft

9/16-18 19 4 28.9

11/16-16 22 5 36.2

13/16-16 27 9.5 68.7

1-3/16-12 36 18 130

1-7/16-12 41 21 152

1-11/16-12 50 35 253

Thread size Width across flat (mm) kgf·m lbf·ft

1/4" 19 4   28.9

3/8" 22 5   36.2 

1/2" 27 9.5   68.7

3/4" 36 18   130

1" 41 21  152

1-1/4" 50 35  253
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1. REMOVAL AND INSTALL OF MOTOR1. REMOVAL AND INSTALL OF MOTOR

REMOVAL REMOVAL 

Lower the work equipment to the ground 
and stop the engine.

Operate the control levers and pedals 
several times to release the remaining 
pressure in the hydraulic piping.

Loosen the breather slowly to release the 
pressure inside the hydraulic tank.
Escaping fluid under pressure can pen-Escaping fluid under pressure can pen-
etrate the skin causing serious injury.etrate the skin causing serious injury.
When pipes and hoses are disconnected, 
the oil inside the piping will flow out, so 
catch it in oil pan.

Disconnect hose assembly (2, 3).

Disconnect pilot line hoses (4, 5, 6, 7, 8).

Sling the swing motor assembly (1) and 
remove the swing motor mounting bolts 
(9).
·Motor device weight : 23 kg (51 lb)

Remove the swing motor assembly.
When removing the swing motor assem-
bly, check  that  all the  piping have  been 
disconnected.

INSTALLINSTALL

Carry out installation in the reverse order 
to removal.

Bleed the air from the swing motor.
Remove the air vent plug.
Pour in hydraulic oil until it overflows from 
the port.
Tighten plug lightly.
Start the engine, run at low idling and 
check oil come out from plug.
Tighten plug fully.

Confirm the hydraulic oil level and check 
the hydraulic oil leak or not.

1)1)

(1)

(2)

(3)

※

(4)

(5)

(6)

(7)
※

GROUP  3  SWING DEVICE

2)2)

(1)

(2)
①

②

③

④

⑤

(3)

A

B
Mu

2

3

199

PG

SH

RG

4

7

5

6

8
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2. DISASSEMBLY AND ASSEMBLY OF SWING MOTOR2. DISASSEMBLY AND ASSEMBLY OF SWING MOTOR

STRUCTURESTRUCTURE1)1)

2521 5 107 9 11 26 27 1328 15 12 32 31 17 24

294 6 8 3 14 30 16 22 33 34 41,42 20,21

39 40 2318

35 36 38 3719

 1 Body
 2 Oil seal
 3 Cylinder block
 4 Shaft
 5 Taper bearing
 6 Bushing
 7 Shoe plate
 8 Spring
 9 Set plate
 10 Piston shoe assy
 11 Ball guide
 12 Rear cover
 13 Pin
 14 O-ring

 15 Taper bearing
 16 Valve plate
 17 Relief valve assy
 18 Socket bolt
 19 Plug
 20 Plug
 21 O-ring
 22 Shim
 23 Plug
 24 Back up ring
 25 O-ring
 26 Friction plate
 27 Plate
 28 Parking piston

 29 O-ring
 30 Spring
 31 Time delay valve
 32 Socket bolt
 33 Plug
 34 O-ring
 35 Valve
 36 Spring
 37 Plug
 38 O-ring
 39 O-ring
 40 Back up ring
 41 Name plate
 42 Rivet
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DISASSEMBLY DISASSEMBLY 

Removal of relief valve assembly
Remove cap of relief valve assembly (17) 
with 14 mm hexagonal wrench.
Assemble removed relief valve assembly 
(17) to original state when reassembling.

Removal of make up valve and bypass 
valve assembly
Loosen plug (37) with 14mm hexagonal 
wrench, and remove check valve (35) and 
spring (36).

Marking at swing motor
Before disassembling motor, make a 
matching mark between cover (12) and 
housing (1) for easy reassembling.

(1)

※

2)2)

(2)

(3)

Remove mounting bolts of cover
Loosen hexagon socket bolt (18) with 12 
mm hexagonal wrench.

(4)
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Remove shim (22) remove inner race of 
needle bearing (15) by bearing puller.

Remove balance plateRemove balance plate
Valve plate (16) is adhered on end sur-
face of cylinder (3) by oil viscosity.   Take 
off balance plate (16) with hands.   
Assembling method of balance plate (16) 
depends on cover (12).
(band  groove and round groove of high· 
low pressure transmission area)
Before removing, check and record loca-
tion of balance plate (16) to prevent mis-
assembling.

Removal of cover assembly
Place shaft of motor assembly to down-
ward and take cover (12) out.

(5)

(6)

(8)(8)

Remove O-ring (29) from cover.(7)
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Removal of brake pistonRemoval of brake piston
When removing piston (28) from housing 
(1), there is a sliding resistance against 
tightening of O-rings (14,29).  Use tap 
hole on piston (28) as shown in the pic-
ture.

Remove O-rings (14,29) from piston (28) 
and housing (1).

Removal of spring (30, brake area)
Remove spring (30) from piston (28).
Check and record original position of 
each spring (30) for correct assembling.

(9)

(10)(10)

(11)

Remove friction plate (26) and lining plate 
(27) from housing (1).

(12)
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Separate outer race of taper roller bearing 
(5) from housing.

Removal of cylinder assemblyRemoval of cylinder assembly
Holding end of cylinder assembly (3) with 
hand, draw out cylinder assembly from 
housing.
Oil seal (2) and outer race of taper roller 
bearing (15) are left inside of housing.
End surface of cylinder (3) is sliding face.
So, protect the surface with a scrap of 
cloth against damage.
Make a matching mark on piston hole of 
cylinder (3) and piston assembly (10) to fit 
piston into the same hole when reassem-
bling. 

Removal of oil sealRemoval of oil seal
Remove oil seal (2) from housing (1) with 
driver and hammer.
Do not reuse oil seal after removal.

(15)(15)

※

(13)(13)

※

※

※

(14)
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Disassembly of cylinder assemblyDisassembly of cylinder assembly
Removal of inner race of taper roller 
bearing (5).
Lift out cylinder block (3) with 2 inner 
race of roller bearing (5) by applying gear 
puller at the end of spline in the cylinder.

Separate shoe plate (7), piston assembly 
(10), set plate (9) from cylinder block (3).

Get shoe plate (7) slide on sliding face of 
piston assembly (10) and remove it.
Be cautious not to damage on sliding 
face of cam plate.

Remove ball guide (11) from cylinder 
block (3).

This completes disassembly.

(16)(16)
①

②

③

※

④
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ASSEMBLY ASSEMBLY 

PreparationPreparation
Before reassembling, perform below pro-
cedure.
Check each part for damage caused by 
using or disassembling.  If damaged, 
eliminate damage by grinding with proper 
sandpaper, wash them with cleaning oil 
and dry with compressed air.
Replace seal with new one.
Grind sliding face of piston assembly 
(10), balance plate (16) and shoe plate   
(7) with sandpaper #2000.

①

②

③

When assembling, lubricate with speci-
fied clean hydraulic oil.
When assembling piston assembly (10) 
to piston hole of cylinder block (3), check 
matching mark between them.

3)3)

(1)(1)

④

⑤
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Cylinder assemblyCylinder assembly
Lubricate grease on round area (contact-
ing area withball guide (11)) of cylinder 
block (3) and assemble spring (4).

(2)(2)

Assemble piston assembly (10) and set 
plate (9) to cylinder block (3).  When assem-
bling, check matching mark between 
them.   Before assembling, lubricate 
specified hydraulic oil in piston hole of 
cylinder block (3).

Lubricate specified hydraulic oil on shoe 
sliding face of piston assembly (10) and 
assemble shoe plate (7).

Insert piston assembly (10) in hole of set 
plate (9).

①

②

③

④
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Assemble inner race of taper roller bear-
ing (5) to cylinder block (3).

Assemble bushing (6) to cylinder block 
(3).

Apply loctite to bearing mounting area of 
inner race of cylinder block (3) lightly.

Oil sealOil seal
Apply three bond of white color on outer 
surface of oil seal (2) and assemble and 
insert it.
Before assembling, lubricate lip of oil seal 
with grease.

⑤

⑥

⑦

(3)(3)

※
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Cylinder assemblyCylinder assembly
Hold end of cylinder assembly (3) with 
hands and assemble cylinder assembly to 
housing (1).  Be careful to prevent dam-
age of seal by spline of shaft.
When assemble cylinder assembly, spline 
shaft of cylinder is protruded from end of 
housing, therefore put pads with length 
30~50 mm under bottom of housing.

Assemble friction plate (26) and lining 
plate (27).
Lubricate specified hydraulic oil on each 
side.

Insert O-rings (14,29) into housing (1) 
and piston (28).
Lubricate O-ring with grease.

Assemble outer race of taper roller bear-
ing (5) to motor housing (1).

(4)

(5)(5)

※

(6)

※

(7)

※
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SpringSpring (30, brake unit)
Assemble spring (30) to piston (28) of 
brake unit.
Insert spring (30) into original position.

Brake pistonBrake piston
Lubricate specified hydraulic oil on outer 
sliding face of piston (28) and assemble 
brake piston to housing (1).
It is too tight to assemble piston (10) 
because O-rings (14,29) are fitted, there-
fore it is recommended to push piston 
(28) horizontally by hands at once.

(8)(8)

※

(9)(9)

※

Lubricate locating pin for antirotation of 
valve plate (16) of cover (12) with grease 
sufficiently and install locating pin to hous-
ing.

(10)

Balance plateBalance plate
Assemble valve plate (16) to cover (12).
Be cautious of assembling direction.

(11)(11)

※
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Assemble O-ring (29) to cover (12).
Lubricate O-ring with grease.

Apply three bond of white color to distin-
guish oil leakage from remaining oil in bolt 
hole of cover (12).

(13)
※

(14)

Assemble inner race of needle bearing 
(15) and shim (22) to cover (12).

(12)

CoverCover
Assemble cover (12) and valve plate (16) 
to housing (1) lightly, holding them up with 
hands.
When assembling, be careful not to 
detach valve plate (16) from cover (12).
Fit matching marks on housing (1) and 
cover (12) made before disassembling.

(15)(15)

※

※
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Make up valve Make up valve 
Assemble check (35) and spring (36) to 
cover (12) and tighten plug (37) with 14 
mm hexagonal socket bolt.
·Tightening torque : 14 kgf·m (101 lbf·ft)

Relief assemblyRelief assembly
Assemble relief valve assembly (17) to 
cover (12) with 14 mm hexagonal socket 
bolt.
·Tightening torque : 8 kgf·m (58 lbf·ft)
Be cautious of assembling method.

Tighten cover (12) and housing (1) with 
12 mm hexagonal socket bolt (18).
·Tightening torque : 16 kgf·m (116 lbf·ft)

(16)

(17)(17)

(18)(18)

※

Check of assemblyCheck of assembly
Load pilot pressure of 20 kgf/cm2 to brake 
release port after opening inlet and outlet 
port.
Check if output shaft is rotated smoothly 
around torque of 0.5~1 kgf·m.

  If not rotated, disassemble and check.

This completes assembly.

(19)(19)
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3. REMOVAL AND INSTALL OF REDUCTION GEAR3. REMOVAL AND INSTALL OF REDUCTION GEAR

REMOVALREMOVAL

Remove the swing motor assembly.
For details, see removal of swing motor 
assembly.

Sling reduction gear assembly (1) and 
remove mounting bolts (2).

Remove the reduction gear assembly. 
·Reduction gear device weight : 45 kg 
                                                                  (99 lb)

INSTALLINSTALL

Carry out installation in the reverse order 
to removal.
·Tightening torque : 10.5 kgf·m

      (76 lbf·ft) 1
2

(1)

(2)

(3)

1)1)

2)2)

(1)
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4. DISASSEMBLY AND ASSEMBLY OF REDUCTION GEAR4. DISASSEMBLY AND ASSEMBLY OF REDUCTION GEAR

STRUCTURESTRUCTURE1)1)

1225 31 4 6 14 15 8 17 13 11

9

16106 7

 1 Pinion shaft
 2 Plate
 3 Taper bearing
 4 Case
 5 Collar No.1
 6 Plug

 7 Sun gear No.2
 8 Taper bearing
 9 Sun gear No.1
 10 Carrier assy No.1
 11 Ring gear
 12 Carrier assy No.2

 13 Pin
 14 Oil seal
 15 Plug
 16 Socket bolt
 17 Collar No.2
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DISASSEMBLYDISASSEMBLY

Remove the plug (15) and drain out gear 
oil.

(1)

15

Remove the No.1 sun gear (9).(2)
9

2)2)

Remove the No.1 carrier sub-assembly 
(10) using the jig.

(3)
10

Remove the No.2 sun gear (7).

Pay attention to ensure the gear is not 
damaged during disassembling.

(4)

※
7
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Remove the No.2 carrier sub assembly 
(12).

(5)

12

Remove the ring gear by the removal 
groove between the ring gear (11) and 
casing (4) by using jig.
Full out the knock pin (13).
Do not need to remove the knock pin (13) 
if it is not worn or damaged.

(6)

13

4

11

Put it on the working table with the drive 
shaft up.

(7)

Disassemble the drive shaft (1) with 
bearing (3) by using jig.

(8)

3

1
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5

ASSEMBLING SWING REDUCTION 

GEAR

Place the case (4) on the reversing 
machine having the flange side of the 
case up.

(1)

4

Install shaft assembly (1) into case (4).
Be sure to clean the case before install, 
us ing washing machine wi th the 
temperature of 80˚C
Do not install shaft assembly by force.

(2)
※

※ 3

1

3)

Reverse case and press to insert oil seal 
(5) by using pressing jig after spreading 
grease oil around the outside ring of the 
seal and bearing. 
Coat grease oil slightly on the lip surface 
to prevent any scratch when installing.
Be sure to check by eye that the oil seal is 
seated completely after being installed.

(3)

※

Packing liquid
(TH1105)

Clean the assembling surface of case and 
spread packing liquid (TH1105) as shown 
in figure.

(4)
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13

4

11

Place ring gear on the case by matching it 
with knock pin hole.

Insert 2 knock pins by using jig.
Be sure to check the hole location of oil 
gage before inserting.

(5)

(6)
※

15

Screw drain plug into drain plug (15) after 
winding sealing tape.

(7)

12

Mount No.2 carrier assembly (12) in the 
case sub assembly and install bolts into 2 
TAP holes (M6) as shown in figure.
Turn the carrier slowly by hand to adjust 
the matching holes when assembling.

(8)

※

7
Install No.2 sun gear (7).
Be sure to check the direction of sun gear 
(7) when assembling.

(9)
※
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10

Mount No.1 carrier assembly (10) in the 
case sub assembly and install bolts into 2 
TAP holes (M6) as shown in figure.
Turn the carrier slowly by hand to adjust 
the matching holes when assembling.

(10)

※

9
Assemble No.1 sun gear (9).(11)
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1.  REMOVAL AND INSTALL1.  REMOVAL AND INSTALL

REMOVALREMOVAL 

Lower the work equipment to the ground 
and stop the engine.

Operate the control levers and pedals 
several times to release the remaining 
pressure in the hydraulic piping.

Loosen the breather slowly to release the 
pressure inside the hydraulic tank.
Escaping fluid under pressure can Escaping fluid under pressure can 
penetrate the skin causing serious penetrate the skin causing serious 
injury.injury.

Loosen the socket stud (1) and remove 
the pipe assy (2).

Disconnect hoses (3,4,5).

Loosen the hex bolt (6) and remove travel 
motor (7).
·Weight : 80 kg (180 lb)
When removing the t rave l motor 
assembly, check that all the hoses have 
been disconnected.

INSTALLINSTALL 

Carry out installation in the reverse order           
to removal.

Confirm the hydraulic oil level and check 
the hydraulic oil leak or not.

