770 Multikrane
SERVICE MANUAL

M PETTIBONE

P/N 1001828P




770-Multikrane
SERVICE MANUAL

* PAGY001828P-




ceneat 1

— ELECTRICAL

STEEHING

POWER TRAIN

BRAKES

HYDRAULIC
CHASSIS/
MOUNTED -
EQUIPMENT |




3330E CARRYDECK CRANE

TABLE OF CONTENTS
SERIES/SECTION SECTION NO.
1 GENERAL ,
General Specifications . . . ... .......... e 1010
Maintenance and Lubrication. . . .. .. ........... . ¢ . 1050
Torque Specifications . . . ... .. ................ 1051
General Cleaning Instructions . . . ... ........ e 1055
SafetyRules . .. ......... e e e e 1056
2 ENGINE °
EngineDiagnosis. . . . ... .. .. ... ... . ... . . ..., 2001
" Engine and Power Train Removal and Installation . . . . ... ... 2050
ChangingEngineQil . . ................. e 2051
3 OMITTED
4 ELECTRICAL SYSTEM
Diagnosis, TestsandChecks . . .. .. .............. 4002
Electrical Accessories . . . . .. ........... . ..0.... 4015
5 STEERING
Diagnostic, TestsandChecks . . .. ................ 5002
SteeringControlValve . . . . . ... ................ 5007
SteeringCylinder . . . . . ........... e e e . ... 5010
" Steering Axleand TieRod . . . . .. e e e e e e e 5021
6 POWER TRAIN _
Transmission General Information and Troubleshooting . . . . . . . 6102
Transmission HydraulicLlines . ... ................ 6108
‘Torque Converter and Powershift Transmission . . . .. .. .. .. 6110
DriveShafts . ...............c.. ... 6122
Drive Axle (Rockwell) . . . . ... .................. 6126
Drive Axle (Hurth) . . . ... .. ......... ... . ...... 6126A
Front Steering and Drive Axle (OptionalHurth) . . ... ... ... 6127
WheelsandTire . ... ... ....... ... ..., 6129
7 BRAKES
Diagnostic Testsandchecks . . . . ... ....... e e e e e e 7102
Brake MasterCylinder . . . . .. .. ................ 7106
AdeBrakes. . . . .. ... ... ... .. e e e 7121
ParkingBrake . ... ............ .. .. . ... 7129
8 HYDRAULIC SYSTEM .
Maintenance Service . . . . . .. ... ... ... .. ... ... 8201
Diagnostic TestandChecks . . . . ... .............. 8202
Equipment HydraulicPump . ... ... .............. 8205
MainControlValve . . . . . ... .. ................ 8207
Outrigger HydraulicCircuit . . . . .. ... ............. 8209




PRODUCT
IDENTIFICATION

NUMBER PLATE
U ‘ [

/‘\\s’ AL

Ry rontinental
TYPICAL NAMEPLATE

o e T T e
c .".'-':‘ g & — 00
..-- —--'.‘. - o 3 =-

R i O il B N
b ] oo N oot L R

;e __unm —— i

e

EXAMPLE DATA PLATE

_ Figure 1, Machine Figure 2. Englnd
Serial Number Plate . Serial Number Plate




- 3330 CARRYDECK CRANE
TABLE OF CONTENTS (CONTD.)

SERIES SECTION

8 HYDRAULIC SYSTEM (CONT.D) X
Swing Hydraulic Circuit and Swmg Motor ,
Hoist Hydraulic Circuit . . . . . .. . . e
Crowd Hydraulic Circuit . . . . . ... .. I
Main Winch Hydraulic Circuit . . . . . .. e
Hydraulic Swivel . . . .. ........ S T T R
HydraulicCylinder . . .. ........ e e e e

9 CHASSIS MOUNTED EQUIPMENT ‘
Controlsandlinkage ................ f e e e e e 9206
outriggers . . .. ............. '

Swing Gear '
Boom and Jib Tl .

Winch, Auxiliary Winch, Sheaves and WireRope . . . . ... ... 9213
Mast, Bearingand RelatedParts . . . ... ............ 9216




Section
1010

GENERAL SPECIFICATIONS




1010-2

DIRECTIONS

All directions in this manual are given in relation to operatator's seat.
Left is the opeator’s left, right is the operator's right. Boom references
are thesame as for the machine when the boom is over the front of the

machine.

NOMENCLATURE

1. Inner Boom

2. Intermediate Boom

3. Main boom '

4. Sequencing Boom Location
§. Crowd Cylinder Location

6. Mast -

7. Operator’s Compartment
8. Engine Compartment

9. Outrigger

10. Steering Axle

O

LEFT FRONT SIDE VIEW

11. Drive Axle ,

12. Recessed Mounted Winch Location (Optional)

13. Hydraulic Valve Location

14. Right Side - Fuel Tank Location

15. Swing Gearbox and Motor Location

16. Hoist Cylinder '

17. Winch Gearbox, Brake and Motor

18. Drop Block .
19. Double-Blocking Cutout
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SPECIFICATIONS
ENGINE . _
Model Continental TM2.7 Cummins 4B3.9
Type Gas Diesel
Number of Cylinders 4 4
Bore and Stroke 3.58" x 4.06" 4,02" x 4.72"
(91 mm x 103 mm) (102 mm x 120 mm)
Displacement | 104 CID (2.7 L) 2.38CID (3.9L)
Horsepower at Governed Speed 71 58
Governed Speed 2200 RPM 2200 RPM
Low ldle 400-600 RPM 750 RPM
High Idie 2380-2420 RPM 2500 RPM
Compression Ratio 82:1 82:1
Air Cleaner Dry Type Dry Type
BOOM ‘
Construction . . . . . . .. e e e Welded box sections
NumberofSections ... ............ e e e e e e e e e e e e e e e e e e e e 3 standard*
NumberofSheaves ... ..................... e e e e e et e e e e e e e e e e e 2
Sheave Diameter . . . . . . . . . . e e e e 10.75 in. (273 mm)
*4-Section Boom Optional '
MAST ROTATION - 360° ‘
MastBearing . . . . . ... .. ...t Single race. 22.62 in. (575 mm) diameter
" SwingDrive Mechanism . . . . . ... .. ... .. e Hydraulic motor driven gear reducer
Swing Speed . . . . .. e 2.05 RPM
ELECTRICAL SYSTEM ' ’
Type . . .. ... e e e e e e e e e e 12 volts, direct current
Atemator . . . . . . ... e 530 CCA @ 0° F (-18° C) for 30 second rate
HYDRAULIC SYSTEM
MainPump . . . . .. e 2-section, gear pump
MainControlValves . . . ... ... ...... ... . uuuii.. Four-way, open-center, manually actuated
SWINgMoOtOr . . . . . e e Single section, gerotor
Hydraulic Oil Y- (1) 1-—-micron filter in hydraulic line from vaives
(1) 30-mesh diffuser inside hydraulic oil tank
HydraulicCylinders . . . .. .. ........... Double-acting cylinders for hoist, crowd,steering and outriggers
HydrauliicQilTank . ................. 23.5 gal. (89 L) capacity, steel construction with internal baffles
WIRE ROPE
Wire Rope -- Main Winch
) Diameter . . . . . e e e e e e e 716in. (11 mm)
) TP & . i e e e e e e e 6 x 9 EIPS IWRC
B)length . . . . ... e e e Standard 3-section boom - 150 ft. 45.7 m)

Optional 4-section boom - 204 ft. (62.2 m)
Wire Rope -- Auxiliary Winch
) Diameter . . . ... ......... ... .. ..., e e e e e e e e 1/4" (6 mm)
2 Length . . . e e 100 ft. (30.5m)
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SPECIFICATIONS (CONT’D)

TORQUE CONVERTER

Model . . . . . o Borg Wamer S-11
L - Hydraulic
TRANSMISSION <
e PS-720
L < 2 e e e e e e e e e Powershift
Gear Ratio: ‘
Bt L L e 5.718:1
Second . ................... S 3.225:1
L 1.77:1
Fourth . . o e e 1.0:1
AXLE, FRONT DRIVE (EARLIER UNITS)
Type . . ... e e e e e e e e e e e Rockwell Intemational
Ratio .. ............ . ... . ... e e e e e e e e e e e e e e e 6.8:1
AXLE FRONT DRIVE (LATER UNITS)
PP . o e e e Clark-Hurth
Ratio ........... ... ... . ... ..., P e e e e e e e e e e 4.25:1
AXLE, FRONT DRIVE/STEER (Optional)
L - T Clark-Hurth
Ratio .................. e e s . . 104311 (Bevel Gear & Planetary)
AXLE, REAR STEERING |
L 1 Shuttlelift
TIRES
12PRPneumatic . . . . .. .. . e e e e e 105x 15
Tire PressuUre . . . . . . o e e e e e e e e e 100 psi (690 kPa)
WHEEL BRAKES, FRONT AXLE
Rockwell Axle:
L 1 Drum type, cam actuated
BrakeShoeSize . . . . . . . . .. .. . e e 12.5x2.5in. (318 x 64 mm)
Clark-Hurth Axle: '
Type . . .. .... e e e e e e e e e e e e e e e e e e e e e Internal wet disc brakes
WHEEL BRAKES, REAR AXLE
L - Caliper disc
DiscDiameter. . . . . . .. .. i e e e e 11.0in. (279 mm)
Location . . . . . . e e e e e e On each rear axie
OUTRIGGERS
TP . o i e e e e e e e Hydraulic

CoNstrUCtiON . . . . e e e e e e e e, Welded box
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MAINTENANCE AND LUBRICATION

Introduction

Preventive maintenance and lubrication are the normal
operations needed for safe and trouble free operation.
Preventive maintenance is the easiest and best way to
keep the machine down time to a minimum.

Hour intervals are specified according to the number of
hours the engine has run. The hourmeter, which operates

only when the engine is running, indicates the total hours

of operation. .

Run-In Period

The items given in the run-in section are to be done during
the run-in period only. ‘

Preventive Maintenance

The items in this section are separated into maximum hour
intervals. These intervals are for "average* operating
conditions. When operating under “severe" conditions, for
example, severe heat, cold, dust mud or water, increase
the interval (do the maintenance more frequently).

The following chart includes all components‘that need
regular maintenance, the maintenance interval and the
section where details can be found.

NOTE: See page 1050-6 for list of fluids and lubricants.

RUN-IN MAINTENANCE CHART

Drain fuel filters to remove water and sediment
Check control operation

Check hydraulic oil level and for leaks in the
system

Check reeving, clamps and connections

Check Tire Pressure

INTERVAL MAINTENANCE INSTRUCTION
Run-In Period after | Change engine oil See operator's manual
First 20 Hours
Check brake fluid level See operator's 'manual
Change engine oil filter See operator's manuél
Change hydraulic oil filter See operator's manual
Check hose clahps
Check tightness of swing geér box bolts
Lubricate swing gear and pinion See operator's manual
PREVENTIVE MAINTENANCE CHART
INTERVAL MAINTENANCE INSTRUCTIONS
Daily or 10 Hour | Check engine crankcase oil See operator's manual
Intervals
Check engine coolant See operator's manual

See operator's manual
Section 9206
Section 8201

Section 9213
Section 6129




PREVENTIVE MAINTENANCE CHART (CONT'D.)
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INTERVAL MAINTENANCE INSTRUCTIONS
Weekly or Every 50 | Apply grease to all lube fittings See page 1050-8
Hours
Check transmission oil level Section 6102
Check planetary lubricant (Drive/Steer Axle - | Section 6127

Hurth)

Check differential lubricant levels

Sections 6126, and 6127

Check brake fluid See operator's manual
Check oil level in winch gearbox Section 9213
Lubricate boom slides See page 1050-9
Lubricate parking brake linkage Section 7127

Two Weeks or Every | Change engine oil (Gasoline engine only) Section 2051

100 Hours ‘
Change engine oil filter Section 2051
Check tension on fan beits See operator's manual

Check engine air cleaner element

See operator's manual

Monthly or Every 250 | Change engine oil (Diesel engine only) Section 2051

Hours
Cha_nge engine oil filter (Both gasoline and diesel | Section 2051
engines
Adjust engine spark plugs (Gasoline engine only) | See operator's manual
Clean radiator fins and core Seé operator's manual
Change engine air cleaner element See operator's manual
Adjust parking brake Section 7127
Lubricate swing gear and pinion See operaior's manual
Inspect and lubricate wire rope Section 9213

Two Months or Every | Change hydraulic oil filter Section 8201

500 Hours

Change fuel filters (Diesel engine only)

See operator's manuai
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PREVENTIVE MAINTENANCE CHART (CONT'D.)

Change planetary lubricant (Drive/Steer axle -
Hurth)

Clean axle planetary breathers (Drive/Steer axle -
Hurth)

Clean axle differential breather (Rockwell axie)
Change transmission oil filter

Change hydraulic oil

Change hydraulic oil tank breather

Change winch gearbox lubricant

Clean winch gearbox breather

Clean batteries and battery posts

INTERVAL MAINTENANCE INSTRUCTION

Three Months or Every | Lubricate outrigger sliding surfaces See page 1050-9

750 Hours

Six Months or Every | Lubricate wheel bearings (Shuttlelift axle) Section 5021

1500 Hours ‘
Lubricate wheel bearings (Rockwell axle) Section 6126

‘See operator's manual

See operator's manual

See operator's manuél
Section 6102
Section 8201
Section 8201
Section 9213
Section 9213

See operator's manual

12 Months or Every
3000 Hours

Check engine coolant

Check engine fan belts

Change transmission oil

See operator's manual

See operatou"'s manual
Section 6102

IMPORTANT: Always install new decals whenever the old decals are
destroyed, lost, painted over, illegible. When individual parts are
replaced that have decals attached, be sure to install a new decal with
the new part. Replacement decals are available from your local
Carrydeck dealer.
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ENGINE OIL SPECIFICATION

Diesel Engine
Oil Performance Recommendations

CC/SF for use in naturally aspired engines and in engines
that operate in light duty service including standby and
emergency operation (equivalent to MIL-L-2104B).

Sulfated Ash Limit of 1.85% by weight recommended.
Qils with higher ash count may produce deposits on valves
that can progress to guttering and valve buming.

Do not use "break-in" lubricating oils in new or rebuilt
engines. Use iubrication oils specified for normal engine
operation.

Oll Viscosity Recommendations

The use of a multi-grade lubricating oil improves oil
consumption control and improves engine cranking in ¢old
temperatures while maintaining lubrication at high
operating temperatures. A multi-grade oil is therefore
recommended with the viscosity grades shown in the
following chart. the use of single grade lubricating oils is
not recommended, except for synthetic oils used in Artic
conditions.

J 15W4S or 20W40
-10°C "we ... .-
§ e
-23°C MOF et - ———— - - -
Synthetic ON*
Arctic Operation

IMPORTANT: SAE 5W viscosity grade synthetic oil may
be used when operating the engine in ambient
temperatures below -10° F (-23° C) providing they meet
the minimum viscosity at 212° F (100° C).

When there is no provision to keep the engine warm when
operating in ambient temperatures consistently below -10°
F (-23° C), use a lubricating oil that meets the following
requirements:

Parameter

(Test Method) Specification

Performance API Classification CC - Naturally Aspired
API Classification CC/CD - Turbocharged

Viscosity 10,000 mPa’'s Maximum at -31° F (-35° C)

0.016 inch (4.1 mm) squared minimum
at212°£(100° C)

Pour Point (asTM-97) Maximum of 41° F (5° C) below the lowest
expected ambient temperature

Sulfated Ash
Content (ASTM-
874

Maximum of 1.85% by weight

Gasoline Engine

The lubricating oil recommendation is based upon engine
design, type of service and the atmospheric temperature
prevailing. High quality oils are required to ensure

-maximum performance, long engine life, and minimum

cost of operation

* The recommended oil to be used in Continental gasoline

engines must have the following classifications:

-API, SAEg, ASTM Classification
SE, SF, SE/CD, SF/CD

Do not use SD or SC AP classification oils. These oils do
not provide adequate protection against oil oxidation, high
temperature oil deposits, rust and corrosion.

SAE Ol Body Grades

The following SAE grade are general recommendations for
Continental gasoline engines during changing seasonal
atmospheric temperatures.

AVERAGE AMBIENT TEMPERATURE AT WHICH
ENGINE STARTING IS REQUIRED

i) SAE 40 -
% ) SAE 30 iz

il SAE 20WR0 Y
s 7777022700 7
| emmmm
// ﬂ SAE 15W - 40 %
A e 7
AW B 1
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COMPONENT CAPACITIES
ITEM CAPACITY LUBRICANT/FLUID
Engine Crankcase: _
Gasoline 6qts. (5.7L) + 1 qt. See Engine Oil Specifications in
(95 L) wifilter Engine Manual
Diesel 10qts (9.5L) + 1.5 |

qt. (1.4 L) whitter

Cooling System

15qts. (14L)

1/2 ethylene glycol antifreeze,
1/2 water

Fuel Tank

18-1/2 gal. (70 L)

Continental TM 2.7 - Regular
gasoline or unleaded gasoline
with a 90 octane or higher ratingH

Cummins 4B3.9 - Diesel fuel
No. 2

Transmission

4 gal. (15.1 L)

Mobil ATF 210 or equivalent

Rockwell Axle Differential

'3-1/2 pt. (1.7 L)

EP 80-90 gear lube . For cold
weather lubricants, see Section
6126

Hurth Axie Differential 7-1/2 to 9-1/2 gts.
(7to9L)

Hurth Axle Planetary 0.70 gts. (0.66 L)

Hubs each

MIL-L-2105, API GL 4, or SAE
85 W 90 with additives for oil
immersed disc brakes

Hydraulic Tank

235 gal (89 L)

Hydraulic System -

30 gal. (114 L)

Mobil Fluid #424 or equivalent
(*ISO #46/48) -

Complete
Brake Master Cylinder

2-Wheel Drive 1pt. (05L) DOT 3 (Rockwell Axie)

' Dextron Il ATF (Hurth Axle)

4- Wheel Steer Dextron Il ATF

Swing Gearbox 2qt. (1.9L) Multi-purpose EP Lithium base
grease

Winch Gearcase 4 qts. (3.81L) 600 W cylinder oil

Swing Gear/Pinion

Open gear lube

*International Standard Organization




C ) MAINTENANCE POINTS ON LOWER STRUCTURE
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DUAL BATTERIES WHEN Tl

OPTIONAL BELOW DECK
WINCH IS INSTALLED

MAINTENANCE POINTS ON UPPER STRUCTURE
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MAINTENANCE CHART
|8
2le 5|8 HE
2133|212
s 13155121z 8|8
T (3I7 &. A @
Rlilg|z|2|2 |82
-RERH S o fo |8 .
Ref.| Component/System | Service Check
1 Engine L X Check crankcase oil
X Change Oil -(Gasoline engine)
X Change Oil - (Diesel engine)
X Change oil filter - (Both engines)
: X Adjust spark plugs
2. | Cooling System X Check coolant level
X Check fan belt tension and condition
11X Clean radiator fins and core
X | Change coolant, flush system, clean radiator
3. | AirCleaner X Check engine air cleaner
' , X Clean or change air filter element
4. | Grease Fittings X Apply grease
5. | Wheel Bearings X | Repack bearings
6. | Tires X Check tire pressure
7. | Batteries X Clean battery and connections
8. | Fuel System X Drain fuel filters to remove water
X Fill fuel tank
X Change fuel filters
9. Parking Brake X Lubricate Linkage
X Adjust btake tension
10. | Transmission X Check oil level
X Change oil filter
X | Change transmission oil
11. | Planetary (Hurth Axle) X Check lubricant
. X Change lubricant
12. | Differential X Check lubricant
X Change lubricant, clean breather
13. | Brake Master Cylinded X Check fluid level
14. | Operator's Cab X Clean cab, check controls before operation
15. | Wire Rope System X Check reeving, clamps and connections |
X Inspect and lubricate wire rope as necessary
16. | Hydraulic System X Check oil level in tank. Check system for leaks
X Change in-line hydraulic filter
17. | Winch Gearbox X Check oil level
X Change lubricant, clean breather
18. | Boom X Apply bronze anti-seize to slides
19. | Swing Gearbox and X Check lubricant level
Swing Gear X, Clean and lubricate swing gear
20. | Outriggers X Apply bronze arti-seize to slides
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HYDRAULIC SYSTEM PRESSURES

VALVE/CIRCUIT

LOCATION

PRESSURE SETTING

Main Relief - Pump Section 1

In Control Valve for Winch

2500 psi (14 130 kPa)

Main Relief - Pump Section 2

In Control Vaive for Hoist Crowd and Swing 2500 psi (14 130 kPa)

L__Steering Relief

in Steering Section of Main Pump

Grease Specification

Use a lithium base, E.P. No 2 bearing grease, mol

remove old grease.

1700 psi (11 720 kPa)

LIST OF GREASE FITTINGS

y-disulfide grease or functional equivalent. Apply enough grease to

NOTE: If grease fitting will not receive grease, remove the fitting and check for restriction or install a new grease fitting.

\

0

”

Mast Beering

¥

|

| —

Hoist Cylinder (Base)

Hoist Cylinder (Rod)

Steering Axle

Axle (Optional 4-Whee! Steer)
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BOOM LUBRICATION

I L-_*—f‘ .

1. Fully extend boom. Clean sliding surfaces completely. J

2. Lubricate sliding surfaces, sides and bottom of each section with a
thin layer of bronze anti-seize.

3.  Fully retract boom. Apply bronze anti-seize to wear bars on top of
boom sections through four access holes in top of boom.

4. Extend and retract boom two or three times to make a distribution of
. the lubricant.

OUTRIGGER LUBRICATION

Clean and lubricate outriggers when sliding surfaces 2. Apply lubricant in locations indicated. (Do not over
become dry. Apply bronze anti-seize, STP Oil Treatment, lubricate by applying to complete outside of sliding .
LUBAID NF, or equivalent. beam). During extend and retract, the beam slides on

only two surfaces.

1. Extend and set outriggers. Clean the sliding beams,

top and bottom. 3. Raise outriggers and retract horizontal beams to
' make a distribution of the lubricant.

GAP GAP - APPLY LUBRICANT
APPLY LUBRICANT ACROSS END OF
ON SLIDE BLOCKS, SLIDING BEAM.