GROUP  4  TRAVEL MOTOR

1)1)

2)2)

(1)

(2)

(3)

(4)

(5)

(6)

※

(1)

(2)

1

Gear pump

2

2

3
4

5

6

7
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2.  STRUCTURE2.  STRUCTURE
MOTOR UNITMOTOR UNIT

1 22 8 23 24 13 26 5 1229

9 11 10 20 21 25 28 30 31 17 32 331827

 1 Drive shaft
 5 Housing
 8 Locking screw
 9 Retaining ring
 10 Shaft seal ring
 11 Back up plate
 12 O-ring
 13 Locking screw

 17 Threaded pin
 18 Seal lock nut
 20 Retaining ring
 21 Back up plate
 22 Taper roller bearing
 23 Shim
 24 Taper roller bearing
 25 Retaining plate

 26 Piston
 27 Center pin
 28 Pan head screw
 29 Steel sealing ring
 30 Cylinder block
 31 Pressure spring
 32 Adjustment shim
 33 Control lens

1)1)
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CONTROL UNITCONTROL UNIT2)2)

20

15

16

28
34

50

29

21

19

23

2

7

26

32
24

4

8

5

33

1

64

65

63

60

55

56
57
58
59

61
62

51
52
53
54

66

67 68 70 69 71

 1 Control housing
 2 Cover
 4 Positioning piston
 5 Positioning trunnion
 7 Piston
 8 Threaded pin
 15 Socket head screw
 16 Socket head screw
 19 O-ring
 20 O-ring
 21 O-ring
 23 Socket head screw
 24 Square ring
 26 Cylinder pin

 28 Double break off pin
 29 Plug
 32 Double break off pin
 33 O-ring
 34 Locking screw
 50 Relief valve
 51 Adjusting bushing
 52 Cylinder pin
 53 Threaded pin
 54 Seal lock nut
 55 Pressure spring
 56 Spring collar
 57 Pressure spring
 58 O-ring

 59 Retaining ring
 60 Control piston
 61 Control bushing
 62 Retaining disc
 63 Locking screw
 64 Locking screw
 65 Double break off pin
 66 Socket head screw
 67 Cover
 68 Throttle screw
 69 Socket head screw
 70 O-ring
 71 Locking screw
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COUNTER-BALANCE VALVECOUNTER-BALANCE VALVE3)3)

29

19

27

26

25

24

23

22

21

19

1

25

26

28

28

2

3

4
5

6

7

1
2

3
4

5

6

7

16

11
10

9

20

17

18

17
14

13

12

13
14

15

 1 Valve poppet
 2 Pressure spring
 3 Poppet seat
 4 Valve poppet
 5 Pressure spring
 6 Locking screw
 7 O-ring
 9 Valve screw
 10 Ball
 11 Bushing

 12 Brake piston
 13 Valve bushing
 14 Throttle pin
 15 Valve screw
 16 Bolt
 17 Spring collar
 18 Pressure spring
 19 Housing
 20 Locking screw

 21 Locking screw
 22 Locking screw
 23 Socket screw
 24 Plug
 25 O-ring
 26 O-ring
 27 O-ring
 28 Locking screw
 29 D/Break OFF pin
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3. TIGHTENING TORQUE3. TIGHTENING TORQUE
The torques given are standard figures.   Any figures specifically described in the procedure has 
priority.

Page Item Size kgf·m lbf·ft

8-75

8 M22 × 1.5 6.1 44

13 M26 × 1.5 7.1 51

18 M12 7.0 50.9

28 M  6 × 20 1.4 10.3

8-76

15 M16 × 45 21.4 155

23 M14 × 25 13.8 99.5

34 M18 × 1.5 4.0 29

53 M  6 × 30 1.4 10.3

54 M6 1.0 7.4

63 M14 × 1.5 3.0 22

66 M  8 × 40 2.5 18.4

69 M12 × 35 12.2 88.4

71 M14 × 1.5 3.0 22
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4. DISASSEMBLY AND ASSEMBLY4. DISASSEMBLY AND ASSEMBLY

GENERAL PRECAUTIONSGENERAL PRECAUTIONS

DisassemblyDisassembly
Before disassembling the motor, check the items to be inspected and, for remedy against 
trouble, closely examine the nature of the trouble, so that the motor can be disassembled 
effectively.
To disassemble the motor, use the disassembling procedures described in section 2) and select 
a clean place.
Place a rubber or vinyl sheet or other such protective materials on your working bench to protect 
the surface of the motor to be serviced.
During disassembly, give a match mark to the mating surfaces of each part.
Arrange removed parts in order so that they will not become damaged or missing during 
disassembly.
Once seals have been disassembled, they should be replaced even if damage is not observed.
Have replacement seals ready on hand before starting your disassembling job.

AssemblyAssembly
Reassemble in a work area that is clean and free from dust and grit.
Handle parts with bare hands to keep them free of linty contaminants.
Repair or replace the damaged parts.
Each parts must be free of burrs its corners.
Do not reuse O-ring oil seal and floating seal that were removed in disassembly.
Provide the new parts.
Wash all parts thoroughly in a suitable solvent.
Dry thoroughly with compressed air.
Do not use the cloths.
When reassembling oil motor components of motor, be sure to coat the sliding parts of the motor 
and valve with fresh hydraulic oil. (NAS class 9 or above)
Use a torque wrench to tighten bolts and plugs, to the torque specified as follows.

1)1)

(1)(1)

(2)(2)

①

②

③

④

⑤

⑥

⑦

①

②

③

④

⑤

⑥
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SEAL KITS AND COMPONENT GROUPSSEAL KITS AND COMPONENT GROUPS
Observe the following notices when 
carrying out repair work at hydraulic 
aggregates.

2)2)

C lose a l l  po r t s o f t he hyd rau l i c 
aggregates.

Replace all seals.
Use only original hydromatik spare parts.

(1)

(2)

Check all seal and sliding surfaces for 
wear.
Rework of seal ing area f.ex. with 
abrasive paper can damage surface.

(3)

※
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Fill up hydraulic aggregates with hydraulic 
oil before start up.

(4)

Seal kit for drive shaft(5)

External seal kit.(6)

Housing.(7)
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Complete rotary group.(8)

Port plate with control piston.

Counter balance valve.

Relief valve / Make up check valve.

(10)

(11)

(9)
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When tightening, counterhold setting 
screw, then check setting height.

(2)

SEAL NUTSEAL NUT
Replace seal nut.
First measure and record setting height.

(1)
3)3)
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SEALING THE DRIVE SHAFTSEALING THE DRIVE SHAFT4)4)

Protecting the drive shaft.
Remove retaining ring and shim.

(1)

Screw in sheet metal screw into the holes 
fitted with rubber.
Pull out seal with pliers.

(2)

Press in shaft seal and shim with bush to 
stop.
Pay attention to pressing depth.Pay attention to pressing depth.

     * Mark for pressing depth.
   Assemble retaining ring.

(3)
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SEALING OF THE CONTROL PARTSSEALING OF THE CONTROL PARTS5)5)

Disassembly positionDisassembly position
Remove cover 1.

(1)(1)

1 O-ring
2 Input flow of oil control
3 Throttle pin
Installation position differs according to 
the control components.

※

1 Input flow of oil control
2 High pressure / Low pressure
3 High pressure / Low pressure
4 Leakage oil
5 Control piston

5
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Dimension X :  Note dimension (begin of 
regulation)

※

Disassembly position : Remove cover 2.
Attention spring load.

(2)
※

1 Check of O-ring

1 O-ring /  High pressure-small control 
position side

2 O-ring / Control pressure
3 O-ring / High pressure-check valve
4 O-ring / High pressure-check valve
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SEALING OF THE RELIEF VALVE / SEALING OF THE RELIEF VALVE / 
COUNTER BALANCE VALVECOUNTER BALANCE VALVE
·Remove counter balance valve
·Inspect
·O-ring

6)6)

Remove relief valve(1)

Inspect
O-ring

(2)

Remove counter-balance valve.
Inspect
O-ring

(3)
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DISASSEMBLY OF THE PORT PLATEDISASSEMBLY OF THE PORT PLATE
·Note dimension X
·Remove Qmin screw
·Swivel rotary group to zero P

7)7)

Port plate.
Mark position.   Loosen screws.
Removal.

(1)

Check O-ring.
Stick new O-ring with some grease.
Do not swivel rotary group.
Piston rings to hang out from the cylinder 
boring.

(2)
※

X
Qmin screw
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REMOVE OF THE POSIT IONING REMOVE OF THE POSIT IONING 
PISTONPISTON

8)8)

Loosen fixing screw.
Use only socket wrench.

(1)

Remove piston with piston ring.(2)

Warm up fixation screw *for positioning 
plug via boring (screw glued-to turn out).
Use new screw.
Precode coating.
Note tightening torque.

(3)

※
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Screw in threaded pin into center pin.
Fix the cylinder with disc and locknut.
M8×105ℓ

(1)

Press out rotary group.
If the bearings are used again do not hit 
on the drive shaft.

(2)
※

Stick control lens in sliding surface with 
grease.   Assembly in reversal order.
Mount port plate.
Rotary group vertical.

※

※

REMOVE ROTARY GROUPREMOVE ROTARY GROUP9)9)
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E X C H A N G I N G O F T H E ROTA RY E X C H A N G I N G O F T H E ROTA RY 
GROUPGROUP

Complete rotary group
Setting of hydraulic part necessary.

10)10)

Rotary groupRotary group
1   Mechanical part :  Adjust drive shaft 

with bearing
2   Hydraulic part : Adjustment necessary

Remove fixing screw (cylinder).
Remove cylinder.

(1)

Disassemble retaining plate.
Screws are glued.
Use Torx tools.

(2)
※

※

1

2

*
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INSPECTION INSTRUCTIONSINSPECTION INSTRUCTIONS

Free of corrosion, erosion or fretting; No 
damage to splines or keyways.

11)11)

PistonsPistons
No scoring and no pittings.

(2)(2)

Center pinCenter pin
No scoring and no pittings.

(3)(3)

Retaining plateRetaining plate
No scoring and no evidence of wear.

(4)(4)

(1)
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Cylinder block / Control lensCylinder block / Control lens
1     Bores free of scoring, no evidence of 

wear
2     Faces smooth and even, free of 

cracks and scoring

(5)(5)

Control housingControl housing
Sliding surface and side guides free of 
scoring and no wear.

(6)(6)

Visual checkVisual check
Bearing areas free of scoring and no 
evidence of wear.

(7)(7)
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ROTARY GROUP ASSEMBLYROTARY GROUP ASSEMBLY

Rotary group completely assembled 
ready for assembly.

12)12)

Place assembly sleeve.(2)

Warm up housing to 80˚C.(3)

Insert rotary group into housing to seat 
position.

(4)

(1)
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Insert rotary group into housing to seat 
position.

(5)

Fix zero position of cylinder with Qmax 

screw.
1     Disassemble cylinder fixing screw
2     Insert O-ring

(6) 1 2

ROTARY GROUP ADJUSTMENTROTARY GROUP ADJUSTMENT

Determine cylinder swivel range to max 
angle with screw.

13)13)

           *     Disc(2)

(1)
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Place centering disc.(3)

Mount measuring device.(4)

Check dimension X.(5)

ASSEMBLY OF THE PORT PLATEASSEMBLY OF THE PORT PLATE

Assemble port plate.
Take care of assembly design.
Tighten fixing screws with torque.

Set Qmin screw to dimension (*).

Assemble plug.

Remove assembly sleeve.

14)14)

(1)
※

(2)

(3)

(4)

*
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Assemble control components.(5)

Assemble cover.(6)

Assemble shaft seal, disc and safety ring.
Press in with assembly sleeve.
Take care of press in depth.

(7)

※

Assemble counter balance valve.(8)
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1.  REMOVAL AND INSTALL 1.  REMOVAL AND INSTALL 

REMOVALREMOVAL

Swing the work equipment 90。and lower                             
it completely to the ground.

Operate the control levers and pedals 
several times to release the remaining 
pressure in the hydraulic piping.

Loosen the breather slowly to release the 
pressure inside the hydraulic tank.
Escaping f luid under pressure can Escaping f luid under pressure can 
penetrate the skin causing serious injury.penetrate the skin causing serious injury.
When pipes and hoses are disconnected, 
the oil inside the piping will flow out, so 
catch it in oil pan.

Remove the propeller shaft mounting nuts 
(3).
·Tightening torque : 7.4±1.5 kgf· m

                                                   

Remove the travel motor mounting bolts (2).
·Tightening torque : 14.7±2.2 kgf· m

                                           

Remove the hoses (4).
 Fit blind plugs to the disconnected hoses.

Remove the mounting bolts (2), then 
remove the gear box (1) device assembly.
·Weight : 63 kg (140 lb)
·Tightening torque : 19.6±2.9 kgf· m 

                                                        

INSTALLINSTALL

Carry out installation in the reverse order 
to removal.

Bleed the air from the gear box.
Remove the air vent plug.
Pour in hydraulic oil until it overflows from 
the port.
Tighten plug lightly.
Start the engine, run at low idling, and 
check oil come out from plug.
Tighten plug fully.

Confirm the hydraulic oil level and check 
the hydraulic oil leak or not.

GROUP  5  GEAR BOX

Travel motor

2

2

Propeller
shaft 3

1 Propeller
shaft

4

2

1)1)

2)2)

(1)

(2)

(3)

※

(4)

(5)

(6)
※

(7)

(1)

(2)
①

②

③

④

⑤

(3)

(53.5±10.8 lbf·ft)

(53.5±10.8 lbf·ft)

(142±21 lbf·ft)



7-53

2.  INSTRUCTIONS 2.  INSTRUCTIONS 

The efficiency and continued operation of mechanical units depend on constant and correct 
maintenance and also on efficient repair work, should there be a break-down or malfunction.  The 
instructions in this manual have been based on a complete overhaul of the unit.  However, the 
mechanic must decide whether or not it is necessary to dismantle the individual components when 
only partial repair work is needed.  The manual provides a quick and sure guide which, with the use of 
photographs and diagrams illustrating the various phases of the operations, allows to perform 
accurate work to take place.
Therefore all the information needed for correct disassembly, the relative check and assembly of each 
individual component, has been written down.
In order to remove the different unit from the vehicle, the manuals provided by the vehicle 
manufacturer should be consulted.  In describing the following operations it is presumed that the unit 
has already been removed from the vehicle.

IMPORTANTIMPORTANT
Throughout the phases of repair or maintenance work it is advisable to use proper equipment such 
as : Trestles or supporting benches, plastic or copper hammers, appropriate levers, extractor and 
specific spanners or wrenches.  So that the work is facilitated and the working surfaces and the 
operators themselves are protected.  Before going on to disassemble the parts itis beat to 
thoroughly clean the unit, removing any encrusted or accumulated greases and then drain the oil 
through the oil-draining plug.

INTRODUCTORY REMARKSINTRODUCTORY REMARKS
All the disassembled mechanical units should be thoroughly cleaned with appropriate products and 
then restored or replaced if damage, wear, cracking or seizing have occurred.
In particular, thoroughly check the state of all moving parts (bearings, gear, crown wheel and 
pinion, shaft) and sealing parts (O-ring, oil shield) which are subject to major stress and wear.  In 
any case it is a disable to replace the seals every time a component is overhauled or repaired.  
During assembly the sealing rings must be lubricated on the sealing edge.  In the case of the crown 
wheel and pinion, replacement of one component requires the replacement of the other one.
During assembly the prescribed pre-loading and backlash of the parts must be maintained.

MAINTENANCE AND REPAIRMAINTENANCE AND REPAIR
We have compiled these instructions for maintenance and repair in order to facilitate any such work 
on the DANA components differential units and change units.  The drawings of any special tools 
required for maintenance and repair work can be bought directly from us.  Spare parts can be 
ordered either through the vehicle manufacturer or to us directly.

LUBRICANT SPECIFICATIONSLUBRICANT SPECIFICATIONS
SAE 85W-90 (API GL-5)

1)1)

2)2)

3)3)

4)4)
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3. COUNTER - REVOLUTION SENSOR3. COUNTER - REVOLUTION SENSOR

REPLACINGREPLACING

Undo the sensor adjuster screw lock nut 
and the counter-revolution sensor.

(1)

Replace the counter-revolution sensor if 
damaged.

Clean the sensor reading zone “A” every 
oil change and every malfunctioning.

(2)

※

Screw the counter-revolution sensor untill 
to the contact with the phonic end disk, 
then unloose the sensor 1/2 ~ 3/4 turn.
Tighten the lock nuts completely.

(3)

1)1)
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10

11
12

13
14

15
16

17
18

19

1
2

3

8

4

5
6
7

7

6

5

4

20

9

4. HYDRAULIC GEAR CONTROL 4. HYDRAULIC GEAR CONTROL 

DISASSEMBLYDISASSEMBLY1)1)

Remove the cap (1) from the gear 
selector.

(2)

Remove gear-in position switch (4), 
O-ring (5) and (7) and washer (7).

(1)



7-56

Remove the gear selector balls (3).(4)

Remove screws (8) on the gear control 
cylinder (9).

(5)

Remove the gear control cylinder (9).

Carefully remove all residue of loctite from 
the surfaces.

(6)

※

Use a magnet to remove the spring (2) 
from the gear selector.

(3)
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Remove the snap ring (12) securing the 
piston (13).

(7)

Remove the piston (13), complete with 
seals.

(8)

Remove the snap ring (12) securing the 
piston (13).

(9)

Remove the O-ring (15).(10)
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Use two levers to remove the bushing 
(16).

(11)

Remove the dust scraper ring (10) and 
the rod’s O-ring (11) from the gearshift 
cylinder (9).

The O-rings and the dust scraper ring 
must be replaced every time the unit is 
disassembled.

(12)

※
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ASSEMBLYASSEMBLY2)2)

Fit the new O-ring (11) on the gear 
selector rod (19).

Lubricate before installing.

(2)

※

Fit the rod’s O-ring (11) and the dust 
scraper ring (10) into the cylinder.

(1)
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Insert the snap ring (12).(4)

Fit the O-rings (15), (17), (18) on the 
guide bush (16) and lubricate rings.
Fit the bush (16) onto the gear selector 
rod (19).

(3)

Fit the O-rings (11), (14) onto the piston 
(13) and lubricate rings.
Fit the complete piston (15) onto the gear 
selector rod (20) and engage it by means 
of the snap ring (12).

(5)

Secure the piston (13) in position with the 
snap ring (12).

(6)
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Coat the coupling surface of the gearshift 
cylinder (9) with loctite 510; fit the cylinder 
on the gear selector rod (19).

Make sure that the sealant forms a 
continuous film around the locking holes.

(7)

※

Assembly the screws (8), spreading 
loctite 242 on screws.

(8)

Tighten screws (8) using a torque wrench 
set t ing of 4.89~5.4 kgf·m (35.4~          
39.1 lbf·ft).