L
TTTT T ~
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TORQUE CHARTS
SAE GRADE 5 or SAE GRADE S5 or
A325 Fine Thread A325 Coarse Thread
CLAMP| PLAIN/ CLAMP| PLAIN/
SIZE LOAD | LT.OIL | PLATED SIZE LOAD | LT.OIL | PLATED
1/4-28(250) 2325 | 10ftibs.| &7in.ibs.| 14-20(.250) 2,025 8ftibs.| 76in. ibs.
516-24(3125) ) 3675 | 19ftibs.| 14ftibs.| 5/16-18(3125)( 3338 | 17fibs. | 13ftibs.
¥8-24(375)| 5588 | 35ftibs.| 26ftibs. 8-16(375) |- 4950 | 31flbs.| 23ftibs.
1N6-20(4375)| 7575 | S5ftibs.| 4iftlbs.| 7/16-14(4375)| 6788 | SOfths.| 37 ftibs.
1/2-20(500)| 10200 | 85ftibs.| 64ftibs. 12-13(500)| 9075 | 78ftlbs.| 57fiibs.
916-18(5625)| 12975 | 122ftibs.| 91ftbs.| O16-12(5625)| 11625 | 109ftivs.| 821t ibs.
5/8-18(625)| 16350 | 170ftibs.| 128 ft.ibs. 5/8-11(625)| 14,400 | 150ftlbs.| 112 ft.bs.
Y416 (750)) 23775 | 297ftlbs.| 223ftibs. ¥4-10(.750) | 21300 | 266ft.Ibs.| 200ft.Ibs.
71814 (875)| 32,475 | 47aftibs.| 3551t.ibs. 7/8-9(875) | 29475 | 430ftibs.| 3221tibs.
112(1000)| 42300 | 705ttibs.| 5291tibs. 18(1.000) [ 38625 | 644 ft.bs.| 483ftibs.
-14(1.000)( 32275 | 721ths. | 541fthbs.| 1-187(1.125)| 42375 | Mafbs.| 596t ibs.
-1/8-12(1.125) | 47475 | 890ftibs. | 668ftdbs.| 1-1/47(1.250)| 53775 | 1201tbs. | 840 ft ibs,
1/4-12(1.250) | 59550 | 12411tibs. | 930ftibs.| 1-38-6(1375)| 64,125 | 1470M.ibs. | 11021t fbs,
-¥8-12(1375) | 72975 | 16721tlbs. | 1254 fbs. |  1-1/2-6(1500) | 78,000 | 1950 ft.ibs. | 1462 ft s,
11/2-12(1500) | 87.750 | 2194 ftbbs. | 1645 ft.Ibs.
SAE GRADE 8 or SAE GRADE 8 or
AA490 Fine Thread . A490 Coarse Thread
CLAMP| PLAIN/ CLAMP| PLAIN/
SIZE LOAD | LT.OlL | PLATED SIzE LOAD | LT.OIL | PLATED
14-28(250)| 3263 | 14ftis. | 10t ibs. 1V4-20(.250)| 2850 | 12ftibs.| Oft s
516-24(3125) | 5113 | 27ftibs. | 20ftibs. | 516-18(3125)| 4725 | 25ftms.| 18ftivs.
38-24(375)| 7875 | 49ttis.| 37fiibs. 3816 (375)| 6975 | 4dftivs.| 331tbs.
716-20(4375)[ 10650 | 78ftibs.| SBMivs.| 716-14(4375)| 9800 | 7Ofthe. | 52ftis
12-20(500) | 14,400 | 120ftibs.| 00 ft.ibs. 1/2-13(500)| 12,750 | 106ftibs.| 80 ft.lbs.
9/16-18(5625) | 18300 | 172ftbbs. | 129ftibs.| O16-12(5625)( 16350 | 153ftibs.| 115ftis.
5/8-18 (625) | 23025 | 240ft.lbs.| 1801t Ibs. 5/8-11(625)| 20325 | 212ftbs. | 159 ft.ibs.
3/4-16(.750) | 33600 | 420ftibs.| 315 ft.ibs. 34-10(.750)| 30075 | ITEf.ibs.| 2821tibs.
7/8-9(875)| 45825 | 668ft.Ibs.| 501 ft.ibs. 7/89(875)| 41550 | 606ftMs.| 454 ft.ibs.
1-12(1.000) [ 59,700 | 995ft.ibs. | 746 ft.ibs. 1-8(1.000) | 54525 | 909ftbs.| 6821i.ibs.
1-14(1.000) | 61,125 | 1019M.ibs. | 764 ftibs. | 1-187(1.125)| 68700 | 12881ths. | 966 ftibs.
-1/8-12(1.125) | 77025 | 1444 ftibs. | 1083 ftlbs. | 1147 (1.250)| 87,225 | 1817 ft.bbs. | 1363 ft ibs.
1-1/4-12(1.250) | 96600 | 2012 ftibs. | 1509 ft.ibs. |  1-3/8-6 (1:375) | 103950 | 2382 ft.bs. 1787 1.lbs.
1-38-12(1.375) | 118350 | 2712ftibs. | 2034 ft.bbs. |  1-1/2:6 (1.500) | 126,450 | 3161 fi.ibs. | 2374 f.bs.
1-1/2-12 (1.500) | 142,275 | 3557 ft.ibs. | 2668 ft.ibs.

Torque values for bolts listed above are with Engine Oil and/or Loctite applied
to threads and under head. Applies to plated and non-plated capscrews.

GI‘RADE 5 @

GRADE 8 €d

NOTE: Torque values specified are with residual il rem
lubricants of high stress ability such as never-seez co
molybdenum di-silfide, colloidal co

figures in the chart by the factor .90.

aining on bolts. If special
mpound, graphite and oil,
pper or white lead are used, multiply the torque




MAXIMUM RECOMMENDED TORQUE VALUES
FOR JIC SWIVEL NUT (37° SEAT)

THD. SIZE SIZE OD TUBE LB-FT PRESSURE
7116 - 20 4 1/4 9
112 -20 5 5116 17
9/16 - 18 6 3/8 20
3/4 - 16 8 1/2 30
7/18 - 14 10 5/8 40
1-1/16 -12 12 3/4 85
1-3/16 - 12 14 718 100
1-5/16 - 12 16 1 110
1-5/8 - 12 20 1-1/4 150
1-7/8 - 12 24 1-1/2 170
2-1/2 - 12 32 2 300
40 2-1/2 400
48 3 500

The torque required to seal swivel female fittings or
hose couplings to a male connector depends on
many variables such as fluid medium, surface finish,
etc. The above values are intended only as a guide
for the maximum values the fittings may be
subjected to.

These values are the recommended torque values for
JIC (37° Seat) Swivel nuts either swaged or brazed
type. The swivel nuts will normally withstand this
torque for a minimum of 15 repeated assemblies.

Conversion Factors:
Lb-Ft x 1.355 818 = Nm

Inch x 25.4 = mm
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GENERAL CLEANING INSTRUCTIONS

Complete Assemblies

Completely assembled components can be steam
cleaned on the OUTSIDE only, before removal or
disassembly. All openings and breathers must be
closed before steam clea'ning to prevent water or
moisture entering the component.

Rough Parts

Rough parts, for example — housings, castings,
etc., can be cleaned in hot golution tanks with mild
alkali solutions ONLY IF these parts do not have
ground or machined surfaces. Leave the parts in the
hot solution tank long enough to be completely
cleaned and heated. Flush the parts completely with
clear water after cleaning to remove all residue of
the cleaning solution.

Finished or Machined Parts

Parts which have ground or machined surfaces, for
example — gears, bearings, shafts and collars, can
be cleaned Iin a solvent that is not flammable.

IMPORTANT: DO NOT clean machined parts in hot
solution tanks with water and alkaline solutions.

WARNING: To prevent injury from burns,
A always use a solvent that 1s not tlam

mable tor cleaning component garts
0O NOT use gasoline or othec tHammahio
substances

Rubber Parts

Clean rubber parts by washing in clean denatured
alcohol. DO NOT use cleaning solvents with a

* mineral base, for example — acetone or paint thin-

ner. If a mineral base solvent is used, the rubber will
start to wear away and continue to wear away after
the part is put back into service. This rapid wearing
away of the rubber part can cause failure of the com-
ponent in service.

Drying '

After cleaning, all parts must be dried immediately. |
Use compressed air free of moisture, and a soft cloth
free of lint and abrasive materials.

Bearings can be dried with compressed air, but make
sure the air Is moved across the bearings in a direc-
tion which prevents spinning. DO NOT let bearings
spin when drying. Bearings can be turned slowly by
hand to shorten the drying time.

Corrosion Prevention

Parts that have been cleaned, dried, inspected and
are to be immediately assembled into the compo-
nent — Apply a light oil to prevént corrosion. if these
parts are to be put in-storage for any length of time,
apply a good RUST PREVENTIVE then put the parts
in special paper or other material to prevent corro-
sion. ’
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SAFETY RULES

General

Thi+ Safety Alert Symbol Indicates CAUTION: Always 1ower the fong oo
important  Safety Messages In  This ‘ attactinent  to the Groand NI
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CAUTION: Decals provide operating

mstruc tions and satety information to

the operator To help prevent accidents

Cooreenalanpury s clean or replace any deca
that <annot be eastly read

CAUTION: When checking coolant.
A remove radiator cap slowly 1o relieve
pressure in the system T provent
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GENERAL INFORMATION

Before making any repairs or adjustments
on an engine, a mechanic or technician must
properly diagnose the trouble.

Locating the trouble and repairing it. is only
part of the job, a technician must find and
eliminate the cause of the trouble as well.
Too many repairs are made with no thought
to removing the causes that made the repair
necessary. ‘

For any engine to start or perform properly,
three main requirements must be present:

1.FUEL
2. COMPRESSION
3.COMBUSTION

When any of these requirements are not pre-
sent or limited by some mechanical reason, the

engine will not start and will fail to operate
properly throughout the power range.

FUEL. Fuel system problems can be present
anywhere from the fuel tank, through the fil-
ters and injection pump as well as the injec-
tors. Correct injection pump timing is impor-
tant in the overall fuel system performance.

COMPRESSION. Compression on an engine is
related to the ‘‘breathing function’. Proper
compression is affected by the air cleaner
condition, muffler restriction, valve condition
and operation including proper valve adjust-
ment, cylinder head gaskets, condition of sle-
eves, rings, pistons, camshaft, and camshaft
timing. ‘

COMBUSTION. Combustion is the result of ade-
quate compression to develop enough heat in the
air charge on the compression stroke to fire the
fuel being injected into the engine cylinders.
Proper spray pattern and atomization of the
fuel by the injector is very important. Timing
the fuel injection pump to the engine to a pre-
cise degree BTDC is a vital requirement for
proper combustion.

The engine diagnosis contained in the follow-
ing pages covers many trouble symptoms, the
causes, and what will be necessary to repair
or eliminate the problem. Under each symp-
tom are listed the most common and reoccur-
ing problems progessing to the not so com-
mon problems. Locate your problem symp-
tom in the diagnosis chart and refer to the
pages listed for the probable causes and re-
medies.

REFER TO THE ENGINE MANUAL
SUPPLIED WITH YOUR UNIT.
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SAFETY

DANGER: Engine exhaust can cause
death. If necessary to start the engine in
a closed area, make sure there is

enough ventilation,

WARNING: To prevent eye injury. wear
eye protection when doing maintenance
on this machine,

WARNING: To preventinjury or death. do
not work under raised machine unless
Main frame s on firm support or blocks in a
manner to prevent machme from falling o
tipping
Engine 1s stopped
Transmission is in Neutral
Parking Brake 1 engagea  and  wheeis
stopped with blocks to pre et mal by
movements

Key 1s removed to prevent accidental
starting

Another person s available to Gre:
asststance :f needed

always wuse a solvent that is not

flammable for cleaning component
parts. DO NOT use gasoline or other flammable
substances.

g WARNING: To prevent injury from burns,

Keep a fire extinguisher available and
KNOW HOW TO USE IT. Check the fire
extinguisher at regular intervals for
correct operation.

CAUTION: When doing any service on

the machine. put a tag on the key switch
or remove the key to prevent operation

of the machine.

WARNING: Stop the engine before doing
any maintenance or adjustments. |f
necessary to make checks while the
engine is running, have one person at the
controis while the other person makes the
check.

REMOVAL AND INSTALLATION

Removal

Remove engine hood.

Disconnect ground cable and battery cable
from battery. ‘

Disconnect main wiring harness plug from
engine and outrigger wiring harness plugs.

Drain radiator. Disconnect upper and lower
hoses from radiator. Also disconnect
transmission cooling lines. Put plugs in the
lines to keep dirt out of system.

Remove radiator, fan shroud and fan.

10.

1.

Remove air cleaner and intake hose.

Disconnect fuel lines from engine. Put plugs in
the lines to prevent fuel leakage.

Make sure machine is secure on blocks to
prevent machine movement. Release parking
brake. Disconnect brake linkage at
transmission,

Remove drive shaft from transmission.

Disconnect shifting linkage from transmission.

Remove throttle cable from engine. .




12.

13.

14,

18.

16.

17.

Disconnect exhaust pipe from exhaust
manifold on engine.

Remove Cold Start Kit from mounting bracket
inside chassis (option - diesel engine only).

Disconnect engine ground cable from engine,

Install hook boits in two holes with threads in
top of engine flywheel housing and connect a
hoist. Install another chain from front of engine
to the hoist so front of engine will be tilted up
approximately 30 degrees to permit removal of
power train.

Remove mounting bolts from front engine
mounts and rear engine/transmission mounts.

Slowly raise engine a small amount. Check that
all lines and components which can possibly
cause interference with engine removal have
been removed. Carefully lift engine and
transmission assembly from chassis.

Installation

1.

Use a hoist to lift engine and transmission into
place in chassis. Front of engine must be tilted
up approximately 30 degrees to permit
installation of power train into main frame.
Install mounting bolts in front and rear mounts.
Remove hoist.

Connect engine ground cable to engine.

Use new gasket and connect exhaust pipe to
exhaust manifold.

Connect throttle cable, shifting linkage and
parking brake linkage.

Connect drive shaft to transmission.

10.

1.

12.

13.

14,

15.

16.

2050-3

Fasten Cold Start Kit to mounting bracket
inside chassis (diesel only) and connect to
engine,

Connect fuel lines to engine.

Install air cleaner and intake hose.

~ Install radiator, fan shroud and fan. Install

transmission cooling lines. Connect upper and
lower radiator hoses.

Fill radiator with new coolant of épecified type.
See Section 1050.

Connect wiring harness plugs for engine wiring
harness and outrigger wiring harness.

Make sure engine and transmission are filled with
oil of the recommended type. See Section 1050.

Connect battery positive cable and : ground
cable to battery.

Check complete installation to be sure all
components are installed and secure.

Start. engine. Continue to add fiuid to
transmission as necessary until transmission
cooling lines are filied. See Section 6102. Add
coolant as needed to fill cooling system. See
Section 2054.

Stop engine. Check for leaks. Check lubricant
and fluid levels,
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1 150 Hours Max. 50 Hours 100 Hours Max.

CHANGING ENGINE OIL

Continental TM 2.7L Gasoline & Dual Fuel Engine

Engine Specifications:*

Oil Capacity
Crankcase - US. qt. (liters) ..................c.oouueoi . 6 (5.7)
Filter - US. qt. (liters) . ..............cooi i, 1 (.95)
Total -US. gt (liters) ..., 7 (6.65)
Engine Oil Pressure
Max. Oil Pressure™ -PSI(Bar) ............cccvvvvin.. 40-60 (2.8-4.1)
Min. Oil Pressure (idling) - PSI (Bar)......................o..... 7 (05)

*If additional information is required, see ‘‘Continental’s Operator, Maintenance
and Overhaul Manual” furnished with your machine. v
**Higher oil pressure may be experienced during cold starts.

Oll Change:

Run-In OIl. After the engine has operate& for 50 hours, remove the run-in oil.
Replace with oil of the correct type per Specifications.*

Continuous Duty at Light Duty Operation
Continuous Duty Rating " (25% Max. Continuous
Rating) and Standby

CLEAN DIRTY
ENVIRONMENT ENVIRONMENT

Suggested Oil and Ol Filter Change Intervals

a. For oil change only, add 6 measured U.S. quarts (5.7 L) of oil. Do NOT fill using
only the dipstick as a guide. '

b. For oil and filter change, use 7 US. quarts (6.65 L) of oil. Operate the engine
for 2 or 3 minutes to fill the filter body. Stop the engine and check the level of
oil with the dipstick. Check filter for leaks.

Fiiter Change:

Change the oil filter at the end of the run-in period (50 hours) and again per
chart above. »

a. Turn filter counterclockwise to loosen. Remove and discard the old filter.

b. Clean the mounting surface for the filter. See Figure 1.




Figure 1. Removal of Oll Fiiter

c. Apply a small amount of engine oil to the gasket of the new filter. Install filter,
Turn filter clockwise to tighten until gasket contact is made. Tighten the filter
only 3/8 of a turn. Loosen the filter and tighten again until gasket contact is made.
Then tighten filter 2 to 3 turn more to get the correct seal.

Cummins 4B3.9 Diesel Engine

Engine Specifications:*

Oil Capacity
Crankcase - US. qt. (liters) ................................. 10.0 (9.5)
Filter - U.S. qt. (Iiters)....................................._..1.5(1.4)
Total -US. qt. (liters). ............................. ... 115 (109)
Engine Oil Pressure
Max. Oil Pressure** -PSI(kPa) ...................... .. 30-65 (207-449)
Min. Qil Pressure (Idling) - PSI (kPa) ..................... ... . 10 (69)

*If additional information is required, see “Cummins Operation and Maintenance
Manual”’ furnished with your unit.

**Higher oil pressure may be experienced during cold starts.

Oli Change:

Run In Oll. Do not use special “‘break-in" lubricating oils for new or rebuilt
engines. Use the lubricating oil specified for normal engine operation. Replace
with oil of the correct type per Specifications, *

Regular Oil Change. Change oil after every three (3) months, 250 hours or 5,000
miles whichever occurs first. _ '

Under difficult conditions, for example, frequent starting and stopping, high or
low operating temperatures, change the oil more frequently. Remove the oil while
the engine is still warm from operation.

a. For oil change only, add 10 measured U.S. quarts (9.5 L) of oil. Do NOT fill using
only the dipstick as a guide.

b. For oil and filter change, use 11.5 U.S. quarts (109 L) of oil. Operate the engine
for 2 or 3 minutes to fill the filter body. Stop the engine and check the level of
oil with the dipstick. Check filter for leaks.

2051-3
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Fiiter Change:

Same schedule as regular oil changes.

a. Turn filter counterciockwise to loosen. See Figure 2. Remove and discard the
old filter.

VA4
WRENCH SIZE:
90-95 mm

Figure 2. Removal of Oll Filter

b. Clean the mounting surface for the filter.

c. Apply a small amount of engine oil to the gasket of the new filter. Install filter,
Turn filter clockwise to tighten until gasket contact is made. Tighten the filter
only 3/8 of a turn. Loosen the filter and tighten again until gasket contact is made.
Then tighten filter 2 to 3% turn more to get the correct seal.
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SPECIFICATIONS
General
TYPB Of SYStOM . .. 12 volt negative ground
Battery ......... . 12 volt 370 cca @ 0°F (-18°C) for 30 sec. rate
ARBIMAOr . ... Diesel - 12 volts, 63 amperes
Gas - 12 volts, 37 amperes
Stater . . .. 12 volt, internal shift lever type

SAFETY RULES

C WARNING: Never check battery charge
A by placing a metdal object across the
posts - the sparky could

WARNING: Never operate the alternator
A on an open circutt With no battery or
other electnical toad on the circuit. a CAUSe an

voltage buildup wil occur within the alternator.
This voltage buildup could cause electrical
shock to anyone touching the alternator “BAT™
terminal

explosion Use a voltimeter or hiydrometer

CAUTION: Think out the cocuit before
Making or bredi g g connection A
wrond connection can e paintful and

CXPensive

CAUSES SEVERE BURNS. BATTERIES CAUTION: Qn;;<,:<,>rmmtt h(,)t,h leads from
CONTAIN SULFURIC ACID.  Avoid the batteries when working on the
engine or electnical system. Always

contact with skin. eyes. or clothing

g POISON DANGER: BATTERY ACID

disconnect the ground lead first
Antidote - EXTERNAL. Filush with water

INTERNAL Dnink large quantitics of water or
mitk Follow with Mitk of Magnesia. beaten 244G
or vegetable oif Call physician mmediately
EYES Flush with water for 15 munutes and get
prompt  medical attention KEEP OUT OF
REACH OF CHIL DREN

WARNING: Buattere o nraduo e copiosn

Gqases Keep e Stk gnd

CHGarette s s day Ventiolate s hen

charqinag or using i cnciosed space s Alveay s

shield eyes when workimg near bHhuatternes,

This Safety Alert Symbol Indicates
Important Safety Messages In This

Manual. When You See This Symbol.

A Carefully Read The Message That Follows
And Be Alert To The Possibility of
Personal Injury Or Death.
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GRAPHIC SYMBOLS FOR
ELECTRICAL DIAGRAMS

i |

— FUSE
SWITCH

——e SINGLE POLE
SWITCH

— DNo— PUSH BUTTON

(m) LAMP

BATTERY

CIRCUIT BREAKER

MOTOR

COLLECTOR RING

SEPARABLE

—X—
CONNECTOR
— RELAY
Sty ——
SOL._ SOLENOID
—C[] HORN




,

FOR ELECTRICAL SCHEMATICS SEE REAR OF SECTION

WIRE NO. CODE (SAE)

SYSTEM POWER (0 - 9)

0- Ground

-1-  Power - Continuously Hot
POWER DISTRIBUTION (10 - 18)

12 Key Switch

14 Alternator Field Control

19- Circuit Breaker/Fuse
ENGINE CONTROLS (20 - 29)

21 Engine Cranking

23 Engine Shutoff

24 Transmission Control

25 Hi/lLow Range Transmission

28 Cold Start (Ether)
INSTRUMENTS (30 - 39)

31 Warning Lights (Eng. & Torq. Conv.)
32 Warning Light (Torque Conv. Temp.)
33 Warning Light (Low Air)

35 Engine Hours

36 Gauges
LIGHTING (40 - 49)

41 Head and Tail Lights

44 Brake Light

45 Signal Light

49 Panel Light
CONTROLS (50 - 59)

568 Outriggers

58 Warning Systems - Control Functions
ACCESSORIES (80 - 69)

61 Heater

63 Wiper

64 Horn
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INTRODUCTION

General

A few basic words and facts are given here to help in
understanding and troubleshooting the electrical
system,

Electrical Energy — energy caused by the flow of
electrons. Electrons are particies with a negative
charge which are pulled toward particles with a
positive charge (protons).

Amperage — rate of flow of electrons, measured in
Amps.

Voltage — the electromotive force which causes

movement of electrons through an electrical circuit,

measured in Volts.{

Electrical Resistance — any resistance to the flow of
electrons, measured in Ohms.

Important Facts: It is good to remember the following
points when testing or troubleshooting an electrical
circuit.

1.  Current always moves from positive (+) to
negative (-) or from the point of highest
potential. (Conventional Theory)

2. All current that leaves the supply or battery’

returns to the supply or battery.

3. In a series circuit arrangement, the
electromotive force (Volts) is completely used
or discharged around the circuit (when current
is flowing). In parallel circuit arrangements, the
voltage is constant.

4. When voltage is constant, the electrical
resistance (ohms) is the controlling factor for
the current (amps) in the circuit. The basic
formulais E = IR, where E represents voltage, |
represents current or amps, and R is resistance
(ohms).

Electrical Systems

An electrical system is in many ways similar to a
hydraulic system. For example, a “pump” is needed

to cause the flow which gives energy. A complete

circuit is needed to return the fiow to storage or
supply. “‘Valves’ are needed to direct and control the
flow through the system.

Electrical System Hydraulic System
Alternator Pump

Battery Reservoir
Switches Valves

Wires or Cables Tubes or Hoses
Diodes Check Valves
Voits PSI or kPa
Amps GPM or im
Ohms “Resistance

Magnetic Forces in Electricity:

When current moves through a conductor, a
magnetic field is caused around the conductor. This
magnetic field can be used to cause movement of
electrons in a second conductor. Practical
applications of this magnetic field include
generators, coils, relays and solenoids which are
some of the basic components of the electrical
system.

ELECTRICAL SYSTEM

The electrical system on this machine is a negative
ground system and operates on 12 volts of direct
current. The system uses one 12 volit battery for
storage of the electrical energy. An alternator gives
the power for operation of the electrical components:
and charging of the battery when the engine is
running.

CAUTION: i




Circuit Protection

There are ten fuses on a fuse block on thé back side of the
instrument panel. These fuses give protection to the
components and circuits indicated in Figure 1.

4002-7

_(diesel engine), or spark ignition coil (gasoline engine)

Transmission warning light, transmission shift relays

A I FUSE | RATING FUNCTION/CIRCUIT
8 A 15 Amp Heater/Defroster, strobe light, gauges
c ’ci =3 B 15 Amp Windshield wiper, parking brake, tachometer

Ser C_| 15Amp | cold start, hom
‘C=E=°’ D 15 Amp Winch control, 4-wheel and crab steering control
'C?OI E 20 Amp Brake lights, mast lights, fuel shut-off
o —wm
.c,__ga. F_ | 20Amp Anti-double blocking, outrigger controls

H G 20 Amp

1 H 20Amp Flashers, tum signais
J | 20 Amp Transmission shift control
J 20 Amp Head lights, tail lights, work lights, gauge lights

Figure 1. Fuse Block on Back Side of Instrument Panel

ELECTRICAL TROUBLESHOOTING

Finding a problem in the electrical system is not difficult
it you know basic electricity and understand the
arrangement of the electrical system on this machine.
Use the electrical schematic as your guide. A basic
description of each circuit of the system is included on
the following pages. For purposes of explanation, the
system is separated into three parts:

The Charging Circuit
The Control Circuits
The Circuits for the Lights and Instruments

Accurate testing equipment is also necessary. The
instruments normally used are the voltmeter, ammeter
and ohmmeter.

Many times the problem can be found by visual
inspection of the components in the circuit. Corrosion on
terminals, loose connections or bad wiring are the
causes of many problems.

Each circuit in the system has a fuse for protection
against overloads. Remember that a burned fuse is an
indication of an overload or SHORT circuit, not an
OPEN circuit.

It you do not find the cause of the problem during the
visual inspection, use voltmeter to check for voltage at
several points in the circuit, or measure the voltage drop
across each component. Normally, the best method is to
start at the farthest component in the circuit and move
backwards toward the power supply. An ohmmeter can
be used to measure the resistance in any component.
Remember to disconnect the component from the power
supply before you connect the ohmmeter.
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TROUBLESHOOTING

CHART

PROBLEM

POSSIBLE CAUSE

REMEDY

Run Down Battery .

Short circuit or ground in battery
positive cable.

Loose battery cables or broken
battery terminal.

Fault in alternator or reguiator
causing low. charging rate.

Short circuit or ground in wiring in
charging or starting circuits.

High use of starting motor or other
electrical equipment.

Fault in starting circuit.

Dirty battery top causing continued
drain on battery. ‘

Short circuit in cell of battery.

Inspect the cable from the battery
positive post to the starting motor.
Replace cable if insulation is worn.

Inspect, clean and tighten or replace if
necessary.

Any of reasons under Aiternator Does
Not Charge or Low Charging Rate

Check all wiring for indication of a
ground, for example, sparks, heat, smoke
or burned color.

Charge battery.

Inspect starting circuit wiring for ground.

Check for leakage on dirty battery top,
See Operator’'s Manual. Clean battery.

Replace battery.

Starter Not Operating
Or Does Not Operate
Correctly

Low charge on battery.

Fault in battery ground wire.

Fault in wiring or loose connections
in starting circuit.

Fault in key switch or neutral
switch.

| Test battery. If necessary, add slow

charge. If battery continues to have a low
charge, test regulator and alternator.

Check for loose connections; corrosion
or breaks.

Use wiring diagram and check out
starting circuit, looking for poor
connections and broken or bad wires.

Replace switch.
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PROBLEM

POSSIBLE CAUSE

‘REMEDY

Starter Not Operating
Or Does Not Operate
Correctly (Con't.)

Engine oil too heavy for outside
temperature.

High resistance in starter positive or
ground circuits.

Worn starter drive or flywheel ring
gear teeth.

Loose starter mounting.

Worn brushes or bad armature or
field coil or other defect in starter.

Open circuit, short circuit or ground
in windings in starter motor
solenoid.

See Lubricants and Fluids Chart in
Section 1050, Maintenance and
Lubrication,

Test circuits. For procedure and
specifications, see page 4002-13.

Remove starter and inspect teeth.

Inspect and tighten.

Disassemble starter, test and repair as
necessary.

Replace solenoid as required.

Alternator Does Not
Charge

Alternator belt loose or broken.
Worn brushes or open brush leads
or connections,

Open circuit, short circuit or ground
stator winding.

Fault in voltage regulator.

Short circuit or open circuit in
rectifier diodes.

Open circuit, short circuit or ground
in rotor (field) winding.

Wires wrongly connected after
repairs.

Dirty slip rings or bad slip ring
connections.

Tighten to specification
or replace.
Replace alternator.

Replace alternator.

Replace regulator.

Replace alternator.

Replace alternator.

See wiring diagram.

Inspect slip rings. Clean or repair as
required.
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TROUBLESHOOTING CHART (CON'T.)

PROBLEM'

POSSIBLE CAUSE

REMEDY

Low Charging Rate

All of reasons under Alternator
Does Not Charge.

High Charging Rate.

Wrong or ioose connections on

| Check connections and tighten if

Pulleys out of alignment.

Loose pulley.

Worn bearings.

Short in rectifier diodes.

Lights Burning Out alternator and reguiator. necessary.
Fault in voltage regulator. Replace regulator.
Alternator Noise Badly worn belt. Replace beit.

Align fan and aiternator pulleys.

Check for broken key or worn keyway, if
used. Tighten pulley nut.

Replace alternator,

Replace aiternator.

Continuity Test
Shows No Voltage
Through Wire
Harness

Harness plugs not fully engaged.
One or more studs on plug broken.

Wrong wiring.

Open circuit or short circuit in wire
in harness.

Make sure plugs are fully engaged.
Replace harness.

Check wiring harness diagram.

Replace harness.
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’ | . - TROUBLESHOOTING THE CHARGING CIRCUIT

The following checks are given in the order of easiest performance and as near as possible in the order of
malfuncticn,

CHECK ' INSTRUCTIONS

Visual check 1. Check for damage to wiring, loose connections or
corrosion on terminals and harness plug
connections. Repair or replace as required.

2. Check fan belt condition and tension. Adjust or
replace belt as required.

Check condition of battery 1. Clean battery top to prevent voltage loss.

2. Check for damage to battery case that can cause
loss of fluid or let dirt into cell(s).

Check voltage at alternator ‘ 1. Connect voltmeter negative lead to the aiternator
frame. Connect voltmeter positive lead to the
aiternator “Bat” terminal.

.. 2. Turn key switch on and check voltage at the
: alternator “Bat” and No. 1 and No. 2 terminals.

a. Correct voltage at the “Bat” terminal is
battery voltage to about 1/2 voit less than
battery voitage.

b. Correct voitage at terminal No. 1 is
approximately 2-1/2 volts to 3 volits less than
battery voltage.

C. Correct voltage at terminal No. 2 is
approximately 1/2 volt less than battery
voltage.

Check alternator output 1. If necessary, remove alternator for repair. Continue
troubleshooting procedure.
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TROUBLESHOOTING THE CHARGING CIRCUIT (CON’T.)

CHECK

INSTRUCTIONS

Check wiring and terminals

Connect the positive lead of test ammeter to the
alternator “Bat” terminal and the negative lead to
the battery post adapter, Figure 2.

Connect a carbon pile to the battery terminals.
Make sure carbon pile is OFF before making
connections,

Start engine and run at 1/2 throttile. Adjust carbon
pile to obtain a 10 amp charge rate on the test
ammeter.

Connect voltmeter positive lead to alternator “Bat"
terminal and negative lead to positive battery post.
The voltage drop must not be more than .3 voit. If
voltage drop is more than .3 volt, clean and tighten
cable connections at battery and starter and check
voltage drop again. If voltage drop is still high, the
cable must be replaced.

Move voltmeter positive lead to negative battery
post and negative lead to the alternator frame. The
voltage drop must not be more than .1 volt. if
voltage drop is more than .1 volt, clean and tighten
all connections between the starter and battery
and check voltage again. If voitage drop is still
high, ground cable must be replaced.

Check voltage regulator

Remove battery post adapter after troubleshooting
is complete.

1. Snap-On Battery Post Adapter. install
on Negative Battery Post.

Switch Nut.

Connect Ammeter Positive Lead Here.
Connect Ammeter Negative Lead Here.
Connect Negative Battery Cable Here.

Ll ol o

Figure 2. Battery Post Adapter
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TROUBLESHOOTING THE STARTING CIRCUIT

General inspection

Many starting problems can be corrected by making
the following checks:

1. Check battery condition. See Operator's Manual.
Charge or replace battery as required. Clean
battery post and cable connections.

2. Inspect wiring for bad insulation or other
damage. Inspect all connections at the starter
solenoid, key switch, and neutral start switch.
Clean and tighten all connections and replace
any bad wiring. Check to see that wiring
harness plugs are fully engaged. Also check
plugs for damage or corrosion.

3. If the starter still does not operate after
correcting defects, do the Starting Circuit
Check. '

Starting Circuit Check

. The following steps will show the location of defects
in the starting circuit. The circuit can be checked
-with a 12 volt test lamp or a voltmeter. .

1. Apply parking brake and make sure all controls
are in neutral.

2. See Figure 3. Connect a jumper cable to the
starter solenoid B and S terminals.

a. If the starter operates, the starter and
solenoid are good. The problem is
somewhere between the solenoid and key
switch. Go to step 3.

b. If the starter did not operate, connect the
jumper cable to the B and M terminals on
the starter solenoid. if the starter operates

' SWITCH

correctly, the problem is in the starter
solenoid. Replace. If the starter still does
not operate, the starter is bad and must be
repaired-or replaced.

KEY

21C

CONNECTOR - MAIN
WIRING HARNESS

21C

12A
12

1K NEUTRAL
1K START
SWITCH
21N
GASOLINE
ONLY WIRING HARNESS

21N

STARTER

Figure 3. Starter Circuit

See Figure 4. Check for battery voltage at Bat
terminal of key switch. No voltage indicates the
circuit between the key switch and starter
solenoid B terminal is at fault. Check harness
connections and wiring and repair as required.

Turn key switch to Start position and check for
voltage at Start terminal. Go to step 5 if voltage
was indicated.
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5. Have someone hold the key switch in Start
position, check for voltage at neutral start
switch and across the switch, (Make sure
transmission shift is in neutral position.) If
voltage is indicated at neutral start switch, go
to step 6. Replace neutral start switch if no
voltage is indicated across the switch.

6. With key switch in Start position, check for
voltage at the switch terminal of the starter
solenoid. If no voltage is indicated, the problem
is in the wire from the neutral start switch to the
starter solenoid. Repair or replace. If voltage is
indicated, the problem is in the solenoid.
Replace. ‘

Checking the Insulated and Ground Circuits

For these tests, the starter is on the engine. A tester
(for example, Sun Battery/Starter Tester) which has a
voltmeter, ammeter, and a way of controlling the
load will be needed.

Specifications

Minimum cranking voltage ............... 9. 6 volits

Maximum voltage drop
Insulatedcircuit....................... Svolt
Eachcable ...........ccoivvnnnnnnnn. 4 volt
Startersolenoid .................c..... Jdvolt
Eachconnection ............coo0uvn.n. .0 volt
Ground circuit .............. Ceeeeeanes Svolt

Testtemperature .................... 60°to80°F

(15.6° to 26.7° C)

Test 1 — Checking Cranking Voitage
1. .~ Connect positive voltmeter lead to positive
battery terminal. Connect negative voitmeter

lead to negative battery terminal (ground).

2. Turn engine and check voltage reading. Make a
record of the reading.

3. Voltmeter must read at least 9.6 volts. If above
the minimum, continue testing. If below
minimum, charge or replace battery.

Test 2 — Insulated Circuit Test

This test will show ahy high resistance in the circuit
from the battery through the starter solenoid.

1. See Figure 4. Move positive voltmeter lead to

the M terminal on starter. Leave negative
voitmeter lead on battery negative terminal.

2. Turn engine and check voltage reading.

N o'

==

1. VOLTMETER
2. VOLTMETER POSITIVE LEAD
3. VOLTMETER NEGATIVE LEAD
4. BATTERY
8. STARTER

Figure 4. Insulated Circuit Test

3. Subtract this reading from the voltage reading
received in Test 1. This is the voltage drop in
the complete circuit. If voltage drop is .5 volt or
less, do Test 4. If voltage drop is over .5 voit, do
Test 3.
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Test 3 — Finding Circuit Defects 2. Turn engine. If voltage drop is over .5 volt, clean
_ ‘ and tighten the ground cabie connections.

These two tests will show the location of the defect '

in the insulated circuit indicated in Test 2. 3. Check the voltage drop again. If still over .5 voit,

1.

CABLE, BATTERY TO SOLENOID TERMINAL.
Connect positive voltmeter lead to positive
battery post. Connect negative voltmeter lead
to B terminal on solenoid. Turn engine. If
voltage drop is .4 volt or less, go to step 2. If
voltage drop is over .4 volt, replace the cable.

SOLENOID. Connect positive voltmeter lead to
B terminal on solenoid. Connect negative
voltmeter lead to M terminal on solenoid. Turn
engine. If voitage drop is over .1 volt, repair or
replace solenoid.

Test 4 — Ground Circuit Test

High resistance in the ground circuit can cause slow
starter action or failure to turn and can also cause

replace the ground cable.

. VOLTMETER =
. VOLTMETER POSITIVE LEAD

. VOLTMETER NEGATIVE LEAD

BATTERY

. STARTER

serious interference with the operation of the
charging system.

[ I SN TR CRN

1.

See Figure 5. Connect the voltmeter positive
lead to the ground end of the ground cable,

Figure S. Ground Circuit Test

PRECAUTIONS TO TAKE DURING SERVICE OF
THE ALTERNATOR, REGULATOR AND BATTERIES

Do Do Not
1. Do connect booster batteries correctly if used 1. Do not make reverse connections between the
as a starting aid. Connect (-) negative cable on batteries. Damage to the aiternator diodes wiil
unit battery. Connect the (+) positive cable of ‘occur. This machine has a negative (- ) ground.
booster battery to the (+) positive terminal on
the unit battery. 2. Do not cause a ground contact of the alternato
positive output terminal. '
2. Do disconnect the battery ground cable before :
you start to work on the electrical system or 4. Do not operate the machine with batteries
when charging the batteries. disconnected.
3. Do disconnect the regulator plug and wires at 5. Do not try to change the polarity of the
alternator terminals before you use an arc alternator.
welder on the machine. ,
6. Do not use a steam cleaner or cleaning solvent
4, to clean the alternator. Permanent damage can

- Do keep the drive belts at correct tension and in

good condition.

be caused if the aiternator gets wet.
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Outriggers _

CONTROL CIRCUITS

For maximum lift and stability, fully extend and lower the outriggers. See Load

Chart for maximum loads on tires.

You can operate all four outriggers at the same time, but do not operate any
other hydraulic functions when operating the outriggers.

The outriggers are controlled by four switches on the instrument panel. Each
switch controls a function of two outriggers (See Figure 6). When activating a
switch it completes an electrical circuit to the dump valve solenoid. The dump
valve energizes and makes oil available to operate the outrigger functions of the
outrigger solenoid valve (See Figure 7). For outrigger functions see chart below.

g
$L
'y

Figure 6. Outrigger Switches

H

©),
©\

©)
Qs
o

S
O

O
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Figure 7. Outrigger Solenoid Valve Bank

Outrigger Functions

Top Left Switch - Left Outrigger In/Out

Top Right Switch - Right Outrigger In/Out

Switch Dump Outrigger Switch Dump Outrigger
Position Valve Vaive Position Valve Valve
Center De-energized De-energized Center De-energized De-energized
Left Energized Sol(E) Energized Left Energized Sol(H) Energized
Right Energized Sol(F) Energized Right Energized Sol(G) Energized
Bottom Left Switch - Left Outrigger Up/Down Bottom Right Switch - Right Outrigger Up/Down
Switch Dump Outrigger Switch Dump Outrigger
Position Valve Valve Position Valve - Valve
Center De-energized De-energized Center De-energized De-energized
Up Energized Sol(C) Energized Up Energized Sol(A) Energized
Down Energized Sol(D) Energized Down Energized

Sol(B) Energized
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!

’ . To Extend and Lower the Outriggers

CAUTION: Before you operate the outriggers or move the machine,
make sure all persons are clear of the area.

NOTE: The left switches control the two outriggers on the left side of the machine.
The switches on the right control the two outriggers on the right side of the
machine.

1. To Extend: Run the engine at low rpm (accelerator pedal released). Push and
hold the desired switch out as required (Figure 8, Item 1). Push the accelerator
pedal to increase engine rpm and accelerate the outward movement of the
outriggers. Release the accelerator pedal and the switch when the outriggers
are fully extended.

2. To Lower: Hold the desired switch in the down position as required (Figure 8,
item 2). Push the accelerator pedal to increase engine rpm and accelerate the
downward movement of the outriggers. Release the accelerator pedal and the
switch when the outriggers are fully lowered.

. Figure 8. To Extend and Lower the Outriggers

[
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To Raise and Retract the Outriggers

1. To Raise: Run the engine at low rpm (accelerator pedal released). Engage and
hold the desired switch up as required (Figure 9, item 1). Push the accelerator
pedal to increase the engine rpm and accelerate the upward movement of the
outriggers. Release the accelerator pedal and the switch when the outriggers
are fully raised.

2. To Retract: Engage and hold the desired switch as required (Figure 9, Item
2). Push the accelerator pedal to increase the engine rpm and accelerate the
retraction of the outriggers. Release the accelerator pedal and the switch when
the outriggers are fully retracted. ‘

Figure 9. To Raise and Rétract the Outriggers
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Circuits for Lights and Instruments

Lights

Power is available to the main light switch from a 20
amp fuse on the fuse block. The light switch has four
. positions. Turning the switch counterclockwise
from OFF position makes a complete circuit to the
panel lights, tail lights and clearance lights. In the
second position, the switch connects power to the

head lights, in addition to the panel, tail and
clearance lights. in the third position, the light
switch connects power to the work lights, plus all
the lights illuminated in the first and second
positions. See Wiring Harness.

BULB REPLACEMENT GUIDE

Location Part No. Trade No.
Panel Lights 14553 #57

Head Lights 1000078 #6800
Tail Lights $31861 #1157
Turn Signal 531868 #1156

Gauges

The gauges are 12 volt components. Power is
available to the gauges through a 15 amp fuse when
the key switch is in the ON position.

Fuel Gauge: The fuel gauge connects to a sending
unit in the fuel tank. The sending unit puts a variable
resistance in the circuit and causes a corresponding
indication on the fuel gauge, representing fuel level.

Engine Oil Pressure Gauge: This gauge connects to a
sending unit in the engine lubrication system. The
sending unit causes a variable resistance which
gives a corresponding indication, representing oil
pressure, on the gauge.

Engine Temperature Gauge: The gauge for engine
temperature connects to a sending unit in the
cooling system passage in the engine. The variable
resistance caused by the sending unit gives an
indication of the temperature of the engine coolant.

Hourmeter

Power is avéilable to the hourmeter through a

pressure switch on the engine. The hourmeter
operates only when the engine is running.

Voltmeter

The voltmeter is installed in the instrument panel
and connected in parallel with the charging circuit.
The voltmeter gives indication of electric charging
system problems that can not be seen with an
ammeter.