(9)

Fit the gear selector balls (3).

Lubricate before installing.

(10)

※



7-62

Fit the gear selector springs.

Replace the springs (14) if they are 
weakened or bent.

(11)

※

Coat the dowel (1) with loctite 510 and 
screw it until it is level with the cylinder.

(12)

Fix the gear-in position switch (4) with 
washer (7) and O-ring (5), (6).
Tighten with torque wrench setting of 
3.57~5.09 kgf·m (25.8~36.9 lbf·ft).

(13)

Engage the 1st speed and verify with a 
control device (tester) that the switch 1st 
speed gives signal and that the switch 
2nd speed is disabled.
Repeat the operation on the switch 2nd 
speed.

(14)
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1

9

2 3 4

6
7 5

8

10 11

1213
14

16

39

15

17
18

19

33
3432

20

35

36
37

38 40

41 42

3 2

1

22

23

24
21

27

26

25

30
31

29

28

5. INTEGRATED REDUCTION GEAR5. INTEGRATED REDUCTION GEAR

DISASSEMBLYDISASSEMBLY1)1)

Unloose the nut (1) from the flange (3).(2)

Remove the gear control cylinder.
For more details, see : REMOVAL OF 
HYDRAULIC GEAR CONTROL

(1)
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Remove the phonic end disk (5).(4)

Remove the nut (1) and O-ring (2) and 
pull out the flange (3).

(3)

Remove screws (15) of the cover (40).(5)

Unloose the nut (10) from the flange (12).(6)
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Remove the nut (1) and O-ring (2) and 
pull out the flange (3).

(7)

Loosen and remove the check screws 
(42) of the cover (41).

(8)

Disjoin and remove the cover (41).

Carefully remove all residue of loctite from 
the surfaces.

(9)

※

Remove seal ring (31).

 Note down direction of installation.

(10)

※
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Disjoin and remove the cover (40).

 Carefully remove all residue of loctite from 
the surfaces.

(11)

※

Using an internal extractor, remove the 
bearing (29).

(12)

Remove gear (41).

 Note the correct mounting direction.

(13)

※

Remove the bearing (27) from the gear 
(41).

(14)
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Remove the snap ring (42).

Remove the baffle plate (32) and retainer 
screws (54).

(15)

(16)

Remove the lower shaft (24).(17)

Secure the lower shaft assembly to a 
hoist.
Remove the lower shaft assembly, 
complete with yoke and gearbox control 
rod.

(18)
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Remove the internal baffle plate (32).(19)

Remove yoke and gearbox control rod.
Check the yoke pads for wear.

Replace if worn.

(20)

※

Remove the snap ring (26) securing the 
synchroniser (25).

Take care not to bend the snap ring (26).

(21)

※

Remove the complete synchroniser (25).

Note the correct mounting direction.

(22)

※
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Repeat the operation on both sides.
Remove the snap ring (23) securing the 
gear (42).

Take care not to bend the snap ring (23).

(23)

※

Remove gear (42).

Note the correct mounting direction.

(24)

※

Remove the bearings (21) from the gear 
(42).

(25)

Remove the snap ring (22).(26)
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Remove the upper shaft (35).

Input shaftInput shaft
Mark the position between the motion 
entrace cover (10) and reduction gear 
cover (14); remove screws (9) from the 
motion entrace cover (10).

(27)

(28)(28)

Remove the cover by fixing the distance 
washers (12) onto the cover (10) itself.

Carefully remove all residue of loctite from 
the surfaces.

(29)

※

Remove seal ring (11).

Note down direction of installation.

(30)

※
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Remove the bearing (13) from the cover 
(14).

(31)

Loosen and remove the check screws (4) 
of the cover (6).

(32)

Disjoin and remove the cover (6).

Carefully remove all residue of loctite from 
the surfaces.

(33)

※

Remove the bearing (8) from the cover 
(14).

(34)
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Remove seal ring (7).

Note down direction of installation.

(35)

※
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ASSEMBLYASSEMBLY2)2)

Re-insert the new sealing ring (7) in the 
output cover (6).

Pay particular attention to the direction of 
assembly of the rings (7).

Lubricate the lip of the sealing ring with 
grease.

(1)

※
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Assembly the screws (4) spreading loctite 
242.
Tighten screws (4) using a torque wrench 
set t ing of 4.89~5.4 kgf·m (35.4~          
39.1 lbf·ft).

(4)

Using a normal tool insert the bearing (8).(2)

Assembly the cover (16) spreading loctite 
510 on planes.

(3)

Using a normal tool insert the bearing 
(13).

(5)
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Re-insert the new sealing ring (11) in the 
motion input cover (10).

Pay particular attention to the direction of 
assembly of the rings (11).

Lubricate the lip of the sealing ring with 
grease.

(6)

※

Zero the depth gauge between the cover 
surface and bearing contact surface.

(7)

Measure distance “A” between the 
surface and thrust block.

·Example : A = 0.50

(8)

Calculate thickness “S” of the shims by 
using this formula :
S = A - Y = S, where Y is the predefined 
axial backlash.
Y = backlash = 0.15 ± 0.35 mm
Example : S=A-Y=0.50-0.25=0.25 mm=S

Make up the appropriate pack of shims.

(9)
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Apply loctite 510 to the machined 
surfaces.
Assembly the cover (10) and shims (12).

(10)

Assembly the screws (9) spreading loctite 
242.
Tighten screws (9) using a torque wrench 
set t ing of 4.89~5.4 kgf·m (35.4~          
39.1 lbf·ft).

(11)

Install the drive side shaft (35) with a 
plastic hammer.

(12)

Fit the snap ring (22) in the gear (42).(13)
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Using a pusher of suitable diameter, fit the 
bearings (21).

Ensure that the bearing is seated 
securely.

(14)

※

Fit gear (42) onto the shaft (24).

Fit as originally mounted, using the 
markings made previously as reference.

Repeat the operation on both sides.
Secure the gear (42) in position with the 
snap ring (20), (23).

(15)

※

(16)

Fit the complete synchroniser (25).

Fit as originally mounted, using the 
markings made previously as reference.

(17)

※
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Secure the synchroniser (25) in position 
with the snap ring (26).

Check that the snap ring is seated 
correctly.

(18)

※

Fi t the gear selector yoke in the 
synchroniser (25).

(19)

Fit the internal baffle plate (32) in position.(20)

Secure the lower shaft assembly (24) to a 
hoist.
Install the lower shaft assembly (24), 
complete with yoke and gearbox control 
rod.

(21)
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Using a plastic hammer, install the lower 
shaft (24).

(22)

Spread loctite 270 on the screws and 
tighten to a torque of 0.97~1.07 kgf·m 
(7.02~7.74 lbf·ft).

(23)

Using a pusher of suitable diameter, fit 
gear (41) onto the shaft (24).

Fit as originally mounted, using the 
markings made previously as reference.

(24)

※

By hand install the bearing on the input 
shaft.
Reset a digital depth gauge between 
cover surface and bearing.

(25)
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Remove the bearing (75) from the input 
shaft (73).

(26)

Measure distance “B” between the cover 
surface and bearing contact surface.

·Example : B = 0.45

Calculate thickness “S2” of the shims by 
using this formula :
S2 = B - Y = S2, where Y is the predefi- 
ned axial backlash.

  Y = backlash = 0.15 ± 0.35 mm
Example : 

S2 = B-Y = 0.45 - 0.25 = 0.20 mm = S2

Make up the appropriate pack of shims.

(27)

(28)

Using a normal tool, push the bearing 
(36) and shims into its seat in the cover 
(40).

(29)
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Insert guide bushings (38), (39) .
Apply loctite 510 to the machined 
surfaces, Fit the cover (14) onto the 
casing (40) and align the pins (38), (39).

(30)

Tap the cover (14) gently with a mallet to 
seat correctly.

(31)

Spread loctite 242 on the screws (15).
Secure in position with the screws (15), 
tightening to a torque of 4.89~5.4 kgf·m 
(35.4~39.1 lbf·ft).

(32)
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Reset a centesimal digital depth gauge 
between calibrated blocks (whose known 
thickness is 30 mm) and output shaft.

(33)

Measure distance “C” between the output 
shaft and bearing thrust block.

·Example : C = 0.45

(34)

Calculate thickness “S3” of the shims by 
using this formula :
S3 = C - X = S3, where X is the predefi- 
ned axial backlash.
X = backlash = 0.15 ± 0.35 mm
Example : 

S3 = C-X = 0.45 - 0.25 = 0.20 mm = S3

Make up the appropriate pack of shims.

(35)
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Re-insert the new sealing ring (31) in the 
motion output cover (41).

Pay particular attention to the direction of 
assembly of the rings (31).

Lubricate the lip of the sealing ring with 
grease.

Using a pusher of suitable diameter, fit the 
bearing (29) into output shaft (24).

Ensure that the bearing is seated 
securely.

(37)

※

(36)

※

Measure distance “D” between cover 
surface and bearing.

(38)

Zero the depth gauge between calibrated 
blocks (whose known thickness is 30 mm) 
and bearing seat.

(39)
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Measure dimension “E” on the cover.(40)

Calculate thickness “S4” of the shims by 
using this formula :
S4 = (Dimension E - Dimension D) - X = 
S4, where X is the predefined axial 
backlash. 

 X = backlash = 0.15 ± 0.25 mm
Example : S4 = (E-D)-X = (3.85-3.40)-
0.20 = 0.25 mm =S4

Make up the appropriate pack of shims.

(41)

Assembly the cover (41) spreading loctite 
510 on planes.

(42)

Assembly the screws (42) spreading 
loctite 242.
Tighten screws (42) using a torque 
wrench sett ing of 4.89~5.4 kgf·m 
(35.4~39.1 lbf·ft).

(43)
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Fit the flange (3) on the shaft (24), seating 
completely.

(44)

Lubricate the O-ring (2) with grease and  
fit in the flange (3) seating.
Spread with loctite 242 the lock nut (1) 
and fit.

(45)

Tighten the lock nut (1) to a torque of 
28.6~31.6 kgf·m (207~229 lbf·ft).

(46)

Insert the phonic end disk (5).(47)
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Fit the flange (3) on the shaft (24), seating 
completely.

(48)

Lubricate the O-ring (2) with grease and  
fit in the flange (3) seating.
Spread with loctite 242 the lock nut (1) 
and fit.

Tighten the lock nut (1) to a torque of 
28.6~31.6 kgf·m (207~229 lbf·ft).

Coat the coupling surface of the gearshift 
cylinder with loctite 510 ; fit the cylinder on 
the gear selector rod.

Make sure that the sealant forms a 
continuous film around the locking holes.
For more details, see : INSTALLATION 
OF HYDRAULIC GEAR CONTROL

(49)

(50)

(51)

※
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1.  REMOVAL AND INSTALL1.  REMOVAL AND INSTALL

REMOVALREMOVAL 

Lower the work equipment to the ground 
and stop the engine.

Operate the control levers and pedals 
several times to release the remaining 
pressure in the hydraulic piping.

Loosen the breather slowly to release the 
pressure inside the hydraulic tank.
Escaping fluid under pressure can Escaping fluid under pressure can 
penetrate the skin causing serious penetrate the skin causing serious 
injury.injury.

Disconnect steering line hoses (3).

Loosen the hexagon bolt (2) and remove 
the steering valve assembly (1).
·Tightening torque : 4.8±0.3 kgf·m

           
  INSTALL INSTALL 

Carry out installation in the reverse order           
to removal.

Confirm the hydraulic oil level and check 
the hydraulic oil leak or not.
When removing the steering valve 
assembly, check that all the hoses have 
been disconnected.

GROUP  6  STEERING VALVE

1)1)

2)2)

(1)

(2)

(3)

(4)

(5)

(1)

(2)

※

2 3

3

3
1

 (34.7±2.2 lbf·ft)
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Load Sensing Relief Valve
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Manual Steering 
Check Valve

Anti-Cavitation Valves

2.  STEERING VALVE2.  STEERING VALVE

STRUCTURESTRUCTURE1)1)
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1. Cap Screw (M10)

2. End Cap

3.                                           Spring
4.

                                      
 Plug

5.

                                    

Ball 4mm
6. Seal,  O-ring 77.5mm ID*

7. Gerotor

8. Spacer Plate

9. Drive

10. Housing

11.

                

Valve Seat

12.

                

Ball 5mm

13.

                

Ball Holder

14.

                

O-ring 7.6454mmID* 

15.

                

Spring
16.

               

 Plug

17. Sleeve

18. Spool

19. Pin

20. Bearing Race 

21. Bearing Race

22.     Dust Seal*

23. Gland Bushing

24. O-ring 43.2mm ID

25. Shaft Seal Kit*

26. Needle Thrust Bearing

27. Spring

28. Spacer

29. Back-up Washer*

30. Ring, Seal*

31. Plug                                                            

32. O-ring 6.07mm ID*                                          

33. Screw, Set

34. Inlet Check Valve

35. Ball 7mm

36. Roll Pin 

37. Spacer

38. Valve Set
39. Poppet

40. Spring

41. O-ring 7.6454mmID*

42. Plug
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Disassembly

Meter (Gerotor) End

1. Clamp unit in vice, Gerotor end up.

Clamp lightly on edges of port face

sides (see figure). Use protective

material on vice jaws. Housing 

distortion can result if jaws are over- tightened.

2.  Remove M10 cap screws.

3.  Remove end cap.

4. Remove drive Spacer(If included)

5.  Remove seal from Gerotor.

Cleanliness is extremely important when repairing a steering cont
rol unit. Work in a clean area. Before disc onnecting lines, clean 
port area of unit thoroughly. Use a wire brushto remove foreign 
 material and debris from around external joints of the unit.
Note

Although not all drawings show the unit in a vice, we recommend
keep the unit in vice during disassembly. Follow the clamping 

procedures explained throughout the manual.

Cap Screw

End Cap

Spacer

Seal

Figure 1

Figure 2

 that you 

7-90



Disassembly

6.  Remove Gerotor Set. Be careful not to drop star.

7.  Remove seal .

8.  Remove drive.

9.  Remove spacer plate .

10. Remove seal from housing.

11. Remove housing from vice.

Figure 4

Gerotor

Seal

Spacer Plate

Drive

Seal

Figure 3
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Disassembly

12. Carefully remove anti-cavitation check 

valves and manual steering check 

valve(roll pin and ball ) from bolts holes, 

by tipping.

Note:Do not remove any valves other than 

manual steering check valve and anti-

cavitation check valves . All other valves 

are factory preset and are non- serviceable

13. Carefully remove  the spool-sleeve assembly 

 from hous ing in upright position

Note: Do not cock spool- sleeve assembly in housing   
Rotate spool- sleeve assembly slowly when 
 removing it from housing

14. Push pin from spool-sleeve assembly.

15. Remove the bearing race, needle thrust 

bearing and bearing race, step by step 

from the housing.

16. Remove Shaft seals from seal gland bushing. 

Bearing 
Race

Shaft Seals

Needle 
Thrust 

Bearing

Manual 
Steering 

Valve

Cylinder 
Relief 
Valves Figure 5

Figure 6

Figure 7
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Disassembly

17. Push spool partially  from control end of 

sleeve, then carefully remove centering 

springs from spool by  hand (see figure). 

Low input torque unit  use four centering 

springs and two spac ers. Standard input 

torque unit use six centering springs.

Make matching mark on spool and sleeve. 

Note : There are different kinds of spool and 

sleeve set Low torque Spring 370-
000(4) and 21626-000(2)

Standard 
spring370-000(6)

Matching 
Mark

Matching 
Mark

Figure 8

Figure 9
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Reassembly

Note: Lubricate all seals with clean 

petroleum jelly (Vaseline). A good 

service policy is to replace all old seals 

with new seals. Do not use  excessive 

lubricant on seals for Gerotor section.

1. Assemble spool and sleeve carefully so 

that spring slots line up at the same end. 

Rotate spool while sliding parts together. 

Test for free rotation. Spool should rotate smoothly  

in sleeve with finger tip force applied at splined 

end. Align spool and sleeve by matching marks, 

 if present. Otherwise, align spring slots in spool 
and sleeve and stand parts on bench

Check all mating surfaces, Replace any parts that have 

scratches or burrs that can cause leakage. Clean all metal 

parts in clean solvent. Blow dry with air. Do not wipe dry 

 with cloth or paper to wel because lint or other matter can 

 get into the hydraulic system and cause damage. Do not
 or file or grind these parts.

Matching 
Mark

Matching 
Mark

Figure 10

 use grit paper
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Reassembly

2. Centering springs for low input torque units 

have four arched springs with two flat 

spacers in the center as shown in figure.

Centering springs for standard input torque 

units have six arched springs.

Position centering springs so that the notches 

line up, and arched center sections are nested 

 together. Next, with spring notches facing sleeve, 

 insert one end of entire spring set into spring 

 installation tool. 

3. Compress extended end of spring set and 

push into spool-sleeve assembly. Keep 

pressure on spring ends while withdrawing 

installation tool and pushing forward on 

springs at same time.

4. Center spring set in spring slots. Seat 

springs down evenly and flush with upper 

surface of spool and sleeve

5. Insert pin through spool-sleeve assembly 

until pin is within the outside diameter of 

sleeve.