Normally, when the engine is stopped (Key switch in
the ON position) or when the engine is running at
low idle, the voltmeter will indicate 10-14 voits. This
is an indication that the battery charge is
approximately 12 volts. When the engine is running
above low idle, the voltmeter will normally indicate
14-16 volts. More than 16 voits indicates an
overcharging condition. See chart 1. Chart 2 shows
what to look for under the conditions shown.
Column 5§ “Ammeter Reading for Similar Condition"

~is given so you can make a comparison between the

ammeter and voitmeter.
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VOLTMETER
CHART 1
Voltage ‘ Condition of
Measured Engine Speed Charging System
0-10 Volts Stopped or Low Idle Very low battery charge
, Stopped or Low Idle Low-to-normal battery charge
11-12 Volts Above Low Idle Problem in charging system. See Troubleshooting —
| Charging System
‘ Stopped or Low Idie Normal battery charge
12-14 Volts Problem in charging system. See Troubleshooting —
‘ . Above Low Idle Charging System _
If needle is between 14 and 15 volts, the battery
14-16 Volts Stopped or Low idie | - ewly charged
Above Low Idle Normal operation range
More than 16 Volits | Above Low Idle Overcharge. See Troubleshooting — Charging System

CHART 2
Voltmeter Ammeter Reading
Reading | En9ine Speed|  Load Problem for Similar Condition
No Load or | 1. Alternator Failure
Normal Load | 2. Broken Drive Belt
Less than Above Low | More than 3. Low Alternator Output No Reading
14 Volts idie Alternator 4. Shorted or Open Diodes
Output 5. Low Battery Charge
No Load or .
Normal Load 6. No Voltage Regulator Output ,
Overload 7. Too Much Accessory Draw High Discharge
Above Low | No Loador | 1. Voltage Regulator Setting too i
12-14 Voits Idle Normai Load ow - No Reading
Above Low | No Loador | 1. Voltage Regulator Failure No Reading
Over idle Normal Load | 2. Voltage Regulator Set too High
16 Volts ‘ No Load or | 1. Uncontrolled Voltage Regulator|, .. h t Charge
Low Idle Normal Load Output High Current Charg
Continued Engine
decrease in 9 No Load 1. Slow Battery Failure No Reading
Stopped
battery voltage
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ANTI-DOUBLE BLOCKING SYSTEM

General

This mechanism prevents the hook from being pulled into
the boom head during extension of the boom (standard on
all cranes) or during winch operation (optional). When the
hook blocks actuates the limit switch on the boom head,

Circuit Description

Power is made available through a 20 amp fuse to the
cutout relay on the chassis and to the limit switch on the
boom head. When the hook block reaches the upper limit,
the limit switch closes, energizing the relay. The energized

oil flow to the crowd cylinder (and to winch motor optional)
is stopped. A horn is activated to give warming to the
operator in all cases. To move the hook block away from
the boom head, the operator can operate the winch or
retract the boom. '

IMPORTANT: if the winch anti-blocking option is not
installed, this mechanism only operates on the crowd
circuit. The operator must use care to keep the hook block
away from the boom head during winch operation.

relay activates the solenoid valve in the crowd circuit and
the warning hom.

SOLENOID VALVE BANK
(On Lower Structure) HYDRAULIC LINE
T? SWIVEL
/

HYDRAULIC LINE
TO CONTROL. VALVE

CUTOUT
RELAY
WARNING HORN-— ‘
(Behind Battery) WIRE 58P
WIRE 58C WIRE 58P WIRE ‘f‘
TO ELECTRIC SWIVEL = . (Power In)

ELECTRIC REEL
ON BOOM

TO JUMPER WIRE
TO ELECTRIC SWIVEL

(RIGHT SIDE VIEW)
LIMIT o ACTUATING
SWITCH "y BRACKET

Figure 1. Anti-Double Blocking Arrangement




4015-3

SERVICING THE ELECTRIC SWIVELS

General

On machines with load indicator or anti-double blocking
system, an electrical swivel is installed at the center of the
mast rotation. The swivel gives electrical circuit continuity
through full rotation of the mast.

Maintenance

Check swivel periodically for accumulation of dirt or foreign
material. the upper and lower swivel members must be
parallel for full surface contact between the electrical
contact sets. Dirt of foreign material can lift the electrical
blocks of of position and cause loss of contact.

Pitting or oxidation of contact surfaces can also cause loss
of contact and electrical circuit continuity. Normally rotating
the mast through several cycies will correct the problem. If
this procedure does not correct the problem, remove
swivel for inspection and cleaning.

Figure 2. Electrical Swivel - Double

Disassembly and Cleaning

To disassemble swivel, remove the center bolt. Separate
the swivel members and check electrical contacts for
pitting, burned color or other damage. If the wear is not
severe, the contact surfaces can be cleaned with extra fine
sandpaper.

NOTE: Do not use emery cloth to clean contact sets.

1. Hold the sandpaper in position on the contact set. Put
the two halves together, then rotate the swivel by
hand. Make sure to keep the two halves parailel and
apply equal force all around. Rotate in one direction
only.

2. Tumn the sandpaper over and repeat the procedure to
clean the contacts in the opposite member.

ELECTRICAL
SWIVEL

LG
'_I

B - om—

) , =]

WIRE 53C FROM n ,

annnmﬁ i swiveL
- i - \l/ it

] ——_]r = o,

Figure 3. Electrical Swivel - Single
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HEATER @

General Electrical Circuit

The heater is a hot water heater and is connected intothe ~ See Electrical Schematics in Section 4002 for circuit.

cooling system of the engine. An electric blower pushes air ~ Poweris available througha 15 amp to the heater/defroster

through the heater core and into the cab and onto the  switch in the instrument panel when the key switchis in the

windshield. ON position. The switch is a three position switch (HI, LO
and OFF).
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Rated pumpoutput . ... ...

Relief valve pressure setting

sostgent RSN e

3

SPECIFICATIONS

.............. e i . .........40U.S.gpm at 2200 psi at full throttle

(15.1 L/min at 15 150 kPa at full throttie)

e e PO, 1700 + 100 psi at full throttle
(11 720 + 689 kPa at full throttle)

( FRONT OF UNIT
B STEERING RIGHT TURN
ORBITROL : .
/ : RETURN FLOW
' SUPPLY
z ~a= FROM PUMP
g =5 RETURN FLOW

..........................

REAR OF UNIT

Figure 1. Standard Two Wheel Steer - Right
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Figure 2.. Optional Four Wheel Steer - Two Wheel Steer Mode (Right)
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Figure 3. Optional Four Wheel Steer - Four Wheel Steer Mode (Right)
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Figure 4. Optional Four Wheel Steer - Crab Steer Mode (Right)
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RELIEF VALVE PRESSURE CHECK

1. Remove -cap from tee and connect a 0-3000 psi
pressure gauge on the tee as shown in Figure 5.

2. Start the engine. Turn the steering wheel and put
the wheels at the maxium angle. Continue to turn
the steering wheel after the steering cylinder has

stopped. Read the pressure gauge. Release the

steering wheel immediately.

3. The correct pressure is 1700 psi (11 720 kPa).
Low pressure normally indicates a bad relief valve.
The reliet valve is inside the pump. See Section
5005 instructions on removal. If the relief valve is
bad, replacement is necessary. No adjustment is
possible.

NOTE: Pressure in the "OUT" line from the steering
control valve must be less than 30 psi (200 kPa) during
normal operation. High pressure indicates restriction
between the steering control vaive and the pump.

————PRESSURE
GAUGE

HYDRAULIC
‘////” PUMP

PRESSURE LINE
TO STEERING
ORBITROL

Figure 5. Arrangement to Check the Pressure in the
Steering System,
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TROUBLESHOOTING CHART

PROBLEM

POSSIBLE CAUSE

REMEDY

Steering wheel turns
freely, no response

Leakage in ball check between IN
and OUT ports in steering control

valve.

Severe wear or damage to parts in

.steering control valve.

Leakage in piston seal in steering
cylinder.

Disassemble column from control vaive,
remove plug and steel ball. Check for
damage or foreign material.

Replace valve.

Check cylinder for leakage. Turn wheels all
the way to right. Disconnect hose from rod
port of cylinder. Start engine, hold steering
wheel for full right turn and have someone
check leakage from cylinder. Remove
cylinder and repair as required.

Steering whesl turns
hard, no response

Wrong connections at steering
cylinder or control valve.

Check connections against diagram.

| wear or damage to parts in steering Replace valve.
control valve. ‘
Slow or hard steering | Wear or damage to parts in steering Replace valve.

control valve.

Low system pressure.

King pins tight.

Low tire pressure.

Check pressure setting of relief valve. If
setting is not as specified, replace relief
valve.

Lubricate king pins according to
maintenance schedule.

Inflate to specified pressure.

Slow steering
response

Air in steering circuit.

Dirt or foreign material in spool in
steering valve.

Remove air from circuit.

Remove valve, disassemble and clean as
required. See Section 5007. Check condition
of system oil.
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General

The steering valve includes three main assemblies:
(1) steering column, (2) rotary type, open center valve
and housing, (3) metering gear set. See Figure 1.

In neutral, the valve cylinder ports are closed. Oil is
held in the lines to the steering cylinder. To cause
movement of the cylinder the steering wheel must
be turned.

The control section is similar in function to a
standard spool type valve. The rotary spool, rather
than being long like a cylinder with the lands in a
series, is round with the lands outward like the
hands of a clock. This spool is connected to the
steering wheel.

The sleeve is similar in function to a standard vaive
body, but has a body that is a cylinder with galleries
and passages on the inside diameter. The sleeve is
connected to the metering gear. In addition, the

VALVE SECTION

sleeve is free to rotate within the steering valve
housing.

The operation of the vaive during a turn and with the
steering wheel held stationary is shown in Figures 3
and 4.

Manual Pump

The design of the steering vaive is such that the unit
is also an auxiliary pump for steering. The machine
can be steered (with some difficuity) by the action of
the metering gear if, for any reason, the normal oil
supply is lost. In this condition, the machine is
without power steering but not without steering.

Check Valve

The pressure of the oil entering the control vaive is
usually enough to keep the check valve closed
between the IN and OUT ports. The check valve does
permit recirculation of the return oil when necessary
to use the unit as a pump.

METERING GEAR

) SECTION

/

< ‘
CHECK s}om. AND
VALVE SLEEVE

Figure 1. Steering Control Vaive - Identification of Sections
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FROM
HYDRAULIC PUMP

Figure 2. Oil Flow, Straight Ahead

Oil Flow — Straight Ahead
See Figure 2

The steering valve is normally in a centered position.
The machine can be going straight or turning but the
steering wheel is not being rotated. When the
steering wheel is being held stationary, whatever
position that is, the steering valve is in “neutral” In
this position the cylinder ports “R” and “L" are both

closed and the steering cylinder is held. The oil from
the pump enters the ““IN" port of the valve housing
(1). From there the oil flows by a passage to the ports
of the sleeve (2). In “neutral”, these ports connect
with through ports on the spool (3). The oil flows into
the center chamber of the valve and toward the rear
to where a second set of ports in the sleeve (2) and
spool (3) direct the oil to the “OUT" port and to the
reservoir,
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Oil Flow — Right Turn
Refer to Figure 3.

In making a right turn, the steering wheel is rotated
clockwise. As the wheel rotates, several porting
changes take place at the same time. As the spool (3)
rotates withing the sleeve (2), the spool closes the
through ports to the steering supply. As the spool (3)
rotates ports in the spool (3) and sleeve (2) are
aligned and route the steering supply to the
metering gear (4). The metering gear then starts to
rotate clockwise in proportion to the oil directed to
the metering gear. The sleeve (2) being mechanically
connected to the metering gear (4) also rotates
clockwise. As spool (3) and sleeve (2) rotate
clockwise, the spool (3) leads the sleeve (2) by a
small amount,

The steering supply flows through the metering gear
(4) to ports in the sleeve (2). These ports align with
ports in the spool (3) which route the steering supply
back to a commutator slot on the sleeve (2). Here the

oil flows out the “R" port of the housing. The oil is
then routed to the cylinder.

At the same time, return ports in the spool (3) open to
the commutator slot for the “L" port. Return oil is
routed through the sleeve (2) into a passage on the
spool (3), back through the sleeve (2) into the return
commutator slot in the housing (1) and to the "OUT"
port. From here the oil is sent back to the reservoir.

When steering wheel rotation is stopped, the sleeve
returns to a balance with the spool and the valve
returns to a ‘““neutral’” position. The valve has full
metering function. The valve will route part of the
supply oil to the steering cylinder and route the
remainder of the oil back to the reservoir.

Oil Flow — Left Turn

The oil flow during a left turn is the same as a right
turn except that the rotation of the spool and sieeve
is counterclockwise. Qil is routed to the steering
cylinder through “L” port and returns through the
“R" port. ‘

[7Z1 FROM
23 STEERING PUMP

TO TANK

METERED OiL
TO CYLINDERS

RETURN OIL
FROM CYLINDERS

LT

Figure 3. Oll Flow, Right Turn o
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SERVICING THE CONTROL VALVE

Removal

1.

Remove cover plate in front of instrument
panel.

Completely clean the area around the valve
ports to keep dirt out of the system.

Put tags on the lines as necessary for

identification at installation.

Rotate steering wheel a small amount in each
direction then release to get a balance of
pressure in the steering circuit. Slowly loosen
hydraulic lines at “L"” and “R” ports to release
any remaining pressure. Disconnect hydraylic
lines from IN and OUT ports. Put plugs in the
hydraulic lines and caps on the port connectors

of the control valve to keep dirt out of the _

system,

HORN BUTTON
/ HORN BUTTON
ADAPTER

5. Remove four boits which fasten steering
column and steering control valve to the
mounting bracket. Be sure to hold the control
valve in position while the last bolt is being
removed. Remove control valve.

Repair

Field repair of the control valve is not recommended.
Check with your local distributor for service parts and
repair.

Installation

Install in reverse order of removal. It is necessary to
remove air from the steering lines after instaliation.
See Section 5002.

STEERING :
CONTROL VALVE

STEERING
COLUMN

Figure 4. Steering Column and Control vaive
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SPECIFICATIONS
Cylinder bOre ...................ooiii 2.25" (57.2 mm)
Stroke ... .. e P 7.10" (180 mm)
Roddiameter.......... ... . .. 1.0" (2.54 mm)

SPECIAL TORQUES
Piston lock nut. ... .. 225-250 Ib-ft (305-339 Nm)

NOTE: Tighten cylinder head until contact is made between head flange and cylinder tube. Use spanner wrench and
breaker bar. Then hit breaker bar with a soft hammer until all turning motion between head and cylinder tube stops.

Figure 1. Spanner Wrench for Removal/instaliation of Cylinder Head

WARNING: To prevent injury or death. do
not work under raised machine yniess

Mam frame 1s'on firm support or blocks in a

manner to prevent machine from falling or
tipping

Engine 1s stopped.

Transmission s in Neuytral

Parking Brake 1s engaged and wheels
stopped with blocks to prevent machine

movements

Key 1s removed to prevent  accudtentil
starting

Another person s avadable to quve
assistance 1f needed
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SERVICING THE STEERING CYLINDER

Removal

1.

Use a service ramp or hoist to raise machine for
access to steering cylinder.

Stop the engine. Turn steering wheel a small
amount in each direction to release pressure in
hydraulic lines to steering cylinder.

Be prepared to collect the oil as you remove the
steering lines. Slowly ioosen the hydraulic
hoses to release any remaining pressure. Put a
tag on the hoses for identification and correct
assembly. Install plugs in end of hoses and
caps on cylinder ports to keep dirt out of the
system.

Measure the distance between centers of ball
joints. Make a record of this measurement for
assembly. Also, make a note of the position of
the clamps on the adjustable ends. The clamps
must be installed in same position at assembly.

Remove cotter pins, slotted nuts and washers

from cylinder ends. Take cylinder to a clean
work area for disassembly.

Disassembly

1.

2.

Remove caps from cylinder ports and drain oil
from cylinder.

Fasten cylinder.base in a vise; apply force only
across the clamp on adjustable end. To prevent
distortion or damage, do not apply force
directly to cylinder tube. Use a chain wrench
around solid end of cylinder tube if necessary
to prevent rotation of cylinder tube during
removal of head.

Use spanner wrench, Figure 1, and remove rod
bearing.

Pull piston rod assembly straight out of
cylinder tube. To help in removal, apply shop air
to cylinder base port to push piston out of
cylinder tube.

5.

Fasten adjustable end of rod in a vise. Do not
apply force to chrome part of rod.

Use a socket, wrench and a length of pipe to

loosen and remove the self-locking nut from
piston end of rod.

Remove piston assembly and rod bearing.

Remove and discard all o-rings, back-up rings,
wiper, wear ring and packings.

Inspection

1.

Clean all parts in a solvent that is not
flammable. Dry with compressed air free of
moisture.

Inspect cylinder rod for rust distortion, pitting

. or damage to the chrome. If there is damage,

have the old chrome completely removed and
finish with new chrome .001 inch (.0254 mm)
thick. If rod is bent, the rod must be replaced.
Do not try to straighten a bent rod.

Inspect cylinder bore for grooves, distortion or
other damage. Use a light to illuminate cylinder
bore for careful inspection. Replace cylinder
tube if there is distortion or damage.

Inspect piston assembiy for damage to lands.

Inspect rod bearing for wear or damage to bore or
threads. -

Repldce all o-rings, back-up rings, rod wiper,
piston wear ring, v-rings and all parts with wear
or damage. '

Assembly

1.

Install rod seal in bore of rod bearing. Install wiper in
front groove in bore of rod bearing. Lip of wiper must
be toward outside of cylinder. Install o-ring and back-
up ring in groove on outside of head. Back-up ring
must be toward outside of cylinder.
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1. Ball stud

2. Nut and cotter pin
3. Clamp assembly
4. Nut

5. Lockwasher

6. End clamp

7. Bolt

il
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8. Cylinder tube 15. Rod seal

9. Nut ' 16. Capscrew
10. Piston ‘ 17. Wiper
11. Wear ring 18. Cylinder rod
12, O-ring 19. Rod bearing
13. O-ring

14. Back-up ring

11
12 13 u
10 ] 16
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Apply petroleum jelly to rod seal and wiper in bore of
rod bearing. Carefully slide head assembly over piston
end of rod. Do nottry to install head over threaded end
of rod. Damage can be caused by rough edges in the
clamp thread area.

Install piston on rod, with wear ring groove toward rear.

Lubricate piston o-ring with petroleum jelly and install

on rod next to piston. Use care not to roll the o-ring.

Install piston lock nut and tighten to specified torque,
see page 5010-2.

Install split piston wear ring. Apply petroleum
jelly to cylinder case threads and outside of
piston v-rings. Carefully put assembled piston
rod into cylinder tube. Use care to prevent
damage to piston rings during installation.
Work piston rod straight into cylinder.

Lubricate o-ring on outside of cylinder head.
Slide head into cylinder tube and engage with
cylinder case threads. Tighten with spanner
wrench until contact is made between cylinder
head flange and cylinder tube. Continue to

tighten until all turning movement stops and

head is secure.

Fill and test cylinder before installation.

Test

. Cylinder rod must be retracted into the cylinder at

the start of the test.

1.

Move the cylinder rod through two complete

cycles at 800 psi (5 516 kPa) to remove air from
cylinder. Check for signs of external leakage. If
pressure differentiat between cylinder ports
during the second stroke is more than 50 psi
(344 kPa), cylinder assembly is not acceptable.

Completely clean the cylinder rod to remove oil,
grease and contamination. Move the cylinder
through four complete cycles at a pressure of
800 psi (5 516 kPa). On each stroke, stop the

cylinder stroke just before the piston reaches

the cylinder head. After four cycles, extend the
rod approximately hailf way. Check surface of

5010-5

- rod for indication of amount of rod seal leakage.
You will see a definite ring or part of a ring of oil
around the rod, Figure 3.

Figure 3. Rod Seal Leakage - Identification

Fully retract the cylinder rod. Then apply 2500
psi (17 237 kPa) of pressure to rod port and hold
for a minimum of 10 seconds. Look for signs of
internal (piston packing) and external leakage.
No internal or external leakage is acceptable.

Fully extend the cylinder rod. Apply 2500 psi
(17 237 kPa) of pressure to base port. Hold for a
minimum of 10 seconds. Check for leakage. No
internal or external leakage is acceptable.

If ball joints were removed, install and adjust to
the original dimension.

installation

it is best to fill the cylinder and remove air from the
lines before fastening cylinder to mounting bracket.
In this way, the cylinder ports will be at the top and
will permit complete removal of the air.

1.

Put the cylinder ports in a vertical position. Fill
cylinder completely with clean hydraulic oil.
Connect hydraulic hoses to cylinder ports.
Leave hoses loosened a small amount until
cylinder lines are filled with hydraulic oil.
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2. Startthe engine and tum the steering wheel to fill
the steering lines. Tighten hoses when air is
removed and lines are filled with hydraulic oil.

3. Extend cylinder rod to dimension measured at
removal. Cylinder length, from center of ball joint
to center of ball joint, when wheels are fiitfied is
26.94 inches (684.3 mm) on rear steer axle.
Lenght is 26.54 inches (674.1 mm) on optional
front steer axle. Balance ball joints on opposite:
cylinder to fit with cylinder collapsed.

4.  Fasten cylinder base to mounting bracket with
washer, slotted nut and cotter pin. Fasten rod of
cylinder to steering knuckle with flat washer,
slotted nut and cotter pin.
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- STEERING AXLE AND TIE ROD
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MAINTENANCE

Lubrication
Lubrication fittings are installed on the steering
knuckles and tie rod ends. Lubricate according to

schedule in Section 1050, Maintenance and
Lubrication.

Steering Alignment

Correct alignment of the steering axle is important
for correct steering and tire life. The wheels must be
adjusted for zero toe-in or toe-out.

(FRONT VIEW OF REAR TIRES)

Left Tire

. Right Tire

......
O R0en e

INDICATES TOE-IN CONDITION

..........................

INDICATES TOE-OUT CONDITION

Figure 1. Tire Inspection

If the tread on the tires is wearing evenly, the
alignment is correct. Indications of a toe-in or toe-
out condition are shown in Figure 1. To correct a toe-
in condition, increase the length of the tie rod. To
correct a toe-out condition, decrease the length of
the tie rod. '

NOTE: If more than % inch (6 mm) of adjustment is
necessary, make the adjustment on both ends of the
tie rod. Make sure both clamps on the tie rod are
tight.

One method of checking the alignment is to
measure from each wheel to the main frame. See
Figure 2. When the wheels are in a straight forward
position, dimensions A and B, C and D must be
equal.

{ B
Al 5 B
A
% FRAME
[ HH | Jo ]
_

."Figure 2. Wheel Alignment, Axle Installed on Machine

If the axle is removed from the machine, the wheels
can be aligned according to the following procedure:

1. Measure the distance between the front and
rear edges of the wheels on the wheel
centerlines.

2. Both dimensions must be equal.

Steering Linkage

Before you remove any part of the steering linkage
for repair or replacement, check the original
installation carefully.

1. Measure the length of the tie rod; from center to

center of the connections. Make a record of this
measurement,

2. Measure the amount of threads showing on the

ends of the steering cylinder, or measure the
full retracted length of the cylinder. Make a
record of these measurements.

Use these measurements to check the parts before
installation. Adjust the parts as necessary to get the
original dimensions. If you change the original
dimensions, an adjustment of the alignment will be
necessary.
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SERVICING THE STEERING AXLE

WARNING: To prevent injury or death. do
not work under raised machine uniess:

Main frame is on firm support or blocks in a
manner to prevent machine from falling or

tipping.
Engine is stopped.

Transmission is in Neutratl.

Parking Brake
stopped with blocks to prevent machine
movements

IS engaged and wheels

Key s removed accidentat

starting.
Another person s
assistance if needed.

to prevent

availabie to qive

Removal of Complete Axle

1. Lower the outriggers to raise the axle. Put
blocks under the rear of the frame. Remove the
two rear tires.

2. Disconnect the brake lines from the axle.

3. Disconnect the hydraulic lines from the

steering cylinder, or remove cylinder. See
Section 5010.

4. Putawheel jack under the axle beam. Remove
- axle mounting bolts. Carefully lower the axle
and remove from under the machine.

NOTE: If dowels hold the axle beam against the

frame, use a hammer and soft punch to remove the
dowels from the frame brackets.

Disassembly — Axle Hub
1. If axle is on the machine, remove wheel.

2. Disassemble the disc brake from disc plate.
See Section 7121,

NOTE: Do not disconnect the brake line from the disc
brake. If brake line is disconnected, it is necessary
to remove air from the brake line after installation.

3. Remove the hub cap (22). Then remove the
cotter pin (21), slotted nut (23) and washer (24).

4. Pull hub (26) from spindlie. The brake disc (31)
will be removed with the hub.

5. Remove the outer bearing cone (20) from the
hub.

6. Remove inner bearing cone (17).

7. Remove inner retainer (30) and felt seal (16). Do
not remove outer retainer (29) or spacer (28)
from the spindle unless replacement is
necessary..

8. If the brake disc (31) needs replacement, remove
twelve bolts (33) and washer (32). Then remove the
brake disc. A

Removal — Steering Knuckle

NOTE: Steering knucklé can be removed without
disassembling the hub, but the wheel and disc brake
must be removed. Do not disconnect the brake line.

1. If the left steering knuckle is being removed,
disconnect the steering cylinder from the
knuckle.

2. Remove cotter pin (41), nut (39) and washer (32).

Disconnect ball joint (38) from steering knuckle.

3. With a hammer and soft punch, remove retainer
pin (5).

4. Remove kingpin (12), then remove the steering
knuckle. Use care not to cause damage to the
shims (3) when removing the knuckle. Keep the.
shims together for assembly.

3

Inspection

Clean all parts completel'y. See Section 1055.

Make a careful inspection of all bearings, cups and
cones, including those not removed. Replace
bearings if rollers or cups are worm or show
indication of damage or distortion. Bearing cups and
cones must be replaced as a set.

Replace all parts which have damage. Also replace
any bolts with round corners, all lockwashers and
seals at the time of overhaul.
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1. Axie beam '

3. Shims

5. Retaining pin
6. Thrust washer
7. Nut

8. Lockwasher
9. Clamp

10. Bolt

11. Tle rod

12. Kingpin_

13. Thrust washer
14, Bearing

18. Steering knuckie
16. Felt seal

17. Inner bearing cone
18. Inner bearing cup
19. Outer bearing cup
20. Outer bearing cone

21. Cotter pin
22, Hub cap

23. Slotted nut
24. Washer

25, Wheel nut (6)
26. Hub

27. Wheel stud (6)
28, Spacer

29. Outer retainer
30. Inner retainer
31. Disc plate

32. Washer (12)
33. Boit (12)

34. Disc brake (caliper)

35. Retalning ring
37. Bearing

38. Ball stud joint
39. Slotted nut

Figure 3. Steering Axle

40. Grease fitting
41. Cotter pin

42. Nut

43. Boit

44. Tap bolt

45. Jam nut




Assembly — Steering Axle

1. If bearings were removed, press new bearings
into kingpin bores in knuckle. Top of bearings
must be even with top of kingpin bore as shown
in Figure 4.

2, Apply petroleum jelly to thrust washers (4 and
6) and install thrust washers on the axle beam
).

3. Put the steering knuckle into position on axle
‘beam. By hand, lift the steering knuckle and
install shims (3) until the steering knuckle fits
tightly against the axle beam (minimum vertical
movement). Shims are available in four sizes
from .005 to .025 inch (.127 to .635 mm),

4. Align the holes in the axle beam, thrust
washers, shims and steering knuckle. Install
the thrust washer (13) and kingpin (12). When
installing the kingpin, make sure the machine
flat for the retainer pin is toward the axie center.
Install the retainer pin (5). Use a hammer and
soft punch.

5. Connect ball joint (38) to the steering knuckle
with fiat washer (32), slotted nut (39) and cotter
pin (41).

6. If the steering cylinder was disconnected from
the steering knuckle, connect the steering
cylinder at this time.

7. Apply grease to the fittings for the steering
knuckle bearings. See List of Grease Fittings.

Assembly — Axle Hub

1. Fill inner bearing cone (17) and outer bearing
' cone (20) with wheel bearing grease. Install
bearing cones into the hub.

2. Install felt seal (16) on outer retainer which is
already installed on the spindie. Then install
inner retainer (30).

5021-5

3. Install the assembled hub on the spindle of the
steering knuckle.

4. Install washer (24) and slotted nut (23).

5. Rotate the hub while tightening the slotted nut.
The slotted nut must be tightened until there is
resistance in the rotation of the hub. Then _
loosen the nut until the nearest groove in the
nut aligns with the hole in the threaded end of
the spindle. Install the cotter pin (21).

6. Install the hub cap (22).

NOTE: If the axle is on the machine frame, do steps 7
and 8. If the axle is removed continue with
“Installation of Steering Axle.”

7. Install the disc brake (34). See Section 7121 for
assembly procedures.

8. Install wheel. See Section 6129.

Installation of Steering Axle

1. Use a wheel jack to move the steering axie into
position under the machine. Raise the axle and
align the two dowel pins with the holes in the
brackets on the frame.

2. Fasten the axle to the frame with eight boits
and nuts. Tighten the bolts to the correct
torque. See Section 1051.

3. Connect the hydraulic lines to the steering
cylinder.

4. Connect the lines to the disc brake and remove
the air from the brake lines. See Section 7121.

5. Install the wheels, remove blocks from under
frame and lower the outriggers.

6. Check wheel alignment, page 5021-3.
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SPECIFICATIONS

Description . . ... .......... .. ... . ... . . ..., Full electro-hydraulic transmission unit with
input, reverse, layshaft and mainshaft clutch
packs. Torque converter and parking brake

integral.
Designation . . . .. .. ... IR e e PS720 (2 wheel drive)
Weight(dry) . . . . . . . . o . e 236 Ib. (107 kg)
Number of Teeth ,
TransferGear . . ............... L e e 46
Layshaft . ... .... ... ... ... . . . . ... 16
‘Gear Ratios
I8t . e e e 5.72:1
2nd . .. e 3.231
3rd .. e e 1.77:1
Ah .. e 1.00:1
Torque ConverterDia. . . ................. P e e 11in. (279 mm)
Torque MultiplicationatStall . . . ... ................. 2.45:1
Torque Converter Color Code Identification ‘
ColorCodedDots . .. .. .............00..... One Blue
- One Green
Minimum Engine Rev/Min at Converter Stall* . . . . . . .. e e e 2.45:1 Ratio
-2nd Gear (Forward&Reverse) . ... ... ......... 2150 rpm |
-3rd Gear (Forward &Reverse) . .. ............. 2200 pm
Converter Pressures (in neutral) ; PSl kPa
Converterinat122°F (50°C) 1000mpm . .. ... ... .. .. ... 40-60 272-410
2000m . ... ............ 70-90 476-612
Converter Outat 122° F (50°C) 1000 /DM . . . . . ... . oo\ . ... 27-33 184-224
2000mm . .... ... ... ..., 33-39 224-265
Converter Inlet Relief Valve Pressure(max.) . ............. 95 646
Lubrication Pressures(in neutral) . PSI kPa
At 122° F (50° C) 1000mm . . . ............ 2.0-4.0 14-27
2000mm . . ... ... . .. .0-8.0 27-54

*Note: Using 2nd and 3rd gears in forward and reverse drive will ensure that ALL clutches are energized during the stall
test - refer to “Torque Converter Stall Test' on page 6102-15.

Mainline Pressure(in neutral) PSl kPa
Cooler at 122° F (50° C) 10000mm . ............. 85.5-104.5 581-711
2000/m ... ... 108-132 - 734-898
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SPECIFICATIONS (CONT'D) “
Flow Rates(in neutral) ‘ GPM L/PM
Cooler at 122° F (50° C) 1000 rpm e ‘ ... 2836 10.4-13.6
‘ 2000mm . ... ... 3.8-5.3 14.5-20.0
Pump at 122° F (50° C) 1000 rpm e e e e e 2940 11.0-15.0
2000mm ... 6.0-7.8 22.5-29.5

The following clutch pressures should be the same as Mainline Pressure to within 10 PSI (69 kPa):
Input Clutch Pressure (high and low ratio)

Reverse Clutch Pressure (high and low ratio)

Layshaft Clutch Pressdre

Mainshaft Clutch Pressure
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MAINTENANCE

Check Oil Level - (See Figure 1)
A Dipstick/Filler

Weekly or every 50 hours the oil level should be checked.
Qil level should be to the fuil mark on the dipstick when the
oil is cold, i.e., before starting machine operation. DONOT
OVERFILL.

Change Oil & Clean Strainer - (See Figure 1)

Every 12 months or 3000 hours replace the transmission
oil and clean the strainer.

Drain oil by removing drain plug B.

1.
2.
3.

Engage parking brake and shut off engine.
Uniatch and lift the engine compartment cover.

Put a’ suitable container under transmission drain
port.

Remove drain plug B, Figure 1 and drain oil.

Remove capscrews D, strainer G and gasket C.
Clean strainerin a suitable solvent. Discard gasket C.

Install clean strainer G and new gasket C. Tighten
capscrews D to a torque of 7.4 |b.-ft. (10 Nm).

Fill transmission with Mobil ATF210, or equivalent, to
dipstick A full mark. Capacity of transmission is
approximately four gallons (15.1 liters). Start engine
and run for a period not exceeding five minutes. Stop
engine, wait approximately one minute. Check oil on
dipstick A. Add oil to fill mark if required.

10. Close engine cover and latch in place.

Filter Replacement (See Figure 1)

1.

Level crane, engage parking brake and shut off
engine.

Unscrew and discard filter F.

Coat seal of new filter with clean transmission oil.
Install filter F and hand tighten only.

Fill transmission with Mobil ATF210, or equivalent
transmission oil to full mark on dipstick A.

Start engine and run for period not exceeding five
minutes. Stop engine, wait approximately one minute
and check oil level. Add oil to full mark on dipstick if
required.

Figure 1. Maintenance Points
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DESCRIPTION OF OPERATION

TORQUE CONVERTER (SEE FIGURE 2)

The torque converter is the hydraulic link between the
engine and the drive train. There are three main
components in the torque converter:

1. Aturbiner
2.  Animpeller (or pump) |
3. A Stator and One-Way Clutch

The impeller is the pump for the torque converter. This
component starts the movement of the il to the other
components. The impeller is connected to the engine
flywheel through the torque converter and a drive plate.
The impeller rotates at engine speed. Similar to a
centrifugal pump, the impeller takes oil at the inner
diameter and releases the oil at the outer diameter.

TURBINE

STATOR

Figure 2. Cross Section of Torque Converter

The turbine is opposite the impeller and is connected by
splines to the input shaft of the Powershift -Transmission.
The turbine receives oil at the outer diameter and releases
- the oil to the stator at the inner diameter. The movement
of oil from the impeller to the turbine makes a multiplication
of torque possible. The torque converter gives maximum
torque when the turbine is at zero pm.

The stator is between and at the center of the impeller and
the turbine. The stator changes the direction of the oil
which leaves the turbine so the oil will enter correctly again
into the impeller.

The torque converter and the transmission have a common

hydraulic system. Figure 3 shows the arrangement of the
system.

NOTE: Normal operating temperature is 180-190° F
(82-88° C). High temperatures will cause damage and
leakage in the seals and gaskets of the torque converter.
Do not continue operation if the temperature increases
above 190° F (88° C). Put the transmission in “neutral®
position and let the engine run at low rpm until the
temperature retums to normal. If the temperature does not
retum to normal, check for restriction in the lubrication and
cooling lines of the torque converter. '

POWERSHIFT TRANSMISSION - (SEE FIG-
URE 3)

The Powershift is an electro-hydraulic transmission unit.
Gear shifting and direction selection are controlled using
multi-disc clutch packs.

Electrically operated solenoid vaives divert pressurized oil
(provided by pump Q) to the selected clutch packs.

A combined lever/swivel switch (Travel Select Lever) on
the steering column actuates both gear ratio and direction
solenoids.

IMPORTANT: Due to the orientation of the transmission
unit in this machine, when the Reverse Clutch is selected,
the machine will travel forwards. Similarly, when the
Forward Clutch is selected, the machine will travel in
reverse.

The Powershift unit consists of a torque converter A, input
clutch assembly B, reverse clutch assembly C, layshaft
assembly E, mainshaft assembly D and a parking brake
disc J mounted on splined output shaft K.

The torque converter is a fluid coupling bolted to a drive
plate which in tum is bolted to the engine flywheel. As the
engine starts to rotate, the converter gives smooth power
take-off gradually increasing the torque transmitted. This
torque is transferred from the converter assembly to the
clutch/gear assemblies via input shaft H.
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A - Torque Converter

B - Input Shaft Assembly

C - Reverse Clutch Assembly
D - Mainshaft Assembly

E - Layshaft Assembly

G - *3-Position Solenoid Valve
(Forward)

H - Input Shaft
J - Parking Brake Disc
K - Splined Output Shaft

L - *3-Position Solenoid Valve
(Reverse)

M - 3-Position Solenoid Valve
(Mainshaft/Layshaft)

*NOTE: Due to orientation of the
transmission on this machine, when the
Reverse Clutch is selected, the machine
will travel forward. Similarly, when the
Forward Clutch is selected the machin
will travel in reverse. :

P - Solenoid Valve Adapter Block
Q - Pump
R - Spur Gears

Figure 3. Transmission Operation

Input clutch assembly B contains two hydraulically
operated clutches; one clutch provides a forward low ratio
drive and the other a forward high ratio drive. 3-position
solenoid valve G, when energized,directs pressurized oil
to either the forward low or forward high clutch.

The reverse clutch assembly C is similar to the input clutch

assembly. It contains two hydraulically operated clutches;

one clutch provides a reverse low ratio drive and the other
a reverse high ratio drive. 3-position solenoid valve L,
when energzsed, directs pressurized oil to either the
reverse low or reverse high clutch.

Forward drive is transmitted via constant meshing of spur
gears Z.

Both the mainshaft and the layshaft assemblies have a
single clutch each. 3-position solenoid valve M, when
energized, directs pressurized oil to either the mainshatt
clutch or the layshalft clutch.

Hydraulic Operation (See Figure 4)

When the Powershift is operated, multi-disc clutch packs
are pressurized and engaged. The engaged clutch packs
then transfer drive from the engine to the road wheels (via
the torque converter A, input shaft H and drive shatfts).




*NOTE: Due to orientation of
the transmission on this
machine, when the Reverse
Clutch is selected, the
machine will travel forward.
Similarly, when the Forward
Clutch is selected the machine
will travel in reverse.

A - Torque Converter

B - *Forward Low Ratio Clutch
E - Layshaft Drive Clutch

G - *Forward Solenoid Valve

M - Mainshaft/Layshaft Solenoid
Valve.

R - Pressure Maintenance Valve
S - Solenoid Valve Adapter Block
T - Relief Valve

Figure 4,

W - Manifold
X - Restrictor Orifices
Y - Filter

6102-6
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Different combinations of engaged clutches give four gear
ratios in forward and reverse drive. There must always be
two clutches engaged before the machine will drive: 1) a
direction ratio clutch (for instance forward low) and 2) a
drive clutch (layshaft or mainshaft).

NOTE: Due to the orientation of the transmission unit in
this machine, when the Reverse Clutch is selected, the
machine will travel forward. Similarly, when the Forward
Clutch is selected, the machine will travel in reverse.

The illustration shows 1st gear reverse selected, therefore,
the two engaged clutches will be forward low ratio clutch
B and layshaft drive clutch E.

For the pumpose of this description, clutches not used when
1st gear reverse is selected are not shown.

Oil from the pump Q is fed through an intemal passage via
the filter Y to the pressure maintenance valve R, which
maintains a constant pressure to the solenoid valve
adapter block S.

The solenoid adapter block houses the solenoid valves
which are used to divert oil to the clutch packs.

Excess oil from the maintenance valve flows through the
casing to the torque converter. Qil enters the converter
between the converter hub and the stator support, and
leaves between the stator and the input shaft. Pressure in
the converter is controlled by relief valve T which dumps
oil from the converter line back to the sump.

QOil from the torque converter flows out of the transmission
unit to the external oil cooler V. From the cooler, the oil
flows to manifold W which distributes the oil to pass
through the center of all the clutches for lubrication
purposes.

In neutral, the flow of pressurized oil is blocked at the
solenoid valves.

With 1st gear reverse, selected solenoid valves G and M
are energized. The energized valves cause internal spools
to move, which then divert pressurized oil to clutch packs
B and E via intemnal galleries.

The drive from the engine is then transferred via the
engaged clutches and gears to the output flange (and
finally to the road wheels). '

Figures 5 through 9 illustrate drive paths and which
clutches are engaged.

Restrictor orifices X in the feed lines to the solenoid valves

‘modulate the pressure to the clutches, this ensures a

smooth clutch engagement. Pressure from clutches not
engaged will vent back to the sump via galleries and the
solenoid spools.




6102-8

. - Powershift-Drive Paths

Figure 5 -1st GEAR FORWARD

A - Reverse Low Ratio A - Reverse low

H - Layshaft H - Layshaft

Note that forward drive is achieved throughthe
meshing of spurgears Z.

Figure 5.

Figure 6 - 2nd GEAR FORWARD

B - Reverse High Ratio

B - Reverse High
H - Layshaft H - Layshaft
Note that forward drive is achieved throughthe

meshing of spur gears Z.
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Figure 7 - 3rd GEAR FORWARD

A - Reverse Low Ratio A - Reverse low

G - Mainshaft G - Mainshaft

Note that forward drive is achieved through the
meshing of spur gears Z.

Figure 8 - 4th GEAR FORWARD

B - Reverse High Ratio | B - Reverse High
G - Mainshaft G - Mainshaft

Note that forward drive is achieved through the
meshing of spur gears Z.




Figure 9.
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Figure 9 - 1st GEAR REVERSE

C - Forward Low Ratio C - Forward Low
H - Layshaft H - Layshaft
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TROUBLESHOOTING

The Powershift fault finding procedures concern themselves with general problems normally associated with this type of
transmission system, and so the layout is a "Possible Cause and Remedy" type.

Full flows, pressure and stall testing procedures for the Powershift transmission start on page 6201-14.

Before commencing with the fault finding procedure, make sure that the correct type of transmission fluid has been used

(Mobil ATF210, or equivalent).

NOTE: Due to the orientation of the transmission unit in this machine, when the Reverse Clutch is selected, the machine
will travel forwards. Similarly, when the Forward Clutch is selected, the machine will travel in reverse.

Troubleshooting Guide

LACK OF POWER

Possible Cause
1. Poor engine condition
2. Low oil level

3. Worn pump.

4. Torque converter damage

5. Low mainline pressure

6. Clutches slipping

7. Internal leakage

8. High stall speeds

9. Low stall speeds

10. Overheating

LOW MAINLINE PRESSURE

Possible Cause
1. Worn pump

2. Blocked suction strainer

3. Pressure maintaining valve sticking/leaking
4. Oil aerated (foaming)

Remedy
1. Check and if necessary repair engine
2. Top up system

3. Check and if necessary repair or reblaoe pump

4. Check and if necessary repair or replace torque converter
5. See fault "Low Mainline Pressure" |

6. Check clutch pressures, check clutch piston rings

7. Check internal cored galleries and their casting for porosity.
8. See fault "High Speeds (on ALL clutches)"

9. See fault "Low Speeds (on ALL clutches)"

10. See fault "Overheating"

Remedy

- 1. Check and if necessary repair or replace pump

2. Cleah suction strainer

3. Free sticking valve or replace valve

4. a) Internal leakage(cored galleries) -inspect/repair
transmission

b) Dirty suction strainer-clean strainer
c) High oil level-drain to proper level
d) Incorrect grade of oil-drain then refill with correct oil
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Troubleshooting Guide Cont’d)

HIGH STALL SPEEDS (ON ALL CLUTCHES)‘

Possible Cause _ Remedy

1. Damaged converter blades 1. Check and if necessary repair or replace converter

2. Clutches slipping 2. Strip, inspect and install new clutch friction/counter plates
3. Internal leakage v 3. Check internal cored galleries and the casting for porosity
LOW STALL SPEEDS (ON ALL CLUTCHES)

Possible Cause Remedy

1. Poor engine condition 1. Check and if necessary repair engine

2. Torque converter reaction member clutch slipping 2. Check and if necessary repair torque converter

LOW CONVERTER OUT PRESSURE

Possible Cause : Remedy

1. Low Mainline Pressure 1. See fault heading "Low Mainline Pressure"
2. Converter internal leakage 2. Check and if necessary replace converter
3. Converter relief valve faulty , 3. Check and if necessary repair relief valve
LOW PUMP FLOW )

Possible Cause . Remedy

1. Low oil level 1. Add hydraulic oil

2. Blocked suction strainer 2. Clean suction strainer

HIGH CONVERTER OUT PRESSURE

Possible Cause Remedy

1. Oil cooler/lines blockage. 1. Clean cooler, free blockage.

LOwW LUBRICATION_ PRESSURE

Possible Cause Remedy

1. Low mainline pressure 1. See fault “Low Mainline Pressure®

2. Oil coolerflines blockage. 2. Clean cooler, free blockage

3. Ruptured lubrication line { 3. Repair line

4. Converter internal leakag ' 4. Check, and if necessary replace converter

5. Converter relief valve faulty 5. Check, and if necessary repair or replace relief valve




67102-13

Troubleshooting Guide (Cont’d)

OVERHEATING

Possible Cause

1. Low oil level

2. High oil level

3. Trapped or kinked hoses in cooler system
4. Low converter out pressure and flow rate
5. Qil cooler blockage

6. Operating in wrong gear range usage

7. Water system overheating

8. Oil aerated (foaming)
9. Clutch piston(s) sticking on return stroke

10.Cored galleries on front housing pump mounting
face wrong depth (minimum 0.2 inches [5 mm]).
Indicated with an excessively low pressure and
flow on the converter out cooling line. See Figure
10.