Low Torque 
Springs

Standard Torque 
Springs

Figure 11

Figure 12
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Reassembly

6.  Lubricate seal (see parts list) before 

installation in seal gland bushing in 

housing. Use proper seal-installation 

tool, to make sure seal enters seal gland 

bushing without being cut or nicked.

Do not use any seal that falls freely into 

counter-bore of seal gland bushing.

7. Install two bearing races and needle thrust 

bearing as shown in figure.

8.  Position spool-sleeve assembly so that 

splined end of spool enters open end of 

housing first.

Caution : While inserting spool-sleeve 

assembly into housing, make sure parts do 

not tilt out of position. Push assembly gently 

 into place with slight rotating action, keeping 

 pin from moving out and getting stuck in  the

 internal groove.  

Bring spool-sleeve assembly entirely within 

housing bore. With spool-sleeve assembly 

in this flush position,  check for free rotation 

within housing by turning assembly with 

fingertip force at splined end.

Figure 13

Figure 14
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Reassembly

9. Clamp housing in vice, as shown in figure. 

Clamp lightly on edges of mounting area; 

do not over-tighten jaws.

Note : Check to insure that spool and sleeve 

are flush or slightly below 14-hole surface of 
 housing.

Clean upper surface of housing  by wiping 

with palm of clean hand. Clean each of the 

flat surfaces of parts in Gerotor section in a 

similar way just before reassembly. Do not 

use cloth or paper to clean surfaces.

10. Install 77.5 ID  seal in housing.

11. Install Anti-Cavit ation check valves and 

manual steering check valve in holes, as 

shown in figure.

12. Install spacer plate.  Align bolt holes in 

spacer plate with tapped holes in housing.

Manual 
Steering 

Valve

Anti-
Cavitation

Valves

Figure 15

Figure 16
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Reassembly

13. Rotate spool and sleeve assembly 

until pin is parallel  with port face. 

Install drive, making sure drive is 

engaged with pin. To assure proper 

alignment, mark drive as shown in 

figure,  When marking drive, note 

relationship of slotted end of drive to 

splined end of drive.

14. Lubricate and install 77.5 ID seal in 

Gerotor ring. The lubrication will hold 

seal in place.

15. Align star valleys with pin. Note parallel 

 relationship of reference lines A,B,C  and 

 D in figure. Align bolts 

holes without disengaging Gerotor star from drive.

16. When used, install drive spacer in Gerotor star.

17. Lubricate and install 77.5 ID seal in Gerotor ring.

18. Install end cap on  gerotor , aligning holes.

19. Install 7 dry cap screws in end cap. Pre-tighten  

screws to 17Nm, then torque screws to 35~40Nm
 in sequence show in figure.

20. Check for proper timing by turning the spool clockwise  
and feeling pressure in the “R” port.

21. Check the manual torque, the steering should turn freely.

A

B

C

D

1

2

3

5

7

6

4

Figure 17

Figure 18
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GROUP 7 AXLE 

1.  REMOVAL AXLE1.  REMOVAL AXLE

FRONTFRONT
Propeller shaft mounting nut (2, M10)
·Tightening torque : 6.9±1.4 kgf·m

                                           

Wheel nut (3, M18)
·Tightening torque : 46±3.0 kgf·m

                                   

Oscillating cylinder supporting mounting 
bolt (4, M12)
·Tightening torque : 12.8±3.0 kgf·m

                                   

Front axle mounting pin lock bolt (1, M10)
·Tightening torque : 6.9±1.4 kgf·m

                                   

Hose assy (5)

Front axle weight : 280 kg (610 lb)

1)1)

3

4
Front axle

Propeller
shaft

Lower frame

Tire

5

2

5

5

Pivot pin
1

(1)

(2)

(3)

(4)

(5)

(4)

REARREAR
Rear axle mounting bolt and nut (1, M16)
·Tightening torque : 6.9±1.4 kgf·m

                                           

Propeller shaft mounting nut (2, M10)
·Tightening torque : 7.4±1.5 kgf·m

                                   

Wheel nut (3)
·Tightening torque : 46±3 kgf·m

                                   

Hose assy (4)

Rear axle weight : 200 kg (440 lb)

Rear
axle

Propeller
shaft

1

1

2

Lower frame

3

Tire

4

(1)

(2)

(3)

(4)

(5)

2)

(49.9±10.1 lbf·ft)

(333±21.7 lbf·ft)

(92.6±21.7 lbf·ft)

(49.9±10.1 lbf·ft)

(49.9±10.1 lbf·ft)

(53.5±10.8 lbf·ft)

(333±21.7 lbf·ft)
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2.2. GENERAL INTRODUCTIONS GENERAL INTRODUCTIONS

IntroductionIntroduction
The efficiency and continued operation of mechanical units depends on constant and correct 
maintenance and also on efficient repair work should  there be a break-down or malfunction.
The instructions in this manual have been made based on a complete overhaul of the unit. 
However the mechanic must decide whether or not it is necessary to dismantle the individual 
components when only partial repair work is needed.
The manual provided a quick and sure guide which, with the use of photographs and diagrams 
illustrating the various phases of the operations, allows accurate work to take place. Therefore all 
the information needed for correct disassembly, the relative checks and assembly of each 
individual component, has been written down.
In order to remove the differential unit from the vehicle, the manuals provided by the vehicle 
manufacturer should be consulted. In describing the following operations it is presumed that the 
unit has already been removed from the vehicle.
Throughout the phases of repair or maintenance work it is advisable to use proper equipment such 
as : trestles, or supporting benches, plastic or copper hammers, appropriate levers, extractors and 
specific spanners or wrenches. So that the work is facilitated and the working surfaces and the 
operators themselves are protected.
Before going on to disassemble the parts it is best to thoroughly clean the unit, removing any 
encrusted or accumulated greases and then drain the oil through the oil-draining plugs.

Introductory statementntroductory statement
All the disassembled mechanical units should be thoroughly cleaned with appropriate products and 
then restored or replaced if damage, wear, cracking or seizing have occurred. In particular, 
thoroughly check the state of all moving parts (bearing, gears, crown wheel and pinion, shafts) and 
sealing parts (O-ring, oil shield) which are subject  to major stress and wear. In any case it is 
advisable to replace the seals every time a component is overhauled or repaired. During assembly 
the sealing rings must be lubricated on the sealing edge. In the case of the crown wheel and 
pinion, replacement of one requires the replacement of the other. During assembly the prescribed 
pre-loading and backlash of the parts must be maintained.

Maintenance and repairMaintenance and repair
We have compiled these instructions for maintenance and repair in order to facilitate any such 
work on the CLARK-HURTH Components differential units and gear change unit. 

1)1)

※

2)

3)
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Remove the securing screws (23) from 
the planetary carrier cover (25).
Disconnect the steering bars from the 
steering case (14).

40

42

39
38

37
36

35
33

3130
25

26
2728

24
22

23

34
32

43

44

1

4

3
2

15
16

41

29

12
11

10

9

5
6

8
7

14

13

17
18

45

19
20
21

3.  3.  FRONT AXLE FRONT AXLE 

THE PLANETARY REDUCTION AND THE COMPLETE STEERING CASETHE PLANETARY REDUCTION AND THE COMPLETE STEERING CASE

①

Disjoint the planetary carrier cover (25) 
from the steering case by alternatively 
forcing a screwdriver into the appropriate 
slots.

②

1)1)

DisassemblyDisassembly(1)(1)
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Remove the complete planetary carrier 
cover (25).

③

Remove the safety spring rings (28) of 
the planetary gears (27).

④

Remove the planetary gears (27).

Note down direction of assembly of plan-
etary gears.

※

⑤
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Remove the snap ring (30).

Unloose and remove the tightening nuts 
(32) from the crown flange (35).

Remove the safety flange (33).

Remove the shim washer (31).

⑥

⑦

⑧

⑨
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Using a puller, remove the complete 
crown flange (35) by acting on the stud 
bolts.

⑩

Remove the external bearing (38).

Partially extract the hub (41) using a 
plastic hammer.

A l te r na te ly hammer on severa l          
equidistant points.

⑪

※

⑫
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Note the measure of the screw of lock 
steering case.

Remove the external thrust blocks of 
bearings, using a pindriver.

Hammer in an alternate sequence to 
prevent crawling and deformation of the 
thrust blocks.

Remove the sealing ring from the    
steering case (44).

Pay due attention not to damage the 
seat of bearing.

  By hand remove the complete hub (41).⑬

⑭

※

⑮

※

16
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Remove the nu t s t ha t l ock t he           
articulation pins.

Loose the lockscrew and insert it to allow 
the passage of tool.

17

18

Disconnect the tapered pins of the    
articulation from the steering case (14) 
by means of a puller.

Unloose and remove the fitting screws 
(19) from the bottom articulation pin (20).

Screws cannot be reused.※

20

19
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Remove the bottom articulation pin (18) 
complete with front sealing ring (20).

Unloose and remove the fitting screws 
(13) from the top articulation pin (10).

Using two levers, remove the top      
articulation pin (10) complete with front 
seal (8).
Pay attent ion not to damage the         
surfaces.

Remove the complete steering case 
(14).

24

23

21

22
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Use a puller to remove the sealing ring 
from the steering case (14).

Note down the orientation of sealing ring 
(5).

Remove the bushing (6) from the     
steering case (14).

Note down the orientation of bushing.

※

※

25

26

Remove the u-joint (4).

   To remove the u-joint use, if necessary, a 
plastic hammer or a lever.

※

27
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Remove the articulation pins (10) (20) 
and the front sealing rings (8) (18).

Note down the side for assembly.

Using a puller for inner parts, remove the 
top bush (7) and the bottom ball-bush 
(17).

 If the ball cover (17) needs replacing, 
remove it from the bottom articulation pin 
(20).

※

28

29

30
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Remove seal ring (3) and the bushing (2) 
from the arm (1).

31
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90 -100 Nm
Loctite 242

128 -142 Nm
Loctite 242

128 -142 Nm
Loctite 242

Assembly Assembly (2)(2)

·Continuos rolling torqueContinuos rolling torque without planetary gear cover 0.71~2.04 kgf·m (5.14~14.8 lbf·ft)
·Preload steering casePreload steering case 4.08~8.16 kgf·m (29.5~59.0 lbf·ft)

9.18~10.2 kgf·m
(66.4~73.8 lbf·ft)
Loctite 242

13.1~14.5 kgf·m
(94.8~105 lbf·ft)
Loctite 242

13.1~14.5 kgf·m
(94.8~105 lbf·ft)
Loctite 242
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Lubricate the bushing (6) and the seat of 
the steering case (14).
Install the bushing (6), using tool T1.

①

Lubricate the outer surface of the sealing 
ring (5); fit them into their seat using tool 
T2.

②
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If the bottom articulation pin (17) has 
been extracted, position the pin under a 
press and fit the ball cover (20).

④

Using special tool T3 apply a reposition-
able jointing compound for seals to the 
outer surface of the sealing ring (44). 
Position the sealing ring (44) in the  
steering case (14).

Check that the ring (44) is correctly      
oriented.

③

※

 Fit the front sealing rings (18) (8) onto the 
articulation pins (4) and (6).

Carefully check that the rings are proper-
ly oriented (18) (8).

Lubricate the top bush (7) or the bottom 
ball bush (17) and fit them into the        
fulcrum holes of the arm.

⑥

⑤

※
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Lubricate the bushing (2) and the seat of 
the steering case (1).
Install the bushing (2), using tool T1.

⑦

Insert the u-joint (4).

Lubricate and fit the sealing ring (3) onto 
tool T4 ; install the rings into the arm.

Pay particular attention to the direction of 
assembly of the rings.

Lubricate the terminal of the u-joint (4) 
and install the steering case (14).
Pay due attention not to damage the 
dust cover rings and the sealing rings.

⑧

※

⑨

⑩
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Lubricate and install the unit in the   
steering case.

Fit the unit (20) in the steering case (14).
 Position the screws (19) and tightly   

tighten.

Prepare a series of shims (9) of 0.4 up to 
0.7 mm.
To be assembled under the upper pin 
(10).

Lubricate the steering case.

⑪

⑫

⑬

⑭
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Tighten the new fitting screws (19) of   
bottom articulation pins in sequence 
using the cross tightening method.

·Torque wrench setting : 
13.1~14.5 kgf·m (94.8~105 lbf·ft)

Check the torque of the pins, which has 
to be between 4.08 and 8.16 kgf·m. 
If the preliminary measured value is too 
high, the shims have to be increased.

Tighten the new fitting screws (13) of top 
articulation pins in sequence using the 
cross tightening method.

·Torque wrench setting : 
13.1~14.5 kgf·m (94.8~105 lbf·ft)

Check by means of a lever that there is 
no vertical gap.

 In case there is any gap, determine the 
width and reduce it by removing shims.

⑮

16

17

18



7-117

Look for the position of the notch   
regarding the safety cotter pin hole when 
the nut is finaly locked max 30.6 kgf·m 
(221 lbf·ft).

Position the lower part of tool T5 and the 
thrust block of the external bearing (38).

Lubricate the seats of the bearings and 
position the hub (41) on tool T5 ; position 
the thrust block of the internal bearing 
(43).

Check that the thrust block is correctly 
oriented.

Bring the lockscrew to the quote at the 
measure previously survey.

20

19

※

21

22
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Install the external bearing (38).

Move the bearing to the limit stop by 
hammering lightly all around the edge.

Install the wheel hub (41).

Install the crown wheel (36).

Fit the complete crown flange (36).

In order to fasten the flange (36), use a 
plastic hammer and alternately hammer 
on several equidistant points.

24

※

23

※

25

26
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Install the security flange (33).
Grease the surface of the safety flange 
(33) that touches the crown wheel.

Tighten nuts (32) in two stages, using the 
criss-cross method.
·Initial torque wrench setting : 

9.18 kgf·m (66.4 lbf·ft)
·Final torque wrench setting : 

10.2 kgf·m (73.8 lbf·ft)

Coat the nuts (23) with loctite 242 and 
screw them.

27

28

29

Install the distance piece (31).30
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Install the snap ring (31).

Check the condition and position of the 
O-ring (37).

Fit the planetary gear (27) onto the   
planetary gear cover (25).

The jointed portion of the internal ring of 
the bearings must face the bottom of the 
pin.

Check the continuous rolling torque on 
the hub.
·Torque : 0.71~2.04 kgf·m 

 (5.14~14.8 lbf·ft)

31

※

※

32

33
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Lock into position the planetary gears 
(16) with the snap rings (15).

  Fit the planetary gear cover (18) onto the 
wheel hub (4).

Torque wrench : 4.08~5.1 kgf·m 
 (29.5~36.9 lbf·ft)

34

35

36
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18

17 19

16

15

14

21
19

20

STEERING CYLINDERSTEERING CYLINDER2)

DisassemblyDisassembly(1)(1)

Remove the centring sensor (21) of the 
steering piston.

①

Remove the nuts (18) that lock the   
articulation pins (14).

②
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Disconnect the tapered pins of the    
articulation (14) from the steering case 
by means of a puller.

③

If the connection of the steering bars 
includes a safety collar, raise the border.

④

Disconnect left and right steering bars 
from the piston.

Remove the securing screws (19) from 
the steering cylinder (16).

⑤

⑥
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Extract the cylinder (16) using a plastic 
hammer.

⑦

9

2

6
7

8
4

1

13

5

11
10

8
7

6

3

Before attempting to disassemble the 
unit, drain the oil in the cylinder cham-
bers completely.
Using a screwdriver, remove the snap 
ring (1) of the cylinder head.

※



7-125

Lightly tap the cylinder head (2) with a 
plastic hammer so as to push it inside 
the cylinder (3).

Insert the cylinder head so it is flush with 
the cylinder.

Using a punch, force the stop ring (4) 
located inside the cylinder (3) and extract 
ring using a screwdriver.

Take the cylinder unit a part by extracting 
the head first, followed by the piston. 

⑧

※

⑨

⑩

Note down direction of installation of pis-
ton whose seal ring is oriented towards 
cylinder head.

※
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Remove all seals, anti-extrusion rings 
and scraper rings from head (2), cylinder 
(3) and piston (5).

All seals must be replaced every time  
the unit is disassembled. 
Particular attention must be paid not to 
damage the seats of both seals and   
piston slide.

⑪

※

※

Grease and install the piston rod seal 
ring (6), rod wiper (8) and back up wash-
er (7) into cylinder (3).

Grease and install the piston rod seal 
ring (6), rod wiper (8) and anti-extrusion 
ring (7) into the head (2).

①

②

AssemblyAssembly(2)(2)

Fit seal (9) on the outside of the head (2).

To ease installation, grease the outer 
surface of the piston
Do not roll the seal (9).

③

※

※
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Prepare piston (5) by fitting it with mag-
netic ring (11), anti-extrusion ring (10) 
and piston seal (13).

To ease installation, lubricate with grease.

④

※

Center the shaft on the cylinder (3) so 
that it fits into the piston (5).

Apply a little grease to seals and cylinder.

Push the piston (5) into the cylinder for 
100 mm using a plastic hammer.

Apply grease to head (5) seals, fit the 
head onto the piston and push it into the 
cylinder (3) using a plastic hammer.

Insert the head as to line it up with the 
edge of the cylinder.

⑤

※

⑥

⑦

※
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Introduce the stop ring (4) and ensure 
that it sets in the seat of cylinder (3).

⑧

To insert the heading not to go beyond 
with the ring of gasket the hole of feeding 
because it could be cut.