Remedy

1. Top up system

2. Drain oil to correct leve

3. Renew & or repair hoses

4. Repair or replace the converter relief valve.

5. Clean cooler

6. Select correct gears to suit working conditions

7. Rectify water system problems; example, radiator, cooler
lines, low water level, etc.

8. See fault "Low Mainline Pressure”, item 4

9. Check and repair clutch piston(s) and seal(s.

10.Replace front housing (or rectify existing housing)

11 Leakage across pump mounting face and front case. 11.Check for damaged surface on both components and loose

pump mounting bolts.

Figure 10.
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SOLENOID IDENTIFICATION

When testing individual clutch pressures (see page
6102-15), it is necessary to isolate the clutch being tested.
So, for instance, to check the layshaft clutch, we could
select 1st gear forward. This would energize the layshatt
and reverse low clutches. Because we only want to check
the layshaft clutch pressure and not the reverse low clutch
pressure, remove the electrical connector to the reverse
low clutch BEFORE selecting 1st gear.

Use the tables below to determine which solenoid electrical
connectors should be removed when pressure testing
individual clutches. Table 1 identifies the solenoid
connectors (refer to Figure 11), and Table 2 identifies
which clutches are engaged when the various gears are
selected.

Note that the identifying annotations (items E, F etc.) are
the same as those found on the machine wiring harness.

190,

[}

.
- c—

Figure 11.

Table 1

|__Solenoid Description
Forward High

Forward Low
Mainshaft

Layshaft

Reverse Low

Reverse High

6102-14

Table 2

Gear Selected | Clutches Engaged

1st Forward Reverse Low & Layshaft (items A & H)
2nd Forward Reverse High & Layshaft (items B & H)
3rd Forward Reverse Low & Mainshaft (items A & G)
4th Forward Reverse High & Mainshaft (items B & G)
1st Reverse Forward Low & Layshaft (items C & H)
2nd Reverse Forward High & Layshatt (items D & H)
3rd Reverse Forward Low & Mainshatt (items C & G)
4th Reverse Forward High & Mainshatt (items D & G)
TEST FOR CLUTCH LEAKAGE

WARNING: DO NOT go underneath the
machine with the engine running. Turn off

the engine, apply parking brake. chock
wheels and remove ignition key before
going underneath the machine.

Isolating a Suspect Clutch

1. Stop engine, connect a 0-300 psi (0-2040 kPa)
pressure gauge to test connector A, Figure 13
(mainline pressure test point).

2. Make sure that both sides of all four wheels are
chocked. Apply foot brake and parking brake.

3. Start engine and run at 1000 rpm, engage 1st gear
forward. Record the pressure reading. Repeat the
test for all gear ratios in forward drive and record the
pressure readings as shown below:

Example Only

Gear Ratio Mainshaft or PSI kPa
Select Clutch __ Layshaft Clutch

1st Reverse Low Layshaft 140 952
2nd  Reverse High Layshaft 125 850
3rd Reverse Low Mainshaft 140 952
4th Reverse High Mainshaft 1256 850

NOTE: Due to orientation of the transmission unit in this
machine, when the reverse clutch is selected, the machine
will travel forward. Similarly, when the forward clutch is
selected, the machine will travel in reverse.

Readings should not vary between clutches by more than
10 psi (69 kPa). In the example shown, we can ses that
pressure is low when 2nd and 4th gear forward is selected,
indicating clutch leakage.
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From the table we can see that the reverse high clutch is
used for selection of both 2nd and 4th gear forward. We
know from the table that the mainshaft and layshaft
clutches are working normally (1st and 3rd gear selection
show normal operating pressure). So we can assume that
the reverse high clutch is leaking.

We can now confirm the reverse high clutch is leaking by
completing an "Individual Clutch Leakage Test."

NOTE: Repeat above procedure using reverse ratios if
necessary.

Individual Clutch Leakage Test

In the following procedures the reverse clutch is tested,
therefore, in step 2 a pressure gauge is connected to the
reverse high clutch test point.

When testing other suspect clutches, connect a gauge to
the relevant suspect clutch test point. See Figure 13 for the
position of individual clutch pressure test points. Because
the reverse clutch high clutch is suspect, a gear must be
selected that will use the reverse high clutch, in this
instance 2nd gear forward.

1. Stop engine, connect a 0-300 psi (0-2040 kPa)
pressure gauge to test connector A, Figure 13
(mainline pressure test point).

2. Remove the layshaft clutch solenoid feed connector
H, Figure 12. This ensures that only the reverse high
clutch is energized when 2nd gear forward is
selected.

NOTE: See page 6102-1 for identification and posit'ion of
solenoid feed connectors when testing other suspect
clutches.

Flgure 12.

3. Make sure that both sides of all four wheels are
chocked. Apply foot brake and parking brake.

4. Start engine and run at 1000 pm, select 2nd gear
forward. Note the pressure readings on both gauges,
which should not vary more than 10 psi (60 kPa). If
the difference on the gauges is greater than 10 psi
(69 kPa) do the following:

a. Stop the engine and interchange the gauges.

b.  Startthe engine and run at 1000 rpm, select 2nd
gear forward. If the difference on the gauges is
still greater than 10 psi (69 kPa), service the
reverse high clutch.

c. If after interchanging the gauges, the readings
are different than in step 5, have the gauges
calibrated and repeat the test procedure. .

- TORQUE CONVERTER STALL TEST

NOTE: Engine speed must be recorded during this test.
This machine is not equipped with a tachometer. One must

be temporarily installed to perform this test.

NOTE: DO NOT stall the converter for longer than 10
seconds or the transmission fluid will overheat. Make sure
that the .oil level is correct and at normal operating
temperature.

Before completing the following test, remove the
transmission dipstick. if there is any sign of smoke emitting
from the dipstick tube, STOP THE TEST IMMEDIATELY
and dismantle the transmission for servicing.

1. Ensure that the engine and transmission are at
normal working temperature. Run engine at
maximum speed and check the No Load Speed. See
engine Technical Data in Engine Operator's Manual.

2. Apply parking brake and foot brake firmly. If
necessary, set the machine against a fixed
obstruction. -

3.  Select2nd speed forward drive and open throttle fully.
Record the engine speed from the tachometer.
Repeat the test for 3rd speed forward and record the
speed reading.

4. Repeat step 3, except this time select 2nd and 3rd
gear reverse drive respectively. Record the speed
readings.

NOTE: Using 2nd and 3rd gears in forward and reverse
drive will ensure that ALL clutches are energized during
the test.




Figure 13.
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5. All recorded readings should be as specified at
Torque Converter Stall in technical data on page
6102-1.

If engine speeds are below the stated figures, either the
engine is losing power and should be serviced/overhauled
or the torque converter reaction member clutch is slipping.
To check the engine, select Neutral, open throttle fully and
raise the booms fully to bring the main relief over relief.
Engine speed should fall to slightly above the Maximum
Governed Speed. If engine speed is correct, the torque
converter reaction member is slipping.

If engine speeds are higher than Maximum Govermned
Speed, check the transmission for clutch slippage or
internal leakage. To isolate a suspect ciutch, tabulate the
recorded readings as shown in the example below:

Gear | Direction Mainshaft or RPM
Select| Clutch LayshaftClutch |
2nd | Forward High | Layshaft 2060
3rd Forward Low | Mainshaft 1990
2nd | Reverse High | Layshaft 1985
3rd | Reverse Low | Mainshaft 1980

In the example shown, the engine speed is abnormally high
when 2nd speed forward drive is selected, indicating a
slipping clutch.

From the table, we can see that the layshaft clutch is
working normally (2nd speed reverse indicates 1985 rpm).
Therefore, it follows that the suspect clutch is the forward
high. Assuming all other possible faults have been
eliminated (see Troubleshooting) this clutch would be
disassembled for servicing.

PRESSURE AND FLOW TESTING

WARNING: Fine jets of hydraulic oil at high
pressure can penetrate the skin. Do not use
your hand to check for hydraulic leaks. Do
not put your face close to suspected leaks.

Hold a piece of cardboard close to
suspected [eaks and inspect the cardboard
for signs of hydraulic oil. If hydraulic oil
penetrates your skin. get medical help
immediately.

WARNING: Take care when disconnecting
hydraulic hoses and fittings. The oil will be

hot and could cause burns.

WARNING: DO NOT go underneath the
machine with the engine running. Tum

engine off, apply parking brake and remove
ignition key before going underneath the
machine.

Before completing any transmission pressure/flow tests,
make sure that the oil level is correct and normal operating
temperature. :

TEST POINTS

A - Mainline pressure

B - Converter inlet/converter relief valve pressure

C - Converter outlet pressure

D - Mainshaft clutch pressure

E - Layshaft clutch pressure

F - Pump flow (remove filter and fit adapters)

G - Forward high ratio clutch pressure

'H - Forward low ratio clutch pressure

J - Lubrication pressure

K - Cooler flow (flowmeter in-line from cooler to
“transmission

L - Reverse high ratio clutch pressure
M - Reverse low ratio clutch pressure
N - (Not applicable)

P - Load valve

Pump Flow

NOTE: Special adapters are required to perform the
following test. Contact Shuttlelift, Inc.

Refer to Figure 13.

NOTE: The installation is typical Powershift transmission;
it may vary in detail from the actual transmission.

1. Stop engine, remove transmission filter and screw
special adapter X onto the threaded spigot. Install
special test adapter Y and secure with adapter Z.
Connect flowmeter W.

2. Start engine and run at 1000 rpm. With the
transmission in neutral, the flowmeter will show the
pump flow which is shown in specifications on page
6102-1. A low reading indicates a wom pump or
blocked suction strainer.

3. Repeat step 2 and note gauge readings with engine
running at 2000 rpm.

4. Stop engine and remove test adapters. Install filter.
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Mainline Pressure

Refer to Figure 13.

1.

4,

Stop engine, connect a 0-300 psi (0-2040 kPa)
pressure gauge to test connector A.

Start engine and run at 1000 rpm. With the
transmission in neutral the pressure gauge will show
the mainline pressure, which should be as shown in
specifications on page 6102-1. A low reading can be

- caused by either a faulty pressure maintenance valve

or a worn pump. A high reading may indicate a faulty
pressure maintenance valve.

Repeat step 2 and note gauge readings with engine
running at 2000 rpm. ’

Stop engine and remove test gauge.

Converter Out Pressure/Oil Cooler Flow Rate

Refer to Figure 13.

1.

Stop engine, connect a 0-300 psi (0-2040 kPa)
pressure gauge and flowmeter into the converter out
line as shown at C and K respectively.

Run the engine at 1000 rpm with transmission in
neutral. The pressure gauge indicates the converter
out pressure and the flowmeter indicates the oil cooler
flow rate. Both readings are found in the
specifications on page 6102-1. A high pressure
together with a low flow could be caused by a blocked
oil cooler.

Repeat step 2 and note gauge reading with engine

-running at 2000 rpm. :

Stop engine, remove test gauge and flowmeter and
install hoses to original position.

Coriverter in Pressure

Refer to Figure 13.

1.

2.

Connect a' 0-300 psi (0-2040 kPa) pressure gauge to
test point B.

Install a load valve P into the converter out line.
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IMPORTANT: DO NOT allow the pressure to exceed 150 _
psi (1020 kPa) or damage to the converter seals will occur.

3.

Start the engine and run at 1000 mm. With the
transmission in neutral, slowly screw down the load
valve P while observing the gauge reading which
should rise to the converter relief (safety) valve setting
specified on page 6102-1. )

If the reading is higher than specified then the
converter relief valve is faulty. A low reading indicates
a leaking pump seal or faulty converter relief valve.

Stop engine, remove test gauges and install hoses to
original position.

Lubricating Pressure

Refer to Figyrgﬂ13. .

1.

Stop engine, connect a suitable pressure gauge into
the return line from the oil cooler to the transmission
as shownin J.

Start engine and run at 1000 rpm. With the
transmission in neutral, the pressure gauge will
indicate the lubrication pressure which is specified on
page 6102-1,

Repeat step 2 and note pressure with engine running
at 2000 rpm.

Stop engine and remove’pressure gauge.
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SERVICING THE TORQUE CONVERTER

Removal
1. Remove complete power unit. See Section 2050.

2. Fasten front engine mount to work bench and put
blocks under rear of engine in a way that will prevent

engine from tilting. Use a hoist to hold the weight of

the transmission.

3. Remove. 12 bolts and lockwashers which fasten
torque converter housing to engine flywheel housing.
(see Figure 6).

4. The converter is fastened through a drive plate to the
engine flywheel. Remove six mounting bolts to
remove converter and drive plate. Then remove six
boits and lockwashers which fasten converter and
reinforcement to drive plate.

5. Replace complete converter. The parts are not
serviced separately. Replace drive plate if there is
distortion or damage.

NOTE: It is recommended that the converter be replaced
each time system contamination occurs. It is not possible
to completely clean the converter by flushing to remove the
contamination. Replacement of the complete assembly is
necessary to prevent early failure of other components in
the system.

Installation

1.

Assemble the drive plate and reinforcing platé to the
torque converter. Tighten bolts to specified torque,
Section 1051,

Clean the pilot bore of the engine flywheel!.

Install the torque converter and drive plate to the
engine flywheel. Check alignment of the torque
converter to the flywheel. The torque converter must
be centered on the flywheel within .004 inch (.102
mm). To check, use a dial indicator held in position
against the converter hub.

Tighten the mounting bolts for the drive path to
specified torque, Section 1051.

Clean and lubricate the splines on the input shaft.

Assemble torque converter housing to the engine
housing. Align the splines on transmission input shaft
with the splines for the torque converter impeller.
Install the mounting bolts for the torque converter
housing and tighten to specified torque, Section 1051.

Install power unit into machine. See Section 2050.

Connect transmission cooling lines. Fill transmission

- sump and lines. See Maintenance, Powershift

Transmission, Section 6102.




BEFORE
/[ W1318

1. Flywheel Housing 8. Seal Washer (3) 15. Capscrew (2)

2. Front Casing 9. Plug 16. Filter Adapter

3. Rear Casing 10. Spring 17. Ol Fiiter Element
4. Bolt (19) 11. Ball 18. O-Ring (3)

5. Dowel (6) _ 12. Plug (8) 20. Seal Washer (2)
6. Screw (11) 13. Gasket 21, Bolt (2)

7A. Adapter (2) 14. Suction Strainer 24. Plug (7)

Figure 1. Transmission - External Components

25. Adapter

26. Adapter

27. Washer Seal

28. Ol Pressure Switch
29. Test Adapter

30. Plug

31. Seal Washer

61102
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32. input Clutch Assembly
33. Clutch Housing

34. O-Ring (2)

35. Piston Assembly (2)
36. O-Ring (2)

37. Piston Liner (2)

38. Oil Baffle (2)

39. Spring (2)

40. Spring Retainer (2) -48. Thrust Washer (2)

41. Circlip (2) 49, Thrust Bearing (4)

42. Spring Disc (2) 50. Thrust Washer (4)

43. Pressure Plate (2) 51. Gear/Clutch Housing (High)
44. Friction Plate (12) 52. Gear/Cluich Housing (Low)
45. Counter Plate (10) §3. Bearing (2)

46. Circlip (2) 54, Thrust Washer (2)

47. Shim Plate (A/R) §5. Bearing (2)

Figure 2. Transmission - Input Clutch

56. Ring Seal (4)
§7. Pressure Plate (2)
58, Shim Kit

~59. Ol Pump

60. Shaft Seal
61. Seal

62. Bolt (4)

63. Washer (4)
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64. Output Clutch Assembly 72. Spring Retainer (2) 80. Thrust Washer (3) 88. Ring Seal (4)

65, Clutch Housing 73. Circlip (2) 81. Thrust Bearing (4) 89. Pressure Plate (2)
66. O-Ring (2) 74. Spring Disc (2) 82. Thrust Washer (4) 90. Shim Kit

67. Piston Assembly (2) 75. Pressure Plate (2) 83. Gear/Clutch Housing (High) 91. Spacer

68. O-Ring (2) 76. Friction Plate (12) 84. Gear/Clutch Housing (Low) 92. Gasket

69. Piston Liner (2) 77. Counter Plate (10) 85. Bearing (2) 93. Cover

70. Ol Baffle (2) 78. Circlip (2) 86. Thrust Washer (2) 94. Boit (4)

71. Spring (2) 79. Shim Plate (A/R) 87. Bearing (2)

Figure 3. Transmission - Reverse Clutch
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95. Nut

96. Washer

97. Output Flange

98. Seal

99, Bearing

100. Collapsible Spacer
101. Bearing

102. Transfer Gear 109. Spring Retainer
103. Bearing 110. Spring

104. Circlip 111. Oil Baffle

105. Pressure Plate (2) 112. Piston Liner
106. Friction Piate (9) 113. Piston Assembly
107. Counter Plate (8) 114. O-Ring

108. Circlip 115. O-Ring

Figure 4. Transmission - Mainshaft

116. Mainshaft Gear

117. Ring Seal

118. Taper Roller Bearing
119. Shim Kit

120. Mainshaft Spacer
121. O-Ring

122. Shim (A/R) .
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GEAR SHOWN INSTEAD
OF SPACER.

123. Coated Bolt (4) 131. Thrust Washer (2) 139. Circlip 147. O-Ring

124. End Cover 132, Gear 140. Plate Shim (A/R) 148, O-Ring

125. Gasket - 133. Needle Roller Bearing (2) 141. Pressure Plate (2) 149. Housing

126. Ring Seal 134, Washer 142, Friction Plate (6) 150. Spacer

127. Shim Kit 135. Circlip . 143. Counter Plate (5) 151. Bearing

128. Bearing 136. Spring Retainer 144, Piston Assembly 152. O-Ring

129. Layshaft Gear 137. Spring 145. Piston Liner 1563. Pressure Plate
130. Needle Bearing (2) 138. Oll Baffle 146. O-Ring

Figure 5. Transmission - Layshaft
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164
2
2

154. Gasket

155. Adapter Block Assembly
156. Spool

167. Spring

158. Plug

A

166
159. Bolt (14) 164. Seal Kit
160. Flat Washer (16) " 165. Capscrew (12)
161. Bolt (2) 166. Bolt

162. Plug
163. Solenoid Valve

Figure 6. Transmission - Solenoid Valves

161

160,




167. Torque Converter 172. Bolt (6)
168. Drive Plate Kit 173. Washer (6)
169. Drive Plate 174. Filler Tube
170. Reinforcing Plate 175. Dipstick
171. Bolt (8) 176. Nut

177. Gearbox Filler Tube Bracket
178. Plug (2)

179. Adapter (2)

180. Seal Washer (2)

181. Adapter (2)

Figure 7. Transmission - Drive Components hnd Piping

182. Seal Washer (2)
183. Pipe

184. Manifold -

185. Pipe

6110-8
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SERVICING THE POWERSHIFT TRANSMISSION

IMPORTANT: To properly service this transmission,
special tools are required. DO NOT attempt to perform
service without the tools. See page 6110-28.

Removal:

1. Follow removal instructions for the torque converter
and remove the torque converter.

Disassembly:

1. Remove drain plug (30, Figure 1). Drain lubricant from
transmission into a suitable container.

2. Remove and discard oil filter (17). Remove filter
adapter (16).

3. Unscrew bolts (A, Figure 8) and remove the torque
converter pump assembly.

Figure 8.

4. Remove and discard pump sealing ring (61, Figure
2).

5. Separate the torque converter pump components.
Remove and discard oil seal (60) from pump housing.

6. Remove twelve capscrews (B, Figure 9). Remove the
three solenoid valves (C).

7. Unscrew sixteen bolts (D, Figure 10) and remove the
~ solenoid adapter block. Remove and discard the
solenoid adapter block gasket.

8. Unscrew plug and withdraw pressure maintenance
valve spool and spring.

Figure 10.

9. Position transmission vertically, standing on face of
flywheel housing. ‘

CAUTION:The transmission weighs

approximately 236 Ib. (107 kg). A crane must

be used to move the transmission into a
vertical position.

10. Remove plug (9, Figure 1), relief vaive ball (11),
spring (10), and seal (8) from front casing (2).

11. Rembve four bolts (123, Figure 5) and remove
layshaft end cap (124). Remove gasket (125), shims
(127), ring seal (126) and o-ring (152).




NOTE: The brake mounting bracket must be removed to
allow access.

12. Unscrew nineteen bolts (4, Figure 1) and lift off rear
casing (3).

NOTE: Make sure that the intemal components remain
seated in the front casing. If necessary, rotate the brake
disc back and forth slightly to dislodge the internal
components. :

13. Note the three o-rings fitted next to the input and
reverse clutch assemblies. See Figure 11.

Figure 11.

14. Tilt and lift out the layshaft assembly (E, Figure 12).
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NOTE: For reference, the clutch assemblies are identified
as follows:

E = Layshaft

F = Mainshaft

G = Reverse Clutch
H = input Clutch

15, Withthe help of an assistant, lift and tilt both mainshaft
and input clutches as shown in Figure 13; then tilt and
- lit out the reverse clutch (G).

, l‘

it

Figure 13.

16. Slightly lift the input clutch and at the same time tilt
and lift out mainshaft (F, Figure 14).

Figure 14.
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17. Lift out the input clutch (H, Figure 13).

18. Unscrew eleven boits (6, Figure 1) and remove
flywheel housing (1).

19. Secure the brake disc using tool P/N 1001835 as
shown in Figure 15. Unscrew output shaft nut.
Support output shaft from beneath and lift off brake
disc. Remove the output shaft assembly from the rear
casing.

= ‘ ‘ SPECIAL
= = TOOL

/ p—] '

—Y)

S22 ! |/

Figure 15.

20. Pry out oil seal (98, Figure 4) from the rear casing.
Remove outer taper bearing (99). Remove and
discard collapsibie spacer (100).