※

Using two screwdrivers or levers, force 
the head until it is seated against the 
stop ring (4).
Fit the snap ring (1) on the head (2).

Make sure that the snap ring (1) is 
securely fastened in its seat.
If necessary, force it into its seat using a 
drift and a hammer.

Renew at each reassembly.

⑨

※

⑩
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Check that the O-rings (17) (15) of the 
axle unit are in good condition ;
lubricate the seats of the seals and fit the 
steering cylinder (3).

⑪

Lock the cylinder by cross- tightening the 
screws (3).

·Torque wrench setting : 
11.8~13.1 kgf·m  (85.3~94.8 lbf·ft)

Insert the pins (18) in the steering case 
and lock into position using a torque 
wrench setting of 27.5~30.6 kgf·m  
(199~221 lbf·ft).

Apply loctite 242 to the thread and con-
nect the steering bars by screwing the 
terminals onto the piston stem.

·Torque wrench setting : 
24.5~27.5 kgf·m  (177~199 lbf·ft)

Versions with coupling require that the 
rim of the articulation is riveted onto the 
surfaces of the piston stem.

⑫

⑬

※

⑭
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Install the proximity (21) for checking pis-
ton centring - if applicable - and tighten 
the screws (20).

·Torque wrench setting : 
0.51~0.82 kgf·m  (3.7~5.9 lbf·ft)

⑮

Connect the sensor (21) to the inspection 
device according to either diagram. 

16

Eliminate the action of the negative 
brake, if fitted.
Apply tools T6 to the hubs and lock them.

Using a level “B”, check that tools are 
perfectly flat and parallel to each other.

※
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Inspect jut “C” on one side of the piston 
and note down the size for checking later 
adjustments.

If cylinders come without a sensor, the 
centering of the piston must be carried 
out on the basis of the maximum stroke.

※

18

Center the piston by slowly moving it      
first in one direction then in the other and 
position it half way on the stroke, which is 
determined by the switching on and off of 
the signal lamp of the inspection device 
in the reversal stage.

17

Without moving the piston, check front 
and rear size at the edge of tools T6.
Max. difference : 0.6-0.7 mm

In order to check the rear size, rotate the 
bevel pinion and check that tools T6 are 
flat.

※

19

    If necessary, adjust convergency without 
moving the centering of the piston and 
adjust the length of the steering bars 
(14).

With a half turn of screw, the front size is 
reduced by about 3 mm, whereas the 
rear one is increased by about 3 mm.

※

20
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Hold the articulations still and rotate the 
ball-and-socket joints.
Once the convergency has been 
adjusted, lock the nuts. 

·Torque wrench setting for nuts : 
24.5~27.5 kgf·m  (177~199 lbf·ft)

Unloose the nuts and screw them onto 
the ball-and-socket joints.

21

22

ADJUSTING THE STEERING ANGLEADJUSTING THE STEERING ANGLE

Perform the same operations on both 
sides (see diagram).
Loosen the nut of one of the adjusting 
screws on cylinder side.

Adjust the jutting portion of the screw 
according to data shown in the table (see 
the next page). 
Lock into the position with nut tightened 
to max 15.1 kgf·m  (109 lbf·ft).

23

※

Steering cylinder
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As you hold the adjusted screw in 
position against the arm stop, adjust the 
screw opposite, on non-cylinder side, 
until it leans against the arm stop. 

The screws must lean against the 
respective arm stops all at the same 
time.

※

25

Perform one full steering operation until 
the adjusted screw leans against the arm 
stop.

24

The screws must lean against the 
respective arm stops all at the same 
time.

※

Requested
steering angle : valueα 25˚ 27˚ 30˚ 32˚ 35˚ 36˚ 40˚ 42˚ 45˚

Steering cases versions based 
on max. steering angle Value W = Adjustment of the steering stop screw, steering cylinder side [mm]

35˚ max angle 55.1 51.2 45.4 41.4 35.0

45˚ max angle 57.4 47.0 44.7 35.8 31.2 24.6
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33

34
16

17
18

15

29
31

3230

22

35

21

24
23

27

25
26

28

20

19

20
7

8
9

10

11
12

13
14

4

2

3

65

1

Connect an external pump to the union 
piece “P1” of the negative brake and 
introduce a pressure of 15±30 bar to 
eliminate the pressure of the belleville 
washers.

Perform all operations on both arms.

Loosen the unlocking screws (30) and 
remove both stop washers (32).

①

※

②

BRAKE : SERVICE BRAKE, NEGATIVE BRAKEBRAKE : SERVICE BRAKE, NEGATIVE BRAKE3)

DisassemblyDisassembly(1)(1)
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Insert block screws to end stroke and 
release pression.

③

Sling the arm to be removed and connect 
it to a hoist, remove screws.

④

Take off the arm and lay it down vertically.

Remove the brake discs one after the 
other (2).

  If they are not to be substituted, do not 
mix up the sequence.

⑤

⑥

※
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Remove the flange (3) complete with the 
discs.

⑦

In order to keep the disc springs of the 
negative brake preloaded, screw down 
the screws with washers to the end stop.

⑧

Remove the negative brake locking 
screws (30).
Always exchange the O-ring (31).

Loosen the before installed provisional 
screws in the same sequence and same 
measure.

⑨

⑩
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Remove the negative brake locking 
screws (30).
Always exchange the O-ring (31).

⑪

Pull out brake piston assembly module 
(22).

⑫

Turn upside down the brake module and 
with a pin driver remove the locking pin 
of the slotted nut.

Check locking screw (33) of the brake 
piston module.

⑬

※
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Sign the position of the slotted nut.⑭

Bring the piston group below a press, 
compress the cup springs and loosen 
the metal ring.

⑮

Remove nut (29).16

Remove the disc springs (28).17
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Applying air pressure, remove the piston 
(27) of the negative brake.

18

Using a new screw remove the pressure 
seal caps.

Remove the reversal springs (11).20

19

Remove the adjusting screws (5).21
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Remove the service brake piston (4).22

Remove the three bolts (24).23

Remove the O-rings and the anti-extru-
sions rings from the service brake, the 
negative brake piston and from the pis-
ton.

24
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AssemblyAssembly(2)(2)

C = A - B
141.0 - 19.0 = 122 mm
C = arm quote
D1 = D + G + F
26.0 + 0.75 + 0.2 = 26.95 mm
D = tickness of discs pack
G = brake discs gap 
F = fix quote
E = C - D1
122 - 26.95 = 95.05 mm
E = piston pack quote
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Zero the centesimal calibre between the 
support plane and the centering arm.

Then measure the distance between the 
arm support plane and the piston pack 
stop.

①

②

Measure the distance between the disk 
support plane and the arm support 
plane.
Subtract the value B from the value A to 
obtain the effective dimension of the arm 
containing the brake disks and the piston
pack.

③

Bring the disk pack beneath a press, load 
with 1000 kg, then measure the dimen-
sion D.
Add the play G and the fixed value F 
(equal to 0.2 mm) to the value D.

Do not take into account the thickness 
between the press piston and the disks.

④

※
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To determine the value of the piston 
pack, subtract value C from value D1.

Insert the service brake piston (4) ham-
mering alternately with a plastic hammer.

Insert the bolts (24).

⑤

⑥

⑦

Turn upside down and insert the nega-
tive brake piston (27).

⑧
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Before removing the slotted nut in order 
to insert the springs, note down the dis-
tance “H” from the plane to the tooth 
near the pin.

Sign.

Remove the service brake piston (4).

⑨

※

⑩

To determin the level “E” the slotted nut 
has to be operated without spring mount-
ed.

To define the level “E” adjust the slotted 
nut always to the smaller value by driving 
to the closer notch.

※

※
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Complete the O-rings and anti-extrusion 
rings on all pistons.

The O-r ings  a lways have to  be 

assembled from the pressure facing side. 

⑫

※

Insert the stroke automatic regulation 
springs (6); place them in line with the 
piston (4).

⑪
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Fit the reversal springs (11) on the piston 
(4).
Apply loctite 242 to the thread of the 
adjustment screw.
Tighten with torque wrench setting of 
1.02~1.53 kgf·m  (7.38~11.1 lbf·ft).

⑮

Fit the adjusting screws (5).
Apply loctite 242 to the thread.
·Torque wrench setting : 

0.51~0.71 kgf·m  (3.69~5.16 lbf·ft)

Insert the service brake piston (4) ham-
mering alternately with a plastic hammer.

⑬

⑭

Insert the stroke end seal caps.16
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Insert the disc springs in the right posi-
tion (28).

18

Insert the negative brake piston (27).17

Insert at the bottom the piston of the 
negative brake (27) and screw up the 
slotted nut (29).

19

Screw down the slotted nut to the earlier 
determined position. 

20
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Check the earlier measured distance “H” 
from the plane to the tooth next to the 
pin.

Alternately tighten with a torque wrench 
se t t ing o f max imum 4.59 kgf·m          
(33.2 lbf·ft).

21

22

Put the pin in locking (21) position.23

Check locking screw (33) of the brake 
piston module.

※
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Insert the piston to the end stop by   
alternating light strokes and remove the 
screws.

Insert the negative brake unlocking 
screw (30) up to the end stop.

25

26

Remove the two auxiliary screws.27

Insert the brake module facing the input 
holes to the top.

24
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Insert the brake discs (1) (2) in the right 
sequence.

The first brake disc to be inserted must 
be of friction material.

Install the flange (3) on the arm.

Insert the brake discs (1) (2) in the right 
sequence.

The last brake disc to be inserted must 
be of metal material.

※

※

28

29

30
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Insert the screws and tighten them   
alternately.

Introduce a pressure of maximum 25 bar.

Remove the negative brake locking 
screws (30).

 Fit the special tool T7 into the seat of the 
manual release of the screws, insert a 
comparator and pre-load it with 1 mm.

Once the pressure is inserted into the 
circuit the comparator must give a mea-
surement equal to play X (0.75 mm).

31

33

32

34
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Check the flatness of the arms and finally 
lock the arms with the screws (4) and the 
washer (5) using the crosstightening 
method. 

Insert the two “U”-shaped shims and 
tighten the screws with a torque wrench 
setting of 9.69~11.7 kgf·m  (70.1~84.8 
lbf·ft).

The position of the negative brake is 
unlocked.

※

35

36
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1
6

2

7

3
8

4
9

5
10

14 12

11

Remove the pinion (11), shims and 

distance piece. 

Position tool T10, so as to avoid pinion 
rotation.
Unloose and remove the nut (1); also 
remove the O-ring (6).

①

②

BEVEL PINIONBEVEL PINION4)

DisassemblyDisassembly(1)(1)
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Refer and keep to the positions marked 
during disassembly.

③

Using a puller and a press, remove the 
inner bearing (4) from the pinion (11).

④

Remove the thrust block of the external 
bearing (14).

Insert a drift in the appropriate holes.

⑤

⑥
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Remove the thrust block of the internal 
bearing (4) as well as the shim washers 
(10) (S).

⑦

Remove the snap ring (15).⑧

Remove the cap (14).⑨
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AssemblyAssembly(2)(2)

Tight torque : 
51~71.4 kgf·m 
(369~516 lbf·ft)
Loctite 270

Bring inner bearing (4), complete with 
thrust block, under comparator “DG”.

Press the thrust block centrally and carry 
out several measurements by rotating the 
thrust block.

Example : 30 - 0.55 = 29.45 = “D”.

Calculating pinion center distance Calculating pinion center distance 
Using a faceplate, reset a centesimal 
comparator “DG” on a calibrated block 
(whose known thickness is 30 mm).
Preload the comparator by about 3 mm.

①

②

※
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Check nominal dimension “I” as marked 
on the pinion. Add up to or subtract from 
“I” the variation indicated as “Y” to obtain 
the actual centre distance “I”.

Example : I=INT±Y=98 - 0.1=97.9 mm

C61 = Match part number

③

※

C61=bevel gear set matching number
(-0.1)=Y variation from the theorical I =98

④

Calculate shims “S” for insertion under 
the thrust block of the inner bearing using 
the following formula :
S = X-(I+D) where :  X = fixed dimension
I = actual pinion center distance
D = Total bearing thickness ;
Example : 

S = 128 - (97.9+29.45) = 0.65 mm

Using special tool T11.
Insert the thrust block of the bearings (4)
and shims (10).

⑤

⑥
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Before starting the next stage, make sure 
that the thrust block has been completely 
inserted into its seat.

※

Using special tool T11.
Insert the thrust block of the bearings (4)
and shims (10).

⑦

Calculating pinion bearings rolling Calculating pinion bearings rolling 
torquetorque
Introduce tool T12 complete with bear-
ings (4) and (14) into the main body (12); 
tighten by hand until a rolling torque is 
definitely obtained.

⑧

Introduce the tracer of a depth compara-
tor “DDG” into either side hole of tool 
T12.
Reset the comparator with a preload of 
about 3 mm.

⑨
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Remove the comparator and take out 
tool T12 and bearing kits from the main 
body.
Reinstall every part, also introducing a 
distance piece between bearings (4) and 
(14). Tighten the entire pack by hand.

⑩

Assemble on top of the tool T12 and 
between the two bearings the shim (5) 
and the largest calibrated shim (9).

⑪

Measure the difference H using a dial 
gauge DDG.
·Example : H = A - B = 2.93 mm

⑫
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Heat the bearing to 100˚C and assemble 
it to the pinion shaft.

Calculate the shim S2 to be inserted.
Example : S2 = H + X1 = 3.01 mm
where X1 = fixed value to obtain =

0.07~0.08 mm

⑬

⑭

Fit the pinion (11), shim “S2” (10) and 
distance piece (5) (9) in the main body 
(12).

The finer shims must be placed in- 
between the thicker ones.

⑮

※

Heat the external bearing (14) to a    
temperature of about 100˚C and fit it on 
to the pinion (11) so as to complete the 
pack as shown in the figure.

Lightly lubricate bearing with SAE85W90 
oil.

※

16
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Apply onto the pinion (11) the bar-hold 
and with the help of a torque meter, 
check the torque of the pinion (11).
·Torque : 50.9~71.4 kgf·m  

(368~516 lbf·ft)
If torque exceeds the maximum value, 
then the size of shim “S1” (4) between 
the bearing (9) and the distance piece (3) 
needs to be increased. If torque does not 
reach the set value, increase the torque 
setting of the ring nut (10) in different 
stages to obtain a maximum value of 
50.9 kgf·m (368 lbf·ft).
If torque does not reach the minimum 
value, then the size of shim “S1” (4) 
needs to be reduced.

※

※

18

Apply loctite 270 to the thread of the ring 
nut (8) and screw the nut onto the pinion.

17
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12
13 11

15

16

16

15
14

13

12

18
17

21

20

17
18

22

19

17

18

20

2019

17

18

24

Loosen the unlocking screws (30) and 
remove both stop washers (32).

Connect an external pump to the union 
piece “P1” of the negative brake and 
introduce a pressure of 15±30 bar to 
eliminate the pressure of the belleville 
washers.

①

②

DIFFERENTIAL UNITDIFFERENTIAL UNIT5)

DisassemblyDisassembly(1)(1)



7-163

Insert block screws to end stroke and 
release pression.

③

Remove the brake side arm and the 
brake discs pack.
Sling the arm to be removed and connect 
it to a hoist, remove screws of the crown 
wheel side arm.
Remove the arm together with the pack 
of the braking disks.
Place the arm on a bench.

④

Remove the fitting screws from the    
middle cover.

Insert a screw-driver in the opposing 
slots then force and remove the middle 
cover.

⑤

⑥
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If the bearings need replacing (13), 
extract the external thrust blocks of the 
bearings (13) from middle cover and cen-
tral body.

Accurately check the O-ring.

⑦

※

Pull out the differental (14).⑧

If the bearing need replacing, extract the 
bearing (13) from the differential carrier.

⑨

Remove fixing screws (24) of the crown 
wheel (11); exchange each time when 
removed.

⑩



7-165

Extract the crown wheel (11).⑪

Remove the shim washer (15).⑫

Remove the three spider blocking pins 
(20) by using a pin driver.

Remove the planetary gear (16).⑬

⑭
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Move the two opposite mounted short 
bolts (19) to the outside of the box using 
the same pin driver.

⑮

Drive out the long bolt (21) and pull out 
the spider (22) from the center.

16

Remove long bolt, spherical washers (18) 
and satellite wheels (17).

18

Remove the two half bolts (19), spherical 
washers and satellite wheels.

17



7-167

Pull out the spider (22) from the center.19

Remove the planetary gear (16).20

Remove the shim washer (15).21
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Lubricate and insert washer (15) and 
plantary wheel (16).

①

AssemblyAssembly(2)(2)
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Partially insert the long bolt (21), satellite 
wheels (17) and spherical washers (21).

②

Insert the two half bolts (19), spherical 
washers (18) and satellite wheels (17).

③

Insert spider (22) and completely insert 
the long bolt (21).

④

Insert completely the bolts (19).⑤
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Center the pin holes and insert the 3V 
pins (20).

Check the free rotation of the satellite 
wheels on the bolts.

Lubricate wheel (16).

⑥

※

⑦

Insert planetary gear wheel (16).⑧

Position the shim washer (15) on the 
crown (11).

In order to hold the shim washer (15) in 
position, apply grease to it.

⑨

※
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Position the crown (11) on the differential 
carrier and lock it with screws (24) 
applied with loctite 270.