21. Using a suitable puller, remove output shaft inner
bearing (101).

22. Remove two capscrews (15, Figure 1) and remove
strainer (14). Discard strainer gasket (13).

Assembly

NOTE: After repair and replacement of parts, make sure
casings and parts have been thoroughly cleaned using
suitable solvents before starting assembly procedures.

When assembling, coat bearings with a good grade high
pressure grease. Replace all o-rings, seals and gaskets.

Remember that dirt in the transmission system will cause
damage to the transmission and its associated parts.

1. Install suction strainer (14, Figure 1), new gasket (13).
Apply Loctite #270 to capscrews (15) and tighten to
7 ib-ft. (10 Nm).

2. Remove the mainshaft end spacer (Figure.16).
Remove and discard the two o-rings. DO NOT install
new o-rings at this time. Install the spacer.

This is a preparatory step for setting the mainshatft
endfloat. Atalater time, it will be necessary to remove
the end spacer so the shims can be installed to correct
end float tolerances. If the o-rings are left on at this
stage, the seal prevents the spacer from being re-
moved. New o-rings are installed once the correct
mainshaft end float has been established.

FIgure 16.

3. Position flywheel housing (1, Figure 1) to front casing
(2). Install eleven screws (6) and tighten to a torque
of 42 |b-ft. (56 Nm).

4. Coat output shaft inner bearing (101, Figure 4) with
high pressure grease before installing. Install bearing
ontd output shaft. Install a new collapsible spacer
(100) over output shaft. Insert assembled output shaft
into rear casing.

5. Coat outer bearing (99) with high pressure grease
and install into rear casing. Coat oil seal (98) with
grease and install in rear casing. Be sure grease is
applied between the seal lips.

6. Install brake disc and NEW retaining nut. Tighten
retaining nut to achieve a rolling torque of 1.1 to 2.1
ib-ft. (1.5 to 2.8 Nm), inclusive of seal drag.

IMPORTANT: If this torque is accidentally exceedes the
output shaft must be disassembled and the collapsible
spacer replaced.

7. Stake retaining nut into the slot on the output shatt.




NOTE: To prevent damaging input shaft piston ring seals

Position transmission vertically, standing on face of
the flywheel housing. Coat piston ring seal and pump
end bearing with high pressure grease. Carefully
lower input clutch into front casing.

Assemble the rear casing to the front casing. Tighten
bolts (4, Figure 1) to torque of 42 Ib-ft. (56 Nm).

Assembling the case halves at this stage is a tempo-
rary arrangement to enable measurement of the input

- shaft end float.

(56, Figure 2), it is permissible to remove the seals prior to
assembling case halves. However, this is applicable only
while measuring input shaft end float. INSTALL THE
SEALS BEFORE FINAL ASSEMBLY. :

10. Position transmission horizontally and measure the
end float of the input clutch shaft (Figure 17), which
should be 0.001-0.003 inches (0.03 to 0.08 mm).
Rotate the shaft while measuring to fullyseat
bearings.

11,

Separate the two casing halves and add or subtract
shims (Figure 18) beneath the bearing outer race in
the rear casing to correct input clutch shaft end float.
Repeat steps 9 and 10 to recheck the end float.

When correct end float is obtained, remove the input
clutch and install piston ring seals removed in step 9.

NOTE: Production machines have the shims filled in the
front casing; however, when servicing the transmission, it
. is permissible to install shims in rear casing.
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Figure 18.

12. Install the input clutch and the mainshaft (F, Figure

19) simultaneously into the front case as shown.
Before fitting make sure that piston ring seals have
been lightly greased, and both the input clutch and
mainshaft taper roller bearings have been coated with

- high pressure grease.

Figure 19.
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13. This step requires the help of an assistant. Have the
assistant SLIGHTLY raise and ilt the input clutch and
mainshaft, while the assistant is holding the two units,
fit the reverse clutch (G, Figure 20).

1@ 5
iy

Figure 22,

16. Install three new o-rings (Figure 23) in the front case.

Smear the o-rings with grease to hold in position.
Figure 20.

14. Coat the layshaft taper roller bearing with clean oil
and fit the layshaft assembly (E, Figure 21),

The clutch assemblies should now be installed in front
case as shown in the photograph. Make sure that all
‘bearings are fully seated, and that the relevant gears
have meshed correctly.

Figure 23.

Figure 21.

156. Using two small screwdrivers (Figure 22) align the
friction/counter plates of the mainshaft clutch.




17. Apply a good grade liquid gasket in front case mating
face (Figure 24). Prior to fitting the rear (output) case,
make sure all bearings have been coated with high
pressure grease. Make sure all piston rings seals are
in good condition and have been coated with grease.

Figure 24.

NOTE: Do not apply an excessive amount of liquid gasket
around o-rings (see step 16); too much can dislodge the
o-rings.

18. Make sure the friction/counter plates in the mainshaft

clutch are aligned (see step 15).

Carefully lower rear (output) case into position, taking
care to align output gear splines with the mainshaft
clutch friction/counter plates. Apply Loctite 270 to
bolts and torque to 42 Ib-ft. (56 Nm).

19. Using a new gasket (125, Figure 5) install the layshaft
end cap (124) and shims (127), tighten retaining bolts
(123) a torque of 42 Ib-ft. (56 Nm). .

Fitting the layshaft end cap at this stage is a tempo-
rary arrangement to enable measurement of the lay-
shaft end float.

NOTE: Take care not to damage the gasket as it must be
used for final assembly. ,

20. Position the transmission horizontally. Unscrew
screws (6, Figure 1) and remove the flywheel housing

(1).

21. Measure layshaft end float, which should be 0.001 to
0.003 inches (0.03 to 0.08 mm). (See Figure 25).

See page 6110-27 for the correct end float checking
procedure.
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Figure 25,

NOTE: Turn the layshatft using the brake disc.

22. Remove the layshaft end cap (124, Figure 5) and add
or subtract shims (127) to give correct end float. Fit
shims between outer race and layshaft end cap (124).

Figure 26.

Install blanking plug (J, Figure 26).

23. Priorto final fitting of the layshaft end cap (124, Figure
5), fit a new o-ring (152) in the rear case. Coat the
o-ring with grease to hold in position.

24. Coat the layshaft outer bearing (128) with high
pressure grease. Install the layshaft endcap with its
new gasket. Apply Loctite 270 to bolts and tighten a
torque of 42 Ib-ft. (56 Nm).

Install brake mounting bracket removed in step 11
(Disassembly). Tighten mounting bolts to a torque of
63 Ib-ft. (85 Nm).
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25. Install mainshaft end float tool K (P/N 1001836) over  27. Add or subtract shims (119, Figure 4) to correct the

the mainshaft end bearing and spacer, as shown in end float. The shims must only be fitted between the
Figure 27. Tighten securing bolts to a torque of 42 Ib- bearing outer race (118) and spacer (120). When the
ft. (56 Nm.) ‘ correct end float has been established - INSTALL

NEW O-RINGS (121) ON SPACER.

NOTE: In step 2 the mainshaft end spacer was fitted |
without its o-rings so that it could be readily removed.

NOTE: Install the spacer with the extraction holes facing
towards you.

28. Unscrew reverse clutch cover bolts (94, Figure 3) and
remove cover.

29. Install special tool, P/N 1001833 (Figure 29) together
with a new gasket in place of reverse clutch covercap.
Tighten bolts to a torque of 42 Ib-ft. (56 Nm).

NOTE: Take care not to damage the gasket as it must be
used for final assembly.

Figure 27.

26. Measure mainshaft end float which shouid be 0.001
10 0.003 inches (0.03 to 0.08 mm).

See page 6110-27 for the correct end float checking
procedure.

NOTE: Turn the main shaft using the brake disc.

NOTE: The main shaft clutch must be engaged to carry out
this check. To engage the clutch, install airline adapter L,
as shown in Figure 28 and apply low pressure compressed
air.

Figure 29.

30. Measure reverse clutch shaft end float which should
be 0.001 to 0.003 inches (0.03 to 0.08 mm).

See page 6110-27 for the correct end float checking
procedure. :

NOTE: Turn the reverse clutch shaft using the input shaft.

31. Add or subtract shims to correct the end float. The
shims must only be fitted between the bearing outer
race (87) and spacer (91).

32. Coat the reverse clutch bearing (87) with high
pressure grease. Fit the reverse clutch end cover (93)
and gasket (92). Apply Loctite #270 to bolts (94) and
tighten to a torque of 42 Ib-ft. (56 Nm).

Figure 28.




33. Make sure all bearings have been lubricated with high
pressure grease. Apply a good grade of liquid gasket
to mating face of flywheel housing. Install the flywheel
housing. Apply Loctite #270 to screws (6, Figure 1)
and tighten to a torque of 42 Ib-ft. (56 Nm). Install a
new pump sealing ring (61, Figure 2).

34. Assemble pump (if disassembled). Install pump
taking care to align mounting holes. Apply Loctite
#270 to bolts (A, Figure 30) and, using a new sealing

. washers, tighten to a torque of 21 Ib-ft.(28 Nm).’

Figure 30.

35. Install torque converter relief valve ball (11, Figure 1)
and spring (10). Make sure that the larger diameter of
the spring is located securely over the spigot on the
plug. Use a new sealing washer (8) then install and
tighten plug (9).

36. Using a new gasket, fit the solenoid adapter block to
the casing (Figure 31). Apply Loctite #270 to bolts (D)
and tighten to torque of 21 Ib-ft. (28 Nm).

37. Assemble pressure maintenance valve spool and
spring into adapter block (Figure 31). Fit and tighten
plug. Do not over-tighten as damage to the aluminum
housing could result.

38. Mount the input (forward) high/low clutch solenoid
(Figure 32) onto adapter block. Install capscrews (B)
and tighten to a torque of 4 Ib-ft. (5 Nm).

Fit seal caps over capscrews (B).

NOTE: The mounting holes will only align when the
solenoid valve has been positioned correctly on the
adapter block. '
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|
 SOLENOID PRESSURE
ADAPTER MAINTENANCE
VALVE

~BLOCK

39. Mount the mainshaftlayshaft clutch solenoid valve
onto adapter block. Install capscrews (B) and tighten
to a torque of 4 Ib-ft. (5 Nm).

Fit sealing caps over capscrew (B).

40. Mountthe reverse high/low clutch solenoid valve onto
adapter block. Fit capscrews (B), and tighten to a
torque of 4 Ib-ft. (5 Nm).

Fit sealing caps over capscews (B).

NOTE: The mounting holes will bnly align when the
solenoid valve has been positioned correctly on the
adapter block.

41. Coat seal of new filter (17, Figure 1) with oil and install
hand tight only. Fit the drain plug (30) with a new
sealing washer (31), tighten to a torque of 150 Ib-f.
(203 Nm). Install a new sealing washer (8) to mainiine
pressure test adapter (7A).
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INPUT CLUTCH

Disassembly (See Figure 2)
1. Carefully remove piston ring seals (56, Figure 2).

NOTE: if piston ring seals are excessively worn then check
for burrs or damage on shaft grooves. If necessary, remove
burrs with a fine grade abrasive paper and oil.

2. Loosen the high clutch end bearing by tapping the
assembly on a piece of aluminum as shown in Figure
33.

NOTE: If aluminum is not available then tap the assembly
on wood, but make sure that the oil feed holes do not
become blocked.

Figure 33.

3. Remove bearing (55, Figure 2), one thick thrust
washer (54), one thrust washer bearing (49) and one
thin thrust washer (50).

4. Remove the high gear/clutch housing (51) with the
needie roller bearing (53).

5. Remove one thin washer (50), one thrust bearing (49)
and one thick thrust washer (48).

6. Remove circlip (46). Remove pressure (end) plate
(43). Remove the clutch friction/counter plates (44
and 45). Keep them together in sets. DO NOT mix the
plates with those from other clutches.

7. Remove pressure (end) plate (57). Remove disc
spring assembly (42). The disc spring is assembled
within a liner to protect the hub support spline.

8.

10.

Position clutch assembly in press to compress piston
spring (39) and remove circlip (41). See Figure 34.
Lift off spring retaining plate (40, Figure 2).

Figure 34.

Knock the clutch shaft on a piece of aluminum (or
wood) to remove the piston (See Figure 35). If the
piston does not loosen when the clutch shaft is
knocked on aluminum, then hand pump air down the
shatft oil inlet hole.

Figure 35.

Remove piston assembly (35, Figure 2). Remove and
discard piston o-rings (34). Make sure the piston liner
(37) is secure. The liner must be a tight fit on the
piston.




11.  Loosen the low clutch end bearing (53) by tapping the
assembly on a piece of aluminum. See Figure 36.
Remove bearing using pullers.

ATL
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Figure 36.

12. Repeat step 3 through 11 to disassembly the input
low clutch assembly.

. Assembly (See Figure 2)

1. Install new o-rings (34 and 36, Figure 2) onto piston

and shatft (35), lubricate with oil then press piston fully

into bore of clutch housing (33).

2. Install the oil baffle (38) and piston spring (39). Make

sure that oil baffle (38) seats on piston (35).
Install spring retainer plate (40).

Compress spring (39) and secure with circiip (41).
See Figure 37.

COMPRESSION

Figure 37.
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3. Install disc spring assembly (40, Figure 2). Install the
assembly so that the outer diameter curves away
from the clutch piston.

NOTE: The disc spring is assembled with a liner to protect
the hub support spline.

4. |Install pressure (end) end plate (57). Make sure that
the prongs on the pressure plate DO NOT locate in
the large grooves in the hub (the ones with drilled
holes).

First, fit one friction plate (44) followed by one steel
counter plate (45). .

Continue fitting alternate friction and steel counter
plates, finishing with a friction plate.

5. Install pressure (end) plate (43). Make sure that the
prongs on the pressure plate DO NOT locate in the
large grooves in the hub (the ones with drilled holes).
Install circlip (46).

6. Using a dial test indicator as shown in Figure 38,
measure the end float of the pressure (end) plate,
* which should be 0.075 to 0.126 inches (1.90 to 3.20
mm). If necessary, fit shims (47, Figure 2) between
the retaining circlip (46) and pressure (end) plate (43)

to correct end float inaccuracies.

NOTE: Later type shim has teeth on the outside diameter:
the teeth inhibit it from spinning during operation. If the
shim removed from the clutch does not have teeth, then
discard it and use the new type shim.

Figure 38.

7. Install one thick washer (48, Figure 2), one thrust
bearing (49) followed by one thin thrust washer (50).

8. Install High Gear/Clutch Housing (51).
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9. Install needle roller bearing (53). Install one thin thrust
washer (50), one thrust bearing (49) followed by one
thick thrust washer (54). ‘

10. Coat the high clutch end bearing (55) with high
pressure grade grease and press bearing (55) onto
shaft. .

11. Install piston ring seals (56).

NOTE: If the piston ring seals are the polytetraflouroethene
(PTFE) type, then see page 6110-26 for correct fitting
procedure.

12. Repeat steps 1 through 11 for the opposite clutch,
make sure that the low clutch and taper roller bearing
are coated with grease. Fit the bearing using a hollow
tube as shown in Figure 39 and then fit the piston ring
seal.

Figure 39.

HOLLOW
TUBE
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REVERSE CLUTCH

Disassembly (See Figure 3)
1. Carefully remove piston ring seals (88, Figure 3).

NOTE: If the piston ring seals are excessively worn then
check for burrs or damage on shaft grooves. If necessary,
remove burrs with a fine grade abrasion paper and oil.

2. Loosen the high clutch end bearing by tapping the
assembly on a piece of aluminum as shown in Figure
40.

'NOTE: If aluminum is not available, then tap the assembly
on wood, but make sure that the oil feed holes do not
become blocked.

Figure 40.

3. Remove bearing (87, Figure 3), one thick thrust
washer (80), one thrust bearing (81) and one thin
thrust washer (82).

4. Withdraw the high gear/clutch housing (83), with the
needle roller bearing (85).

5. Remove one thin thrust washer (82), one thrust
bearing (81) and one thick thrust washer (80).

6. Remove circlip (78).
Remove pressure (end) plate (75).

Remove the clutch friction/counter plates (76 and 77).
Keep them together in sets, DO NOT mix the plates
with those from other clutches.

7. Remove pressure (end) plate (89). Remove the disc
spring assembly (74). The disc spring is assembled
within a liner to protect the hub support spline.

8. Position clutch assembly in press to compress piston
spring then remove circlip (73). See Figure 41.

Lift off spring retaining plate (72).
Remove spring (71) and oil baffle plate (70). |

COMPRESSION
TOOL

Figure 41,

9. Knock the clutch shaft on a piece of aluminum (or

wood) to remove the piston (See Figure 40). If the
piston does not loosen when the clutch shaft’ is
knocked on aluminum, then hand pump air down the
shatt oil inlet hole.

10. Remove piston assembly (67). Remove and discard
piston o-ring (68) and shaft o-rings (66). Make sure
the piston liner (69) is secure. The liner must be a tight
fit on the piston.
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11.

12

Loosen the low clutch end bearing (87) by tapping the
assembly on a piece of aluminum. Remove bearing
using pullers.

Repeat step 3 fhrough 11 to disassemble the input
low clutch assembly.

Assembly (See Figure 3)

1.

2.

3.

Install new o-rings (66 and 68, Figure 3) onto piston
and shaft (67), lubricate with oil, then press piston fully
into bore of clutch housing (65).

Instali the oil baffle (70) and piston spring (71). Make
sure that oil baffle (70) seats on piston (67).

Install spring retaine‘r plate (40).

Compress spring (71) and secure with circlip (73).
See Figure 42.

COMPRESSION

Figure 42.

Install disc spring assembly (74, Figure 3). install the
assembly so that the outer diameter curves away
from the clutch piston..

NOTE: The disc spring is assembled with a liner to protect
the hub support spline.

4,

Install pressure (end) end plate (89). Make sure that
the prongs on the pressure plate DO NOT locate in
the large grooves in the hub (the ones with drilled
holes).

First, fit one friction plate (76) followed by one steel
counter plate (77).

Continue fitting alternate friction and steel counter
plates, finishing with a friction plate.

Install pressure (end) plate (75). Make sure that the
prongs on the pressure plate DO NOT locate in the
large grooves in the hub (the ones with drilled holes).
Install circlip (78).

Using a dial test indicator as shown in Figure 43,
measure the end float of the pressure (end) plate,
which should be 0.075 to 0.126 inches (1.90 to 3.20
mm). If necessary, fit shims (79, Figure 2) between
the retaining circlip (78) and pressure (end) plate (75)
to correct end float inaccuracies.

NOTE: Later type shim has teeth on the outside diameter;
the teeth inhibit it from spinning during operation. If the
shim removed from the clutch does not have teeth, then
discard it and use the new type shim.

10.

11.

Figure 43.

Install one thick thrust washer (80), one thrust bearing
(81) followed by one thin thrust washer (82).

Install high gear clutch housing (83).

Install needle roller bearing (85). Install one thin thrust
washer (82), one thrust bearing (81) followed by one
thick thrust washer (80).

Coat the high clutch end bearing (87) with high
pressure grade grease and press bearing (87) onto
shatt.

Install piston ring seals (88).

NOTE: If the piston ring seals are the polytetraflouroethene
(PTFE) type, then see page 6110-26 for correct fitting
procedure.

12,

Repeat steps 1 through 11 for the opposite clutch,
make sure that the low clutch and taper roller bearing
are coated with grease.
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MAINSHAFT

Disassembly (See Figure 4)
1. Carefully remove piston ring seals (117, Figure 5).

NOTE: if piston ring seals are excessively worn then check
for burrs or damage on shaft grooves. If necessary, remove
burrs with a fine grade abrasive paper and oil.

2. Remove taper roller bearing (118) using collet tool
and press as shown in Figure 44,

NOTE: This bearing would not normally be removed
uniess it was damaged. If the collet tool shown is not
available, then it is permissible to use a standard bearing
puller, although damage to the bearing cage may result.

3. Remove internal circlip (104, Figure 4). Remove
pressure (end) plate (105). Remove the clutch
friction/counter plates (106 and 107). Keep them
together in sets, DO NOT mix the plates with those
from other clutches. Remove pressure (end) plate
(105).

4. Remove taper roller bearing (103) using a suitable
puller.

5. Position clutch on press and compress piston spring
(110). Remove circlip (108). See Figure 45.

Figure 45.

6. Remove spring retaining plate (109, Figure 4).
- Remove spring (110). Remove oil baffle (111).

7.  Knock the clutch on a piece of aluminum (or wood) to
remove the piston. See Figure 46.

NOTE: If the piston does not loosen when the clutch is
knocked on aluminum, then hand pump air down the shaft
oil inlet hole. '

Figure 46.

8. Remove piston (113). Remove and discard o-ring
(115) and o-ring (114).

NOTE: Make sure the piston is secure. The liner must be
a tight fit on the piston.
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Assenﬁbly (See Figure 4)

1.

Fit new o-rings (114 and 115, Figure 4) ontothe piston
and shaft, lubricate with oil then press piston (113)
fully onto mainshaft gear (116).

Install oil baffle (111). Make sure that the oil baffle
(111) seats on piston (113). Install piston spring (110).
Install spring retaining piate (109).

Using a press, compress piston spring (110) and
install circlip (108). See Figure 47. Also, use the press
to fit taper roller bearing (103).

COMPRESSION
TOOL '

Figure 47.

Install pressure (end) plate (105, Figure 4). Make sure
that the prongs on the pressure plate DO NOT locate
in the large grooves in the hub (the ones with drilled
holes).

First, install one friction plate (106) followed by one
steel outer plate (107).

Continue fitting altemnate friction and plain steel
plates, finishing with a friction plate. Install pressure
plate (105). Make sure that the prongs on the pres-
sure plate DO NOT locate in the large grooves in the
hub (the ones with drilled holes). Install circlip (104).

5. Using adial indicator as shown in Figure 48, measure
the end float of the pressure (end) plate, which should
be 0.087 to 0.138 inches (2.2 to 3.5 mm). If
necessary, install shim (122) between circlip (104)
and pressure (end) plate (105) to correct end float
inaccuracies.

' NOTE: Later type shim has teeth on the outside diameter;

the teeth inhibit shim spinning during operation. If the shim
removed does not have teeth, then discard it and use the
new type shim.

Figure 48.