Secure the screws using the cross-tight-
ening method.

⑩

※

Tighten screws with a torque wrench : 
see table.

Always use new screws to fix the crown 
wheel. In case the screws are not thread 
locking pretreated, use loctite 270.

⑪

※

Assemble the bearing (13).

Heat the bearing to 100˚C before assem-
bling.

⑫

※

If the bearings are replaced, insert the 
external thrust blocks in the middle cover 
and in the central body.

⑬
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Position the differential unit in the central 
body with the help of a bar and fit the 
middle cover.

Thoroughly check the state of the O-ring 
and make sure that the cover is fitted 
with the oil discharge in the lower posi-
tion.

⑭

※

Lock the middle cover with screws.

·Torque wrench setting for screw : 
2.43~2.67 kgf·m (17.6~19.3 lbf·ft)

⑮

Check that the positioning of the sealing 
ring on the arm is intact; install the com-
plete arm. Lock it into position using two 
facing screws and washers.

16
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1

2

3
4

5

6
7

15

16

14

13

17

8

9
10
11

12

18

Insert the thrust block (6) and the shims 
(Sb) (7) into the arm.

Check to be at end of stroke.

Setting of the crown wheel and pinionSetting of the crown wheel and pinion
Insert the thrust block of the bearing (6) 
opposit side of the crown wheel shims 
(Sb) (7) of an initial thickness of about 0.8 
mm.

RING AND PINION ADJUSTINGRING AND PINION ADJUSTING6)

(1)

(2)

※

0.8 mm
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Insert thrust block (4) of the bearing 
shims (Sc) (3) of an initial thickness of 
about 0.75 mm.
Insert the thrust block and the shims into 
the arm.

Check to be at end of stroke.

Insert complete differential (5).

Do not damage the seat of the O-ring with 
the gearwheel.

Check the O-ring (2) and grease.

Lock the middle cover (5) with screws (4).
·Torque wrench setting for screw :

2.43~2.67 kgf·m (17.6~19.3 lbf·ft)

(5)

(6)

(3)

※

(4)

※

0.75 mm
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Apply torque meter TM to pinion nut and 
check that torque wil l increase by    
0.04~0.06 kgf·m (0.29~0.43 lbf·ft) as a 
result of differential bearing preload.

Example : pinion torque : 
0.08~0.12 kgf·m (0.59~0.87 lbf·ft)

Pinion + differential torque : 
0.12~0.18 kgf·m (0.87~1.3 lbf·ft)

(7)

Position comparator on the center of one 
of the crown teeth, preset it to 1 mm and 
reset it to zero.
Manually move the crown in both direc-
tions to check the existing clearance 
between pinion and crown.

Gap = 0.13~0.20 mm

(8)

+ Sc (3) - Sb (7) = reduction gap ring and 
pinion

(9)

- Sc (3) + Sb (7) = increase gap ring and 
pinion

(10)
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Install the crown wheel side arm (1) with-
out half-axle.

To check the torque of the differential, nei-
ther of both half-axles must be installed.

Temporarily insert all screws of the arm 
(18).

Torque wrench setting : 
13.1 kgf·m (94.4 lbf·ft)

Tighten using the criss-cross method.

Check the flatness of the arms; then lock 
the arms into their final position,using 
screws adequately coated with loctite 
242.

(12)

(14)

※

(11)

※

(13)
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Using a driver, fit the cap and position it in 
its seat with the snap ring.

(15)
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2

1

12

30

5

3

34

27

6
7

10

8

9

25
31

11

13
14

33
19

32

424
23

20
21

22

26

18

16
17

15

28

29

DisassemblyDisassembly

Perform all operations on both arms.

Remove the oil level plug (4).

Remove the securing screws (20) from 
the spider cover (21).

※

①

②

(2)(2)

4.  4.  REAR AXLE REAR AXLE 

PLANETARY REDUCTION GEARPLANETARY REDUCTION GEAR

    Assembly diagramAssembly diagram

1)1)

(1)(1)
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Disjoin the spider cover (21) from the hub 
(26) by alternatively forcing a screwdriver 
into the appropriate slots.

Remove the complete planetary carrier 
cover (21).

③

④

Remove the complete axle-shaft (27).⑤

Unloose and remove the tightening nuts 
(23) from the crown fl ange (13).

⑥
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Remove the safety fl ange (14).

Remove the crown (12).

⑦

⑧

Remove the external bearing (31).

Partially extract the hub (26) using a 
plastic hammer.

Alternately hammer on several equidis-
tant points.

⑨

※

⑩
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  By hand remove complete hub (26).⑪

Using an extractor, remove the seal ring 
(6).

Note down the direction of assembly of 
snap ring.

⑫

※

Remove snap ring (15).

Using a screw M6 remove all bolts (16).

⑬

⑭
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Positioning the planet wheel gear (17) in 
center of the spider cover and remove.

⑮

Remove the sealing ring (7) from the hub 
(26).

Remove the internal bearing (10).

Remove the thrust blocks (10) (31) from 
the bearings and forcing a pin-driver into 
the appropriate slots on the hub.

Hammer in an alternate way so as to 
avoid crawling or deformation of the 
thrust blocks.

16

17

※

18
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Remove the snap ring (12) from the 
crown (13).

Remove the crown flange (13).20

19
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Lubricate the seats of the bearings and 
position the hub on tool T1; position the 
thrust block of the internal bearing (10).

Check that the thrust block is correctly 
oriented.

ASSEMBLYASSEMBLY

Lubricate and fit the sealing ring (6) onto 
tool T3; install the rings into the arm.

Position the lower part of tool T1 and the 
thrust block of the external bearing (31).

①

②

③

(3)(3)

Pay particular attention to the direction of 
assembly of the rings.

※
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Fit the bearing (10) into the internal thrust 
block.

④

Using special tool T2 apply a reposition-
able jointing compound for seals to the 
outer surface of the sealing ring (7).

 Position the sealing ring (7) in the hub 
(26).

Check that the ring (7) is correctly orient-
ed.

Install the wheel hub (26).

Install the external bearing (31).

Move the bearing to the limit stop by 
hammering lightly all around the edge.

⑤

※

⑥

⑦

※
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Install the crown wheel (12).
Insert the snap ring (11) in order to fix 
the flange (13) in the crown (12).

Carefully check that ring (11) is properly 
inserted in the slot of the crown (12).

⑧

※

Fit the complete crown flange.

In order to fasten the flange, use a plastic 
hammer and alternately hammer on  
several equidistant points.

Install the security flange (14).

⑨

※

⑩

Coat the nuts (23) with loctite 242 and 
screw them.

⑪
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Tighten nuts (23) in two stages, using the 
criss-cross method.

·Initial torque wrench setting : 
9.18 kgf·m (66.4 lbf·ft)

·Final torque wrench setting : 
10.2 kgf·m (73.8 lbf·ft)

Install the axle shaft (27), making sure 
that it is properly inserted into braking 
disks and differential unit.

Check the continuous rolling torque on 
the hub. 

·Torque : 0.71~2.04 kgf·m 
 (5.14~14.8 lbf·ft)

⑫

⑬

⑭

Check the condition and position of the 
O-ring (25).

※
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Install the spherical washer (19).⑮

Install planetary gears complete with 
roller bearing (17).

16

Check the concentricity of the planetary 
gear, the seat and friction washers.

 Using a screw M6 install the pin (16).

18

Install the others friction washers.

Two friction washers for every planetary 
gear.

17
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Carefully check that pin is completely 
inserted and install the snap rings (15).

  Fit the planetary gear cover (21) onto the 
wheel hub (26).

·Torque wrench : 2.04~2.55 kgf·m 
 (14.8~18.4 lbf·ft)

20

19
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1

SERVICE AND NEGATIVE BRAKESERVICE AND NEGATIVE BRAKE

    Assembly diagramAssembly diagram

2)

(1)(1)

Loosen the unlocking screws (30) and 
remove both stop washers (32).

②

DisassemblyDisassembly

Connect an external pump to the union 
piece “P1” of the negative brake and 
introduce a pressure of 15~30 bar to 
eliminate the pressure of the belleville 
washers.

Perform all operations on both arms.

①

※

(2)(2)
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Insert block screws to end stroke and 
release pression.

③

Sling the arm to be removed and connect 
it to a hoist, remove screws.

④

Take off the arm and lay it down vertically.

Remove the brake discs one after the 
other (2).

  If they are not to be substituted, do not 
mix up the sequence.

⑤

⑥

※
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Remove the flange (3) complete with the 
discs.

⑦

In order to keep the disc springs of the 
negative brake preloaded, screw down 
the screws with washers to the end stop.

⑧

Remove the negative brake locking 
screws (30).
Always exchange the O-ring (31).

Loosen the before installed provisional 
screws in the same sequence and same 
measure.

⑨

⑩
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Remove the negative brake locking 
screws (30). Always exchange the O-ring 
(31).

⑪

Pull out brake piston assembly module 
(22).

Turn upside down the brake module and 
with a pin driver remove the locking pin 
of the slotted nut.

Check locking screw (33) of the brake 
piston module.

⑫

⑬

※
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Sign the position of the slotted nut.⑭

Bring the piston group below a press, 
compress the cup springs and loosen 
the metal ring.

⑮

Remove nut (29).16

Remove the disc springs (28).17
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Applying air pressure, remove the piston 
(27) of the negative brake.

18

Using a new screw remove the pressure 
seal caps.

Remove the reversal springs (11).20

19

Remove the adjusting screws (5).21
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Remove the service brake piston (4).22

Remove the three bolts (24).23

Remove the O-rings and the anti-extru-
sions rings from the service brake, the 
negative brake piston and from the     
piston.

24
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C = A - B
141.0 - 19.0 = 122 mm
C = arm quote
D1 = D + G + F
26.0 + 0.75 + 0.2 = 26.95 mm
D = tickness of discs pack
G = brake discs gap
F = fix quote
E = C - D1
122 - 26.95 = 95.05 mm
E = piston pack quote

AssemblyAssembly(3)(3)
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Zero the centesimal calibre between the 
support plane and the centring arm.

Then measure the distance between the 
arm support plane and the piston pack 
stop.

①

②

Measure the distance between the disk 
support plane and the arm support 
plane.
Subtract the value “B” from the value “A” 
to obtain the effective dimension “C” of 
the arm containing the brake disks and 
the piston pack.

③

Bring the disk pack beneath a press, load 
with 1000 kg, then measure the dimen-
sion “D”.
Add the play “G” and the fixed value “F” 
(equal to 0.2 mm) to the value “D”.

Do not take into account the thickness 
between the press piston and the disks.

④

※



7-205

To determine the value “E” of the piston 
pack, subtract value “C” from value “D1”.

Insert the service brake piston (4) ham-
mering alternately with a plastic hammer.

Insert the bolts (24).

⑤

⑥

⑦

Turn upside down and insert the nega-
tive brake piston (27).

⑧
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To determin the level “E” the slotted nut 
has to be operated without spring mount-
ed.

To define the level “E” adjust the slotted 
nut always to the smaller value by driving 
to the closer notch.

※

※

Before removing the slotted nut in order 
to insert the springs, note down the dis-
tance “H” from the plane to the tooth 
near the pin.

Sign.

Remove the service brake piston (4).

⑨

※

⑩

E = 95.05 mm
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Complete the O-rings and anti-extrusion 
rings on all pistons.

The O-rings always have to be assem-
bled from the pressure facing side.

⑫

※

Insert the stroke automatic regulation 
springs (6); place them in line with the 
piston (4).

⑪

Insert the service brake piston (4) ham-
mering alternately with a plastic hammer.

⑬

Fit the adjusting screws (5).
Apply loctite 242 to the thread.

·Torque wrench setting :  
0.51~0.71 kgf·m (3.69~5.16 lbf·ft)

⑭
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Fit the reversal springs (11) on the piston 
(4).
Apply loctite 242 to the thread of the 
adjustment screw.
Tighten with torque wrench setting of 
1.02~1.53 kgf·m (7.38~11.1 lbf·ft)

⑮

Insert the stroke end seal caps.16

Insert the disc springs in the right posi-
tion (28).

18

Insert the negative brake piston (27).17
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Insert at the bottom the piston of the 
negative brake (27) and screw up the 
slotted nut (29).

19

Screw down the slotted nut to the earlier 
determined position.

20

Check the earlier measured distance “H” 
from the plane to the tooth next to the 
pin.

Alternately tighten with a torque wrench 
setting of maximum 4.59 kgf·m (33.2 
lbf·ft).

21

22
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Check locking screw (33) of the brake 
piston module.

※

Put the pin in locking (21) position.23

Insert the brake module facing the input 
holes to the top.

24

Insert the piston to the end stop by alter-
nating light strokes and remove the 
screws.

25
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Remove the two auxiliary screws.

Install the flange (3) on the arm.

Insert the brake discs (1) (2) in the right 
sequence.

The first brake disc to be inserted must 
be of friction material.

27

※

28

29

Insert the negative brake unlocking 
screw (30) up to the end stop.

26
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Insert the brake discs (1) (2) in the right 
sequence.

The last brake disc to be inserted must 
be of metal material.

Insert the screws and tighten them alter-
nately.

31

※

30

Remove the negative brake locking 
screws (30).
Fit the special tool T4 into the seat of the 
manual release of the screws, insert a 
comparator and pre-load it with 1 mm.

Introduce a pressure of maximum 25 bar.

32

33
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Once the pressure is inserted into the 
circuit the comparator must give a mea-
surement equal to play X (0.75 mm).

Insert the two “U”-shaped shims and 
tighten the screws with a torque wrench 
setting of 9.69~11.7 kgf·m (70.1~      
84.6 lbf·ft).

The position of the negative brake is 
unlocked.

Check the flatness of the arms and final-
ly lock the arms with the screws (4) and 
the washer (5) using the crosstightening 
method.

※

34

35

36
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NORMAL DIFFERENTIALNORMAL DIFFERENTIAL

    Assembly diagramAssembly diagram

4)

(1)(1)

Loosen the unlocking screws (30) and 
remove both stop washers (32).

②

DISASSEMBLYDISASSEMBLY

Connect an external pump to the union 
piece “P1” of the negative brake and 
introduce a pressure of 15~30 bar to 
eliminate the pressure of the belleville 
washers.

①

(2)(2)
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Insert block screws to end stroke and 
release pression.

③

Remove the brake side arm and the 
brake discs pack.
Sling the arm to be removed and connect 
it to a hoist, remove screws of the crown 
wheel side arm.
Remove the arm together with the pack 
of the braking disks.
Place the arm on a bench.

④

Remove the fitting screws from the mid-
dle cover.

Insert a screw-driver in the opposing 
slots then force and remove the middle 
cover.

⑤

⑥
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  If the bearings need replacing (13), 
extract the external thrust blocks of the 
bearings (13) from middle cover and cen-
tral body.

Accurately check the O-ring.

⑦

※

Pull out the differental (14).⑧

If the bearing need replacing, extract the 
bearing (13) from the differential carrier.

Remove fixing screws (24) of the crown 
wheel (11); exchange each time when 
removed.

⑨

⑩
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Remove the shim washer (15).⑫

Extract the crown wheel (11).⑪

Remove the three spider blocking pins 
(20) by using a pin driver.

Remove the planetary gear (16).⑬

⑭
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Move the two opposite mounted short 
bolts (19) to the outside of the box using 
the same pin driver.

⑮

Drive out the long bolt (21) and pull out 
the spider (22) from the center.

16

Remove long bolt, spherical washers (18) 

and satellite wheels (17).

18

Remove the two half bolts (19), spherical 
washers and satellite wheels.

17
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Pull out the spider (22) from the center.19

Remove the planetary gear (16).20

Remove the shim washer (15).21



7-220

Partially insert the long bolt (21), satellite 
wheels (17) and spherical washers (21).

②

Insert the two half bolts (19), spherical 
washers (18) and satellite wheels (17).

③

Insert spider (22) and completely insert 
the long bolt (21).

④

ASSEMBLYASSEMBLY

Lubricate and insert washer (15) and 
plantary wheel (16).

①

(3)(3)
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Insert completely the bolts (19).

Center the pin holes and insert the 3V 
pins (20).

Check the free rotation of the satellite 
wheels on the bolts.

Lubricate wheel (16).

⑤

⑥

※

⑦

Insert planetary gear wheel (16).⑧
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Position the shim washer (15) on the 
crown (11).

In order to hold the shim washer (15) in 
position, apply grease to it.

Position the crown (11) on the differential 
carrier and lock it with screws (24) 
applied with loctite 270.

Secure the screws using the cross-tight-
ening method.

⑨

※

⑩

※

Tighten screws with a torque wrench: 
see table.

Always use new screws to fix the crown 
wheel. In case the screws are not thread 
locking pretreated, use loctite 270.

⑪

※

Assemble the bearing (13).

Heat the bearing to 100˚C before assem-
bling.

⑫

※
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Lock the middle cover with screws.

·Torque wrench setting for screw :
2.47~2.67 kgf·m (17.9~19.3 lbf·ft)

⑮

Position the differential unit in the central 
body with the help of a bar and fit the 
middle cover.

Thoroughly check the state of the O-ring 
and make sure that the cover is fitted 
with the oil discharge in the lower posi-
tion.

 If the bearings are replaced, insert the 
external thrust blocks in the middle cover 
and in the central body.

⑬

⑭

※

Check that the positioning of the sealing 
ring on the arm is intact; install the com-
plete arm. Lock it into position using two 
facing screws and washers.

16
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1

2

3
4

5

6
7

15

16

14

13

17

8

9
10
11

12

18

RING AND PINION ADJUSTINGRING AND PINION ADJUSTING

    Assembly diagramAssembly diagram

4)

(1)(1)

Insert the thrust block (6) and the shims 
(Sb) (7) into the arm.

Check to be at end of stroke.

②

※

AdjustingAdjusting

Setting of the crown wheel and pinionSetting of the crown wheel and pinion
Insert the thrust block of the bearing (6) 
opposit side of the crown wheel shims 
(Sb) (7) of an initial thickness of about 
0.8 mm.

①

(2)(2)
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Setting of the crown wheel and pinionSetting of the crown wheel and pinion
Insert thrust block (4) of the bearing 
shims (Sc) (3) of an initial thickness of 
about 0.75 mm.
Insert the thrust block and the shims into 
the arm.

Check to be at end of stroke.

③

※

Insert complete differential (5).

Do not damage the seat of the O-ring 
with the gearwheel.

④

※

Check the O-ring (2) and grease.

Lock the middle cover (5) with screws (4).

·Torque wrench setting for screw :
2.47~2.67 kgf·m (17.9~19.3 lbf·ft)

⑤

⑥
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Apply torque meter TM to pinion nut and 
check that torque will increase by 
0.04~0.06 kgf·m as a result of differential 
bearing preload.

·Example : pinion torque : 
0.08~0.12 kgf·m (0.58~0.87 lbf·ft)

·Pinion + differential torque : 
0.12~0.18 kgf·m (0.87~1.3 lbf·ft)

⑦

Position comparator on the center of one 
of the crown teeth, preset it to 1 mm and 
reset it to zero.
Manually move the crown in both direc-
tions to check the existing clearance 
between pinion and crown.

·Gap = 0.13~0.20 mm

⑧

Install the crown wheel side arm (1) with-
out half-axle.

To check the torque of the differential, 
neither of both halfaxles must be 
installed.

Temporarily insert all screws of the arm 
(18).

⑨

※

⑩



7-227

Check the flatness of the arms; then lock 
the arms into their final position, using 
screws adequately coated with loctite 
242.

⑪

Torque wrench setting : 13.1 kgf·m 
(94.4 lbf·ft)

Tighten using the criss-cross method.

⑫

Using a driver, fit the cap and position it 
in its seat with the snap ring.

⑬
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1
6

2

7

3

8

4
9

5
10

14
12

11

8A

BEVEL PINIONBEVEL PINION

    Assembly diagramAssembly diagram

5)

(1)(1)

Position tool T6, so as to avoid pinion 
rotation.
Unloose and remove the nut (1); also 
remove the O-ring (6).

②

DisassemblyDisassembly

Make positional marks across nut (1) 
and pinion (11) tang; If disassembly is 
awkward, heat the check nut (1) of the 
flange (2) at 80˚C.

Heating is meant to unloose the setting 
of loctite on the nut (1).

①

※

(2)(2)
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Remove the flange (2) complete with 
guard (7) by means of a puller.

③

Remove the sealing ring (3).④

Remove the sealing ring (3) and spacer 
(8A).

Sealing rings (3) must be replaced each 
time the unit is disassembled.

Remove the pinion (11), shims and dis-
tance piece.

⑤

※

⑥
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Refer and keep to the positions marked 
during disassembly.

Using a puller and a press, remove the 
inner bearing (4) from the pinion (11).

⑧

⑦

Insert a drift in the appropriate holes.⑩

Remove the thrust block of the external 
bearing (14).

⑨
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Remove the thrust block of the internal 
bearing (4) as well as the shim washers 
(10) (S).

⑪

Remove the snap ring (15). Remove the 
cap (14).

⑫
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Bring inner bearing (4), complete with 
thrust block, under comparator “DG”.

Press the thrust block centrally and carry 
out several measurements by rotating 
the thrust block.

·Example : 30 - 0.55 = 29.45 = “D”

AssemblyAssembly

Calculating pinion center distanceCalculating pinion center distance
Using a faceplate, reset a centesimal 
comparator “DG” on a calibrated block 
(whose known thickness is 30 mm).
Preload the comparator by about 3 mm.

Check nominal dimension “I” as marked 
on the pinion. Add up to or subtract from 
“I” the variation indicated as “Y” to obtain 
the actual center distance “I”.

·Example : I=INT±Y=98-0.1=97.9 mm

Calculate shims “S” for insertion under 
the thrust block of the inner bearing using 
the following formula :
S = X - (I+D) where :
X = Fixed dimension I = actual pinion   

center distance
D = Total bearing thickness ;
Example : 

S = 128 - (97.9+29.45) = 0.65 mm

②

※

③

④

①

(3)(3)
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Using special tool T7.
Partially insert the thrust block of the 
bearings (4) and shims (10).

Connect the tension rod to the press and 
move the thrust block of bearings (4) (14) 
into the seats.
Disconnect the press and remove the 
tension rod.

Before starting the next stage, make sure 
that the thrust block has been completely 
inserted into its seat.

⑤

⑥

※

Calculating pinion bearings rolling Calculating pinion bearings rolling 
torquetorque
Introduce tool T8 complete with bearings 
(4) and (14) into the main body (12); 
tighten by hand until a rolling torque is 
definitely obtained.

⑦

Introduce the tracer of a depth compara-
tor “DDG” into either side hole of tool T8.
Reset the comparator with a preload of 
about 3 mm.

⑧
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Remove the comparator and take out 
tool and bearing kits from the main body.
Reinstall every part, also introducing a 
distance piece between bearings (4) and 
(14). Tighten the entire pack by hand.

⑨

Assemble on top of the tool T8 and 
between the two bearings the shim (5) 
and the largest calibrated shim (9).

⑩

Measur the difference H using a dial 
gauge DDG.

⑪

Calculate the shim S2 to be inserted.
E.g. S2 = H + X = 3.01 mm where X = 
fixed value to obtain = 0.07~0.08 mm

⑫
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Heat the external bearing (14) to a tem-
perature of about 100˚C and fit it on to 
the pinion (11) so as to complete the 
pack as shown in the figure.

Lightly lubricate bearing with SAE85W90 
oil.

Fit the pinion (11), shim “S1” (10) and 
distance piece (5), (9) in the main body 
(12).

The finer shims must be placed in- 
between the thicker ones.

⑬

※

⑭

※

Insert the spacer (8A). 

Check the using of the friction washers.

⑮

※

Install the flange (2) onto the pinion (11) 
without sealing ring.

16
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Lock the wrench T6, rotate the pinion 
using a dynamometric wrench, up to a 
minimum required torque setting of 
26.5~30.6 kgf·m (192~221 lbf·ft).

18

Install the nut (1) without loctite 270.17

Apply onto the pinion (1) the bar-hold 
and with the help of a torque meter, 
check the torque of the pinion (1).

·Torque : 0.08~0.12 kgf·m 
(0.58~0.87 lbf·ft)

If torque exceeds the maximum value, 
then the size of shim “S1” (4) between 
the bearing (9) and the distance piece 
(3) needs to be increased. If torque does 
not reach the set value, increase the 
torque setting of the ring nut (10) in      
different stages to obtain a maximum 
value of 51 kgf·m (369 lbf·ft).
If torque does not reach the minimum 
value, then the size of shim “S1” (4) 
needs to be reduced. When calculating 
the increase or decrease in size of shim 
“S1”, bear in mind that a variation of shim 
of 0.01 mm corresponds to a variation of 
0.06 kgf·m (0.44 lbf·ft) in the torque of 
the pinion (1).

※

※

19
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Make positional marks across nut (1) 
and pinion (11) tang; then remove nut 
and flange (2).

20

Apply Arexons rubber cement to the 
outer surface of the new seal ring (3) and 
fit ring in the main body (12) using driver 
T9.

21

Oil seal ring lips and install flange (2).
Mount O-ring (6) and apply loctite 270 to 
pinion tang; tighten nut (1).

22

Tighten the nut until the match marks 
made at stage “a” line up.

23
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1. REMOVAL AND INSTALL1. REMOVAL AND INSTALL

GROUP  8  RCV LEVER

 

⚫ REMOVAL  
1) Lower the work equipment to the ground and stop the engine. 
2) Operate the control levers and pedals several times to release the remaining 

pressure in the hydraulic piping. 
3) Loosen the breather slowly to release the pressure inside the hydraulic tank. 
4) Loosen the socket bolt(1).
5) Remove the cover of the console box(2).
6) Disconnect pilot line hoses(3). 
7) Remove the pilot valve assembly. 

 
 

⚫ INSTALL 
1) Carry out installation in the reverse order to removal. 
2) Confirm the hydraulic oil level and check the hydraulic oil leak or not. 

 

  

 

  



⚫ STRUCTURE 
 

 
1  Body 2  Short adaptor  3  Long adaptor 4  Spool 
5  Spring seat 6  Return spring 7  Reduce spring 8  Lock Washer 
9  Bullet 10 Guider ring 11 Fixing flange 12 Press flange 
13 Circle flange 14 In rubber bellow  15 Rubber bellow 16 Cardon Joint 
17 Selector  18 Link nut 19 Lock nut 20 Handle 
21 Bent joint 22 Piston   
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⚫ TOOLS  
1) Allen wrench: Hex. 4 mm 
2) Spanner: Hex. 22mm; 18mm; 
 
⚫ Tightening Torque 

Part name Item number Tool size Torque 

Cardon Joint 16 18mm 24Nm 

Link nut 18 22mm 24Nm 

Lock nut 19 22mm 24Nm 

adaptor 2, 3 19mm 24Nm 
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⚫ DISASSEMBLY 
1) Fixing the joysticks on available Fixture or Bench vice Be attention to protect the body by 

covering closes or soft rubber 
2) Loosening the rubber bellow and unfold it  

 
 

3) Remove the circle rubber bellow(14) and after to the handle kits(20), to use one wrench 

fix the Link nut(18), and another wrench to loosen lock nut(19)

   

 

4) Remove the link nut(18), it need an auxiliary Pin or screwdriver to insert the hole on the 

selector(17), the loosen the link nut(18). And after to remove the Selector(17) by the 

screwdriver too  

               
  

Fixture lock force direction 

Rubber bellow 

unfold direction 

Fix wrench 
loosen wrench 

remove 
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5) To disassembly the circle flange(13), to use hex.4 mm Allen wrench loosen the fix screw 

on this flange

                   
 

6) To disassembly Cardon Joint(16)

 

 

 

7) Remove the press flange (12) and fixing flange (11) 

               

  

Allen wrench 

4mm 

Wrench 18mm 

Press flange 

Fixing flange 
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8) Disassembly the pilot curve kits the four kits is the same composition  

 

 

9) Disassembly the curve kits, the seal will not be separated to repair, and it need to replaced 

with piston together as the relative parts list  

 

10) Cleaning the internal parts

i) Put all parts in rough cleaning vessel  filled with kerosene and clean them  , this is 
a basic  cleaning process  

ii) Put parts in final cleaning vessel filled  with kerosene, turning it slowly to clean  
them even to their insides, this is the best cleaning process  

iii)  It’s not to recommend to remove the rusty and instead of to change new parts if 
it’s serious  
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⚫ ASSEMBLY 
1) The curve kits assembly, to follow below view sequence to assembly these parts, and push 

the guider ring(10), and then inert the lock ring(8), make the curve be a whole kits 

 

 

 

 

2） To put all kits in the body cavity

 

 

3) Put the piston(22) and bullet(9) 

 

 

  

Push  

Insert  
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4) Put Fix flange(11) and press flange(12), then lock it by Cardon Joint(16) 

 

 

5）The next assembly procedure will be a opposite operation of disassembly 

 

6)  Inject volatile rust- preventives through all ports and then put blind plugs in ports. 
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1. REMOVAL AND INSTALL1. REMOVAL AND INSTALL

REMOVAL REMOVAL 

Lower the work equipment to the ground 
and stop the engine.

Operate the control levers and pedals 
several times to release the remaining 
pressure in the hydraulic piping.

Loosen the breather slowly to release the 
pressure inside the hydraulic tank.
Escaping fluid under pressure can Escaping fluid under pressure can 
penetrate the skin causing serious penetrate the skin causing serious 
injury.injury.
When pipes and hoses are disconnect-
ed, the oil inside the piping will flow out, so 
catch it in oil pan.

Disconnect all hoses.

Sling the turning joint assembly (1) and  
remove the mounting bolt (2).
·Weight : 30 kg (70 lb)
·Tightening torque : 14.7±2.2 kgf·m

          

Remove the turning joint assembly.
When removing the turning joint, check 
that all the hoses have been disconn-
ected.

GROUP  9  TURNING JOINT

1

1

2

1)1)

(1)

(2)

(3)

※

(4)

(5)

(6)
※

INSTALL INSTALL 

Carry out installation in the reverse order 
to removal.
Take care of turning joint direction.
Assemble hoses to their original positions.
Confirm the hydraulic oil level and check 
the hydraulic oil leak or not.

2)2)

(1)

※

※

※

(106±15.9 lbf·ft)
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2. DISASSEMBLY AND ASSEMBLY2. DISASSEMBLY AND ASSEMBLY

STRUCTURESTRUCTURE1)1)

 1 Shaft
 2 Hub
 3 Cover
 4 Spacer
 5 Shim
 6 Shim

 7 Slipper seal
 8 O-ring
 9 O-ring
 10 O-ring
 11 Wear ring
 12 Retainer ring

 13 Plug
 14 Plug
 15 Plug
 16 Hexagon bolt
 17 Spring washer

3

6
16

17
10
12
4
5

1

2

7

11
9

8

15

13 14
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16
17

3

6

4
5

10
12

11

7

11
9

8
2

Secure with hand

Work bench

V block

Wooden block

Remove wear rings (11), thirteen slipper 
seals (7) and O-rings (8, 9) from hub (2).

(5)

Place hub (2) on a V-block and by using a 
wood buffer at the shaft end, hit out shaft 
(2) to about 1/2 from the body with a 
hammer.
Take care not to damage the shaft (1) 
when remove hub (2) or rest it sideway.
Put a fitting mark on hub (2) and shaft (1).

(4)

※

※

Remove shim (6) and O-ring (7).

Remove retainer ring (12), spacer (4) and 
shim (5).

(2)

(3)

DISASSEMBLYDISASSEMBLY

Before the disassembly, clean the turning 
joint.
Loosen the bolts (16), washer (17) and 
remove cover (3).

2)2) 

※

(1)
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11

7

11
9

8
2

2

1

6

4
5

10
12

Fit shim (5), spacer (4) and retainer ring 
(12) to shaft (11).

Fit O-ring (7) to hub (2).

(3)

(4)

Set shaft (1) on block, tap hub (2) with a 
plastic hammer to install.

(2)

Fix wear rings (11), thirteen slipper seals 
(7) and O-rings (8, 9) to hub (2).

(1)

ASSEMBLYASSEMBLY

Clean all parts.
As a general rule, replace oil seals and 
O-ring.
Coat the sliding surfaces of all parts with 
engine oil or grease before installing.

3)3) 

※

※

※
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16
17

3

Install cover (3) to hub (2) and tighten 
bolts (16) with washer (13).

(5)
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1. REMOVAL AND INSTALL1. REMOVAL AND INSTALL

BUCKET CYLINDERBUCKET CYLINDER

RemovalRemoval

Expand the arm and bucket fully, lower 
the work equipment to the ground and 
stop the engine.
Operate the control levers and pedals 
several times to release the remaining 
pressure in the hydraulic piping.

Loosen the breather slowly to release Loosen the breather slowly to release 
the pressure inside the hydraulic tank.the pressure inside the hydraulic tank.
Escaping fluid under pressure can Escaping fluid under pressure can 
penetrate the skin causing serious penetrate the skin causing serious 
injury.injury.

 Fit blind plugs in the hoses after disconn-
ecting them, to prevent dirt or dust from 
entering.

 Set block between bucket cylinder and 
arm.

GROUP  10  BOOM, ARM AND BUCKET CYLINDERS

1)1)

①

(1)(1)

※

※

※

Disconnect bucket cylinder hoses (4) 
and put plugs (5) on cylinder pipe.

③

Remove bolt (2), nut (3) and pull out pin 
(1).
Tie the rod with wire to prevent it from 
coming out.

②

※

Wooden block

Arm

Bucket Cylinder

3

2
1

4

4

5

R5577CY03
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InstallInstall
Carry out installation in the reverse order 
to removal.

When aligning the mounting position When aligning the mounting position 
of the pin, do not insert your fingers in of the pin, do not insert your fingers in 
the pin hole.the pin hole.
Bleed the air from the bucket cylinder.
Confirm the hydraulic oil level and check 
the hydraulic oil leak or not.

8

6

5

①

※

※

(2)(2)

Sling bucket cylinder assembly (8) and 
remove bolt (6) then pull out pin (5).
Remove bucket cylinder assembly (8).
·Weight : 30 kg (70 lb)

④

⑤
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ARM CYLINDER ARM CYLINDER 

RemovalRemoval

Expand the arm and bucket fully, lower 
the work equipment  to the ground  and 
stop the engine.
Operate the control levers and pedals 
several times to release the remaining 
pressure in the hydraulic piping.

Loosen the breather slowly to release Loosen the breather slowly to release 
the pressure inside the hydraulic tank.the pressure inside the hydraulic tank.

Escaping fluid under pressure can Escaping fluid under pressure can 
penetrate the skin causing serious penetrate the skin causing serious 
injury.injury.
Fit blind plugs in the hoses after disconn-
ecting them, to prevent dirt or dust from 
entering.

 Set block between arm cylinder and 
boom.

Arm cylinder

Block

2

1

45

2)2)

①

(1)(1)

※

※

※

Disconnect arm cylinder hoses (4) and     
put plugs on cylinder pipe.
Disconnect greasing pipings (5).

③

④

Remove bolt (2) and pull out pin (1).
Tie the rod with wire to prevent it from 
coming out.

②

※
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InstallInstall
Carry out installation in the reverse order 
to removal.

When aligning the mounting position When aligning the mounting position 
of the pin, do not insert your fingers in of the pin, do not insert your fingers in 
the pin hole.the pin hole.
Bleed the air from the arm cylinder.
Confirm the hydraulic oil level and check 
the hydraulic oil leak or not.

①

※

※

(2)(2)

Sling arm assembly (8) and remove bolt 
(7) then pull out pin (6).
Remove arm cylinder assembly (8).
·Weight : 50 kg (110 lb)

⑤

⑥

8

6

7
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BOOM CYLINDER BOOM CYLINDER 

RemovalRemoval

Expand the arm and bucket fully, lower 
the work equipment to the ground and 
stop the engine.
Operate the control levers and pedals 
several times to release the remaining 
pressure in the hydraulic piping.

Loosen the breather slowly to release Loosen the breather slowly to release 
the pressure inside the hydraulic tank.the pressure inside the hydraulic tank.

Escaping fluid under pressure can Escaping fluid under pressure can 
penetrate the skin causing serious penetrate the skin causing serious 
injury.injury.

 Fit blind plugs in the hoses after disconn-
ecting them, to prevent dirt or dust from 
entering.

Disconnet greasing hoses.
Sling boom cylinder assembly.

1

2

3

3)3)

①

②

(1)(1)

※

※

※

Lower the boom cylinder assembly (3) 
on a stand.

④

Remove bolt (2) and pull out pin (1).
 Tie the rod with wire to prevent it from 

coming out.

③

※
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4

4

3

5
6

InstallInstall
Carry out installation in the reverse order 
to removal.

When aligning the mounting position When aligning the mounting position 
of the pin, do not insert your fingers in of the pin, do not insert your fingers in 
the pin hole.the pin hole.
Bleed the air from the boom cylinder.
Conformed the hydraulic oil level and 
check the hydraulic oil leak or not.

①

※

※

(2)(2)

Remove bolt (6) and pull out pin (5).
Remove boom cylinder assembly (3).
·Weight : 60 kg (130 lb)

⑥

⑦

Disconnect boom cylinder hoses (4) and 
put plugs on cylinder pipe.

⑤
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2. DISASSEMBLY AND ASSEMBLY2. DISASSEMBLY AND ASSEMBLY

STRUCTURESTRUCTURE

Bucket cylinderBucket cylinder

1)1)

(1)(1)

19
20

15

18

16

17

21

1

23
2

24
23

4

25

3

11

10

9

8

7

5

12
13

14

6

23

23

22

28

 1 Tube assembly
 2 Bushing
 3 Bushing
 4 Du bushing
 5 Rod cover
 6 Rod bushing
 7 Buffer ring
 8 U-packing
 9 Back-up ring
 10 Dust seal

 11 Retaining ring
 12 O-ring
 13 Back-up ring
 14 O-ring
 15 Back-up ring
 16 O-ring
 17 Cushion ring
 18 Piston
 19 Piston seal
 20 Wear ring

 21 Dust ring
 22 O-ring
 23 Back-up ring
 24 Piston nut
 25 Set screw
 26 Dust seal
 27 Grease nipple
 30 O-ring
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Arm cylinderArm cylinder(2)(2)

11
10

8 9
7

5

6
14

1312
1312

13

30

29

31

28

38
2

1 27

38

26
25

24

38
4

38
39

3

15
21

21
16

19
17

18
22

20

23

34

37

 1 Tube assembly
 2 Rod assembly
 3 Gland
 4 Dust wiper
 5 Retaining ring
 6 Rod seal
 7 Back-up ring
 8 Buffer ring

 9 DU bushing
 10 O-ring
 11 Back-up ring
 12 O-ring
 13 Piston
 14 Piston seal
 15 Dust ring
 16 Wear ring

 17 O-ring
 18 Back-up ring
 19 Steel ball
 20 Set screw
 21 Bushing
 22 Dust seal
 23 Grease nipple
 24 O-ring
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Boom cylinderBoom cylinder(3)(3)

20

21
19

17

18

22

26

1

2

30

27

25

26
3

4

11
10

8
9

7

5
6

15

12

16

13

23

30

26

26

14

13

23

24

 1 Tube assembly
 2 Rod assembly
 3 Gland
 4 Dust wiper
 5 Retaining ring
 6 DU bushing
 7 Rod seal
 8 Buck-up ring

 9 O-ring
 10 Buck-up ring
 11 O-ring
 12 Piston
 13 Piston seal
 14 Wear ring
 15 Dust ring
 16 O-ring

 17 Back-up ring
 18 Steel ball
 19 Set screw
 20 Pin bushing
 21 Dust seal
 22 Grease nipple
 23 O-ring
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Dozer cylinderDozer cylinder(4)(4)

10
11

12

9

5
4

3

26

2

15

14

13

17

24

25

22

21

20

1

27

26

27

24

27

28

16

19

18

27

6
7

8

23

 1 Tube assembly
 2 Rod assembly
 3 Gland
 5 Retaining ring
 6 Rod seal
 7 Buck-up ring
 4 Dust wiper
 8 Buffer ring
 9 DU bushing
 10 O-ring

 11 Buck-up ring
 12 O-ring
 13 Piston
 14 Piston seal
 15 Wear ring
 16 Dust ring
 17 O-ring
 18 Steel ball
 19 Set screw
 20 Pipe assembly (R)

 21 Check valve
 22 O-ring
 23 O-ring
 24 Socket head bolt
 25 Socket head bolt
 26 Pin bushing
 27 Dust seal
 28 Grease nipple
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Boom swing cylinderBoom swing cylinder(5)(5)

9
10

11
7

8
6

5
4

3

22

17
18

18

2

1

21

20

21

14

13

12

16
17

1519

18

23

23

 1 Tube assembly
 2 Rod assembly
 3 Gland
 4 Dust wiper
 5 Retaining ring
 6 DU bushing
 7 Rod seal
 8 Buck-up ring

 9 O-ring
 10 Buck-up ring
 11 O-ring
 12 Piston
 13 Piston seal
 14 Wear ring
 15 Dust ring
 16 O-ring

 17 Back-up ring
 18 Steel ball
 19 Set screw
 20 Pin bushing
 21 Dust seal
 22 Grease nipple
 23 O-ring
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TOOLS AND TIGHTENING TORQUETOOLS AND TIGHTENING TORQUE

ToolsTools(1)(1)

2)2)

B

Tightening torqueTightening torque(2)(2)

Name Specification

Allen wrench
8

10

Spanner M22

Hook spanner Suitable size

(-) Driver Small and large sizes

Torque wrench Capable of tightening with the specified torques

Part name Item Size
Torque

kgf·m lbf·ft

Gland

Boom cylinder 5 M115 70±9.7 506±70

Arm cylinder 5 M95 70±8.7 506±63

Bucket cylinder 5 M85 75±7.5 540±54

Dozer cylinder 3 M105 70±7.0 506±51

Boom swing cylinder 3 M100 70±7.0 506±51

Lock nut

Boom cylinder 22 M45 75±7.5 540±5.4

Arm cylinder 21 M39 75±7.5 540±5.4

Bucket cylinder 19 M36 75±7.5 540±5.4

Dozer cylinder 13 M39     97.5±9.8 705±71

Boom swing cylinder 16 M39     97.5±9.8 705±71
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DISASSEMBLYDISASSEMBLY

Remove cylinder head and piston rodRemove cylinder head and piston rod
Hold the clevis section of the tube in a 
vise.
Use mouth pieces so as not to damage 
the machined surface of the cylinder 
tube.  Do not make use of the outside 
piping as a locking means.

3

200mm

Cover here
with rag

Turn counter
clockwise

5

Hook spanner

Full straight
sideways

Lift

Oil pan

1

3

(1)(1)

3)  3)  

①

※

Draw out cylinder head and rod assembly 
(3) together from tube assembly (1).
Since the rod assembly is heavy in this 
case, lift the tip of the rod assembly (3) 
with a crane or some means and draw it 
out.  However, when rod assembly (3) 
has been drawn out  to approximately 
two thirds of its length, lift it in its center 
to draw it completely.

④

※

Remove rod cover (5) by hook spanner.
Cover the extracted rod assembly (3) 
with rag to prevent i t f rom being 
accidentally damaged during operation.

③

※

Pull  out  rod  assembly (3)  about  200 
mm (7.1 in).  Because the rod assembly 
is rather heavy, finish extending it with air 
pressure after the oil draining operation.

②
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3 Wooden block

2119,2015 22

Pull straight

Lift with a crane

Plastic
hammer

Remove the rod cover f rom rod 
assembly (3).
If it is too heavy to move, move it by 
striking the flanged part of gland  with  a 
plastic hammer.
Pull  it straight with cylinder head 
assembly lifted with a crane.
Exercise care so as not to damage the 
lip of Du bushing (6) and packing (8, 9, 
10, 11, 12, 13, 14) by the threads of rod 
assembly (3).

Remove piston and rod coverRemove piston and rod cover
Loosen set screw (22) and remove 
piston nut (21).
Since piston nut (21) is tightened to a 
high torque, use a hydraulic and power 
wrench that utilizers a hydraulic cylinder, 
to remove the piston nut (21).

Remove piston assembly (15), back up 
ring (19), and O-ring (20).

③

※

※

Place the removed rod assembly on a 
wooden V-block that is set level.
Cover a V-block with soft rag.

⑤

※

Note  that  the plated  surface of rod 
assembly (3) is to be lifted.   For this 
reason, do not use a wire sling and 
others that may damage it, but use a 
strong cloth belt or a rope.

(2)(2)
①

※

②
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18 1716

910,11 12,138 6,7

Disassemble gland assemblyDisassemble gland assembly
Remove back up ring (12) and O-ring 
(13).
Remove snap ring (11), dust wiper (10).
Remove U-packing (9) and buffer seal 
(8).
Exercise care in this operation not to 
damage the grooves.
Do not remove seal and ring, if does not 
damaged.

(4)(4)
①

②

③

※

※

Disassemble the piston assemblyDisassemble the piston assembly
Remove wear ring (17).
Remove dust ring (18) and piston seal 
(16).
Exercise care in this operation not to 
damage the grooves.

(3)(3)
①

②

※
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Metal

Press here
(Straight down)

10

Push bar

9

RightWrong

U-packing (9) has its own fitting direction.   
Therefore, confirm it before fitting them.
Fitting U-packing (9) upside down may 
damage its lip.  Therefore check the 
correct direction that is shown in fig.

※

※

Fit U-packing (9) and buffer seal (8) to 
corresponding grooves, in that order.
Coat each packing with hydraulic oil 
before fitting it.
Insert the backup ring until one side of it 
is inserted into groove.

④

※

※

Coat dust wiper (10) with grease and fit 
dust wiper (10) to the bottom of the hole 
of dust seal.
At this time, press a pad metal to the 
metal ring of dust seal.
Fit snap ring (11) to the stop face.

②

③

ASSEMBLYASSEMBLY

Assemble cylinder head assemblyAssemble cylinder head assembly

Check for scratches or rough surfaces if 
found smooth with an oil stone.
Coat the inner face of rod cover (5) with 
hydraulic oil.

(1)(1)

4) 4)  

※

①
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12,13

16

1718 15Fit wear ring (17) and dust ring (18) to 
piston (15).

③

Fit piston seal (16) to piston.
Put the piston seal in the warm water of 
60~100˚C  for more than 5 minutes.
After assembling the piston seal, press 
its outer  diameter to fit in.

②

※

※

Fit back up ring (12) to rod cover (5).
Put the backup ring in the warm water of 
30~50˚C .
Fit O-ring (13) to rod cover (5).

⑤

※

⑥

Assemble piston assemblyAssemble piston assembly

Check for scratches or rough surfaces.
If found smooth with an oil stone.
Coat the outer face of piston (15) with 
hydraulic oil.

(2)(2)

※

①
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Gland assembly

Rod assembly

Piston assembly

2122
Fit piston nut (21) and tighten the set 
screw (22).
·Tightening torque :

⑤

Fit piston assembly to rod assembly.④

Install piston and cylinder headInstall piston and cylinder head
Fix the rod assembly to the work bench.
Apply hydraulic oil to the outer surface of 
rod assembly (3), the inner surface of 
piston and cylinder head.
Insert cylinder head assembly to rod 
assembly.

(3)(3)
①

②

③

Item kgf·m lbf·ft

Boom 22  75±7.5 540±54

Arm 21  75±7.5 540±54

Bucket 19  75±7.5 540±54

Dozer 16    97.5±9.8 705±71

Boom swing 16    97.5±9.8 705±71
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2

Fix with a bar

Straight

Lift

Appply liquid packing

Cover here
with rag

Turn clockwise

Hook spanner

Overall assembleOverall assemble
Place a V-block on a rigid work bench.
Mount the tube assembly (1) on it and 
fix the assembly by passing a bar 
through the clevis pin hole to lock the 
assembly.
Insert the rod assembly in to the tube 
assembly, while lifting and moving the 
rod assembly with a crane.
Be careful not to damage piston seal by 
thread of tube assembly.

Match the bolt holes in the cylinder head 
flange to the tapped holes in the tube 
assembly and tighten socket bolts to a 
specified torque.
Refer to the table of tightening torque.

(4)(4)
①

②

※

③

※
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1.  STRUCTURE1.  STRUCTURE

GROUP  11  WORK EQUIPMENT

D

D

C

B

A
A

SECTION A-A

B

SECTION B-B

C

SECTION C-C SECTION D-D SECTION E-E

E

E
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2. REMOVAL AND INSTALL2. REMOVAL AND INSTALL

BUCKET ASSEMBLYBUCKET ASSEMBLY

RemovalRemoval
Lower the work equipment completely to 
ground with back of bucket facing down.

(1)(1)
①

1)1)

InstallInstall
Carry out installation in the reverse order 
to removal.

When aligning the mounting position When aligning the mounting position 
of the pin, do not insert your fingers in of the pin, do not insert your fingers in 
the pin hole.the pin hole.
Adjust the bucket clearance.
For detail, see operation manual.

(2)(2)
①

※

Remove nut (1), bolt (2) and draw out the 
pin (3) then remove the bucket assembly.
·Weight : 170 kg (370 lb)

③

Remove nut (1), bolt (2) and draw out the 
pin (4).

②

4

2

1

3

2

1
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ARM ASSEMBLY ARM ASSEMBLY 

RemovalRemoval

Loosen the breather slowly to release 
the pressure inside the hydraulic tank.
Escaping  fluid  under  pressure  can Escaping  fluid  under  pressure  can 
penetrated the skin causing serious penetrated the skin causing serious 
injury.injury.

Remove bucket assembly.
For details, see removal of bucket 
assembly.
Disconnect bucket cylinder hose (4).

Fit blind plugs (5) in the piping at the Fit blind plugs (5) in the piping at the 
chassis end securely to prevent oil chassis end securely to prevent oil 
from spurting out when the engine is from spurting out when the engine is 
started.started.

Sling arm cylinder assembly, remove 
spring, pin stopper and pull out pin.
Tie the rod with wire to prevent it from 
coming out.

For details, see removal of arm cylinder 
assembly.
Place a wooden block under the cylinder 
and bring the cylinder down to it.
Remove bolt (1) and pull out the pin (2) 
then remove the arm assembly.
·Weight : 210 kg (470 lb)
When lifting the arm assembly, always lift 
the center of gravity.

1,2

(1)(1)

※

①

②

③

※

④

⑤

※

2)2)

InstallInstall
Carry out  installation in the reverse 
order to removal.
When lifting the arm assembly, always lift 
the center of gravity.
Bleed the air from the cylinder.

(2)(2)
①

※

※

4

4

5
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BOOM CYLINDERBOOM CYLINDER

RemovalRemoval
Remove arm and bucket assembly. 
For details, see removal of arm and 
bucket  assembly.
Remove boom cylinder assembly from 
boom.
For details, see removal of arm cylinder 
assembly.

1,2

3,4,5

(1)(1)
①

②

3)3)

InstallInstall
Carry out installation in the reverse order 
to removal.
When lifting the arm assembly, always lift 
the center of gravity.
Bleed the air from the cylinder.

(2)(2)
①

※

※

Remove bolt (3), nut (4) and pull out the 
pin (5) then remove boom assembly.
·Weight : 310 kg (680 lb)
When lifting the boom assembly always 
lift the center of gravity.

⑥

※

Disconnect head lamp wiring.
Disconnect  bucket cylinder  hose (2) 
and arm cylinder hose (1).

When the hose are disconnected, oil When the hose are disconnected, oil 
may spurt out.may spurt out.

Sling boom assembly (3).

③

④

⑤
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