6. Usingapress, install a new taperbearing (118, Figure
4). Install piston tin seals (117).

NOTE: If the piston ring seals are polytetrafiuoroethene
(PTFE) type then see page 6110-26 for the correct fitting
procedure. '
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LAYSHAFT

Disassembly (See Figure 5)
1. Carefully remove piston ring seals (126, Figure 6).

NOTE: If the piston ring seals are excessively worn, then
check for burrs or damage on shaft grooves. If necessary,
remove burrs with a fine grade abrasion paper and oil.

2. Remove taper roiler beanng (128) using a collet tool
and press as shown in Figure 49).

- NOTE: This bearing would not normally be removed
unless it was damaged. If the collet tool shown is not
available, then it is permissible to use standard bearing
pullers to remove it. Although, damage to the bearing cage
may result.

Figure 49.

3. Use a suitable puller to remove both spacer (150,
Figure 5) and taper roller bearing (151).

4. Lift off full clutch assembly.
5. Remove oil baffle plate (138) and spring (137).

Remove and discard two o-rings (147 and 148) lo-
cated on the layshaft (129).

Remove spring retaining plate (136).
6. Remove external circlip (135).

Remove gear and splined hub (132) together with one
thick thrust washer (134), one bearing (130) and one
thin thrust washer (131).

" Remove two needle bearings (133) and bearing
(130).

7. Remove retaining circlip (139).
Remove two pressure (end) plates (141).

Remove friction/counter plates (142 and 143) to-
getherin sets. DO NOT mix the plates with those from
other clutches.

8. Remove piston and discard o-ring (148).

NOTE: Make sure the piston liner is secure. The liner (145)
must be a tight fit on the piston.

Assembly (See Figure 5)

1. Install a new o-ring (148, Figure 5) onto piston (144).
Lubricate with oil then press piston (144) fully into
. bore of hub (149). : .

2. Install pressure plate (141). Make sure that the
prongs on the pressure plate DO NOT locate in the
large grooves in the hub (the ones with drilled holes).

| Furét, install one friction plate (142) followed by one
steel counter plate (143).

Continue installing alternate friction and plain steel
plates finishing with a friction plate. Install two pres-
.sure (end) plates (141). Make sure the prongs on the
pressure plate DO NOT locate in the large grooves in
the hub (the ones with drilied holes). Install retaining
circlip (139).

3. Using a dial test indicator as shown in Figure 50,
measure the end float of the pressure (end) plate,
which should be 0.075 to 0.126 inches (1.90 to 3.20
mm). If necessary, instali shim (140) to correct the
end float between retaining circlip (139) and pressure
plate (141).

NOTE: Later type shim has teeth on the outside diameter;
the teeth inhibit shim spinning during operation. If the shim
removed does not have teeth, then discard it and use the
new type shim.
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4.

Figure 50.

Install bearing (130) and two needle roller beéring
(133) onto layshaft (129).

Install gear (132) onto layshaft 129). Install one thin
thrust washer (131), one bearing (130) followed by
one thick thrust washer (134). Install external circlip
(135). ‘

Install spring retaining plate (136). Install two new
o-rings (147 and 148) to layshaft (129).

Position the clutch housing (149) on the layshaft (129)
splined hub to align the clutch friction/counter plates
(142 and 143).

Wedge the plates together by inserting two blunt tools
(small rounded screwdrivers) through the bottom
holes at the side of the clutch housing as shown in
Figure 51.

Remove the wedged clutch housing (149).

8. Install spring (137) and oil baffle (138). Install wedged
clutch housing (149). ‘

9. Position spacer (150) on layshaft gear (129).

Position taper roller bearing (151) on top of spacer
(150). Press taper roller bearing (151) and spacer
(150) using a bench press.

When the taper roller bearings and the spacer have
been fully installed on the layshaft, remove the two
blunt tools (small rounded screwdrivers) used to
wedge the clutch plates. Finally, rotate the gear to
make sure that the clutch has been correctly installed.

10. Using a press, install a new taper roller bearing (128).
Install piston ring seals (126). '

NOTE: If the piston ring seals are polytetrafluoroethene
(PTFE) type then see page 6110-26 for the correct fitting
procedure.
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POLYTETRAFLUOROETHENE (PTFE) PISTON RING SEALS INSTALLATION

1. Wind the PTFE piston ring around your finger as 2. Coat the seal with grease and install the seal to the
shown in Figure 52 so that the seal forms a "coil." shaft (Figure 53). '

Make sure that the seal sits below or flush with the
outer diameter of the shaft. If necessary, use finger
pressure as shown to make the seal flush with the
shaft. :

IMPORTANT: If the seal is not set below or flush with the
outer diameter of the shaft, then the seal will "cut* when
the shatft is fitted to its mating component.

Figure 52.

Figure 53.
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END FLAT CHECKING PROCEDURE .
NOTE: Special tools are required to check the float 3. Rotate the torque handle E as shown in Figure 5?.
A kit is available under P/N 1001837. Make sure that the torque direction arrow is now
o pointing up. Lift the handle applying the torque of 22
1. Install bar A as shown in Figure 55. Install the Ib-ft. (30 Nm). Turn the shaft being checked to seat
adapters B, C and D as necessary. the bearings.
NOTE: Adapter B and D are similar; adapter B with the Maintaining the upward pressure, note the dial test
long thread is used for the layshaft; adapter D is used for indicator reading.

the reverse shaft.

Set up the dial test indicator.

Figure 57.

Figure 55.

2. Install the torque handle E as shown in Figure 56.
Make sure that the torque direction armow is pointing
down, push down on the handle applying the torque
of 22 Ib-ft. (30 Nm). Turn the shaft being checked to
seat the bearings.

Maintaining the downward pressure, zero the dial test
indicator.

Figure 56.
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SPECIAL TOOL

These tools must be used to service the Powershift transmission.

1. P/N 1001833 End Float Setting Tool

3. P/N 1001834 Reverse Clutch End Float Setting Tool

4. P/N 1001835 Flange Spanner -
For locking pinion flange while
pinion nut is loosened or,
tightened.

S 4

5. P/N 1001836 - Mainshaft End Float Setting Tool

P/N 1001837- EndFloat
Checking Kit (includes
items 2 thru 7)
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SERVICING THE DRIVE SHAFT

Removal

1. Remove nuts and bolts from flange yoke on parking
brake.

2. Remove U-bolts or end bolt flange from the
companion yoke on the axle differential. Remove
drive shaft.

Disassembly

1. Put the flange yoke in a vise. With a pliers,
remove the two snap rings from the bearing
caps on the flange.yoke.

2. Apply force on the drive shaft in the direction of
the bearings to push the bearings out of the
flange yoke. When both bearings are removed,
tilt the journal cross to permit removal of the
universal joint.

3. Disassemble the journal crosses from the drive -

shaft in the same way. After the snap rings are
removed, use a soft drift with a flat face slightly

A = Yoke ends assembled
in the same plane (horizontal)

smaller than the diameter of the bearing to

remove the bearings.

4. Todisassemble the yoke sleeve from the shaft,
. turn the dust cap in a counterclockwise
direction. When the dust cap is free, pull the
shaft, dust cap and washers from the yoke
sleeve.

Inspection

Clean all parts in a solvent that is not flammabile.
Remove all rough areas from any finished surfaces.
Make sure the bearing surfaces on the journal
crosses are smooth. Do not disassemble the needle
bearings. Clean with a brush and compressed air.
Apply a small quantity of SAE 140 oil into each
bearing cap and rotate the bearing on the trunnion to
check for wear. If there is any indication of wear or
damage to the needle bearing, bearing cap or journal
crosses, replace the journal and bearings as an
assembly. Repair kits are available. See Parts
Catalog.

7 s
6
0y - -

1. U-Bolt (Rockwell Axle)
2. Shaft

3. Dust Cup

4. Steel Washer

5. Cork Washer

6. Yoke Sleeve

7. Grease Fitting

8. Bearing and Journal Kit
9. Flange Yoke

10. End Flange (Hurth Axle)
11. Bolt (4) - Hurth Axle

Figure 1. Drive Shaft (Transmission to Axie)
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Check for damage to the splines of the slip joint.
Make sure the splines are clean and smooth. Look
for damage or distortion of the tube. Damage can
cause failure of the drive shaft under high torque
loads. The drive shaft must be straight to prevent
vibration during operation. Replace the drive shaft if
there is damage.

Assembly

1. If new journal and bearing kits are not being
installed, install new seals in the journal
retainers.

2. Install the journal cross into the yoke of the
yoke sleeve. The relief must be towards flange
yoke.

3. Apply a small amount of SAE 140 oil to
trunnions on journal cross. Press the bearing
and cap assemblies into place. Use care not to
cause damage to bearings or caps. Install snap
rings. Make sure the snap rings are fully
engaged in the groove.

4. Repeat the procedure on the opposite end of

the drive shaft.

5. Repeat the procedure to install the flange yoke
to the drive shaft.

6. Apply SAE 140 oil to splines on the shaft and
sleeve. Assemble the dust cap, steel washer
and cork washer on the shaft. Assemble the
shaft into the sleeve. Make sure both ends of
the drive shaft are in the same plane as shown
in Figure 1. Tighten the dust cap.

Installation

1. Install the drive shaft on the machine. Fasten the
flange yoke to the companion flange on the parking
brake with nuts and bolts. Fasten the other end of the
drive shaft to the differential with U-bolts, washers
and nuts, or end flange bolts.

Apply grease to the slip joint and journal
crosses until each joint is filled. it will be

6122-3

‘necessary to close the hole in the end plug on
the slip joint to get full lubrication of the joint.
Grease will show through the seal when the
" joint is full.

3. Check the drive shaft for correct balance before
the machine is put into operation. Lower the
outriggers to lift the wheels off the ground.
Operate the drive train and check for vibration.
If vibration is indicated, stop the machine and
check the drive shaft again. Make sure the yoke
ends are in the same plane.

Lubrication Procedure

The drive shaft is an important part of the drive train
and needs regular maintenance. There is a grease
fitting on the slip joint and on each journal cross.
Apply grease to these fittings every week or 50
hours. Use E.P. No. 2 bearing grease. Always apply

. enough grease to remove the old grease. On the slip

joint, apply grease to the fitting until the grease
comes through the hole in the end of the shaft. Put
your finger over the hole and continue to apply
grease until the grease shows at the seal on the slip
joint.

Figure 2. Lubrication of Drive Shaft

At each lubrication, check the drive shaft for side
movement. As the wear in the bearings increases,
the side movement will increase. Movement must be
minimum to prevent vibration during operation.
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MAINTENANCE

Differential

Keep the oil at the level of the piug on the rear of the
housing. For oil recommendation, see Section 1050.
Change the oil every 8 months or 1500 hours of
operation. Look for particles of metal in the oil which
give indication of broken gears or parts with damage.
Remove and clean the breather. Use a solvent that is
not flammable.

Install the breather. Clean and install the magnetic
plug. Fill the differential housing with new oil to the
level of the plu_g_on the rear of the housing.

Cold Weather Lubricant Recommendations
MINIMUM MAXIMUM
Hatco|@1 -70°j (-58°C)| +30° F(0° C)
Conoco Polar{~60° F (—~50° C)| +40° F (5° C)
Start DN-600 | - _

The above lubricants must not be used when outside
temperatures are above the maximum range.

Wheel Bearings
Pack wheel bearings with a good quality of wheel

bearing grease every 6 months or 1500 hours of
operation.

DESCRIPTION AND TROUBLESHOOTING

General

The drive axle has a NoSPIN differential. A differential is
necessary in an axle to prevent damage to the tires when

the machine is turning a corner. During a turn, the outside-

wheel must turn faster to move a greater distance than the
inside wheel. The NoSPIN differential gives positive drive
to both wheels over all surfaces. The clutches in the
NoSPIN will let one wheel rotate faster than the ring gear
(when making a turn), but will never let either wheel turn
slower than the ring gear.

Troubleshooting — NoSPIN

It is important to remember that the performance of the
NoSPIN will be different than a standard differential. For
‘example:

1. During a turn, the clutch for the outside wheel
disengages automatically to let the wheel
rotate freely when necessary. A sound can be
heard in the differential when the clutch
engages and disengages. This sound is normal.

2. During straight travel, you will hear a regular
click in the differential if the radius of the two
tires is not equal. This radius is the radius of the
tire under load and is measured from the
ground to the center of the tire. It is important
that both tires are the same size and have equal
pressures.

3. If there is a heavy load on one side of the

machine, the machine will pull to that side

- during travel. The heavy load changes the
radius of the tire.

4. If too much power is applied during a turn, the

differential will have a possible effect on
steering. Decreasing the engine speed will
decrease the torque to the wheels and make
steering easier.

5. The NoSPIN will have more backlash or free
movement than a standard differential. This
movement is necessry to permit the clutches to
engage and disengage automatically during a
turn. The amount of backlash in the NoSPIN
normally does not increase with use. There will
be an increase in the total backlash in the drive
train as the wear in the components increases.
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6. During a turn, it is normal to hear a loud noise in
the differential if you rapidly increase, then
decrease the engine speed. This .noise is

caused when the torque changes between

driving torque to the inside wheel and braking
torque to the outside wheel.

7. During a turn on loose ground or other
conditions of bad traction, there can be loss of
torque to both wheels for a short time. This
condition occurs when the clutch for the
outside wheel is disengaged and full torque is
applied to the inside wheel. The inside wheel
will turn, but movement of the machine will
stop until the ciutch for the outside wheel
engages.

To check the performance of the differenfial:

1. On a concrete surface, move the machine
several times around a circle with the steering
wheels turned at the maximum angle.

2. Check the drive wheels while the turn is being
made. The outside wheel must rotate faster
than the inside wheel. There must be no loss of
traction to the inside wheel.

Cams on Side of Center Cam Member -
engage Mating Cams on Driven Clutch
members and Serve as Ramps to Disengage
the driven Clutch Members During Turns.

Splined Side
Member Fits
on Axle Shafts

‘Spring Retainer

Spring Holds Driven Clutch
Member Against Spider

3. Turn thé machine in the opposite direction and
check the drive wheels again. If there is no
differential action, or if there is slippage in the
wheels, repair or replacement of the differential
i’ necessary. -

If noise in the differential during straight travel is the
problem, check the radius of the drive wheels. Use
the following procedure:

1.  Put a mark with chalk on both wheels in the
same location.

2. Move the machine a short distance in a straight
line. If the radius of the two tires is not equal,
the marks on the two wheels will be in a
different location.

3. Adjust the pressures in the two tires and repeat

the check until the marks are in the same
. location when the machine is stopped.

Before you remove the differential, make a final
check to see if the problem is in the differential. Two
persons are needed for the check.

Splined Side Member
Fits Axie Shaft

Driven Clutch
Member

Snap Ring Holds Floating
Center Cam Member In Correct
Relation to Spider

Clutch Teeth on Driven Clutch Member
Engage Clutch Teeth on Sides of Spldpr

Figure 1. NoSPIN Differential




1. Lower the outriggers and lift the wheels off the
ground. Stop the engine.

2. Disengage the park brake and put the
transmission in “Neutral” position.

3.
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While one person holds the left wheel, rotate
the right wheel forward. Now hold the right
wheel and turn the left wheel forward. Repeat
this procedure for each wheel in the reverse
direction. If the differential is working correctly,
you will hear a regular series of clicks while
each wheel is being rotated. If the wheels do
not turn smoothly and easily, remove and make
an inspection of the differential.

SERVICING THE DIFFERENTIAL

Removal

1. Remove the drain plug from the axle housing to
remove the lubricant. ‘

NOTE: Before the differential carrier can be removed,
the axle shafts must be pulled from the differential
side gears.

2. Pull the axie shafts from the differential side
gears. See disassembly instructions for axie
hubs.

3. Disconnect the drive shaft from the differential
pinion flange. See removal instruction for drive
shafts.

4.  Loosen two top bolts which fasten the carrier to
the axle housing. Remove the remainder of the
bolts and washers.

5. Loosen differential carrier from axle housing
with a block of wood and a hammer.

6. Put a roller jack under the éarrier and remove

the two top bolts and washers. Carefully,

remove the carrier from the axle houslpg.
Disassembly
1. Put the differential carrier in a holding fixture.
Remove Differential and Gear Assembly:
NOTE: If inspeétion indicates that the bevel piﬁion
(24) is not to be replaced, measure the bevei gear

clearance and make a record of the clearance. See
Figure 2,

_ -, TYPICAL DIAL INDICATOR
g 3. POSITION FOR CHECKING
CLEARANCE

Figure 2. Checking Clearance

Use a hammer and center punch to put a mark
on one differential case half (10 or 14) and the
bearing cap (3).

Loosen bolts (1) on bearing caps (3). Remove
the bearing caps and adjusting rings (7, 17).

Lift differential and gear assembly out of the
differential carrier (39). :

Disassembie Differential Case and Gear Assembly:

5.

If the identification marks on the differential
case are not clear, put new marks on the
differential case halves with a punch or chisel
for correct alignment at assembly.

Remove bolts (6) and separate the case haives
(10, 14).

Remove differential assembly (13).
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Figure 3. Axle Differential

. Bolt

. Washer

. Bearing cap

. Cotter pin

. Washer

. Bolt (quantity of 4)

. Adjusting ring

. Bearing cup

. Bearing cone

. Case half for differential
. Bevel gear

. Rivet

. Differential Assembly
. Case half for differential
. Bearing cone

. Bearing cup

. Adjusting ring

. Washer

. Bolt (quantity of 18)
. Shims (as needed)

. Retainer

. Thrust washer

. Radial bearing

. Drive pinion

. Bearing cone (inner)
. Bearing cup (inner)
. Shim

. Bearing cage

. Washer

. Bolt (quantity of 8)
. Nut

. Washer

. Companion yoke

. Ol slinger

. Ol seal

. Bearing cone (outer)
. Bearing cup (outer)
. Plug

. Ditferential carrier




8. If necessary, remove rivets (12) and separate the
bevel gear (11) and case half (1 0). To remove the
rivets, use a center punch to put a mark on
rivets in center of head. Then use a drill 1/32 in.
smaller than body of rivet to drill through head.

9. . If necessary to replace differential bearings,
remove the bearing cones (9, 15) with a bearing
puller.

Remove Pinion and Cage Assembly:

10. Hold companion flange (33) and remove nut and
washer (31, 32).

11. Use a gear puller to remove the companion
flange (33).

12. Remove bolts (30) from bearing cage.

13. Remove oil slinger (34).

14. Remove bearing cage (28).

IMPORTANT: Use bolts in puller holes to loosen the
bearing cage from the differential carrier. The use of
a pry bar will cause damage to the shims. Hitting the
drive pinion from inner end can cause damage to the

lock ring groove on the bearing.

15. Keep the shims (14) together to get correct
adjustment at assembly.

Disassemble Pinion and Cage Assembly:

"16. Hit the drive pinion (24) out of bearing cage with
soft hammer.

17. Remove oil seal (35) from béaring cage (28).
18. Remove outer bearing (36) from cage.

| 19, Remoye shim (27) from bevel pinion.
20. If necessary to replace rear bearing cone (25),

pull the bearing off the drive pinion. Use a
bearing puller.
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21. Remove retainer (21) and thrust washer (22).
Press the radial bearing (23) off the drive pinion.

Inspection

Clean all parts thoroughly. Use a solvent that is not
flammable. See Section 1055,

Make a careful inspection of ali bearings, cups and
cones, inciuding those not removed from the drive
unit. Replace bearings if rollers or cups are worn or
show an indigation of damage or distortion.

Replace all parts which have damage. Also replace
any bolts with round corners, all lock washers, oil
seals and gaskets at the time of assembly.

Clean all finished surfaces thoroughly and make
sure these surfaces are smooth. Threads of bolts,
nuts, etc. must be clean and in good condition to get
accurate adjustment and correct torque.

When you assemble the parts, use a press where
possible. Tighten all nuts to the specified torque,
Section 1051,

Assembly
Assemblie Pinion and Cage Aséombly:

1. If new bearing cups (26, 37) are being installed,
press the cups tight against shoulders in
bearing cage (28).

2. Apply light machine oil to bearing and cups.
Press inner bearing cone (25) and radial bearing
(23) firmly against the pinion shoulders. Use a
sleeve that will fit on the inner race of the
bearing. See Figure 4.

3. Install the thrust washer (22) and retainer (24) on
drive pinion. '

4. Put the assembled drive pinion into the bearing
cage (28). Install the shim (27) on the drive
pinion next to the bearing cone.
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INNER‘ 7

- BEARING

Figure 4. Assembly of Drive Pinion

5. Press outer bearing cone (36) tight against the
shim, :

6. Rotate cage several times to get normal bearing
contact.

7. While in press under pressure (12,000 Ibs [5 440
kg]), check bearing preload. Wind a soft wire
around cage and pull on horizontal line with
pound scale. If a press is not available, instail
the companion flange and nut (31). The nut can
be tightened to 300-400 Ib-ft (406-542 Nm) and
preload checked. Use rotating torque, not
starting torque.

If rotating torque is not within 5 to 15 pound-
inches (.57-1.69 Nm), use thinner spacer to
increase or thicker spacer to decrease preload.

Example: If the diameter of the pinion cage is 6
inches, the radius is 3 inches. With § pounds
pull you will have 15 pound-inches of preload
torque.

8. Install companion flange, washer and nut
(items 31-33) on the drive pinion.

BEARING {»
SCALE cCcAGE

Figure 5. Checking Preload of Pinion

9. Install pinion and cage assembly in differential
carrier. Tighten nut on pinion shaft to 300-400
Ib-ft (406-542 Nm).

10. Check the preload torque on the pinion
bearings again. If rotating torque is not within §
to 15 pound-inches (.57-1.69 Nm), repeat the
above procedure.

11. Remove nut and companion flange from drive
pinion.

12. Apply oil to the lips of the oil seal (35). Apply a
- non-hardening sealing compound to outer edge
of the oil seal. Press sea! against shoulder

- inside the bearing cage. Use a seal driver.

13. Install oil slinger. Install companion flange,
washer and nut,

14. Tighten nut to a torque of 300-400 Ib-ft (406-542
Nm). Install cotter pin.

15. Install correct shim pack (20).

16. Install pinion and cage assembly into the
differential carrier. Install bolts (30) and tighten
to a torque of 50-65 Ib-ft (68-88 Nm).

Assemble and Install Differential and Beve! Gear:

17. If bevel gear (11) was removed in disassembly,

assemble the gear to the differential case
(flange half). Install new rivets.




18.

19.

20.

21.

22,

23.

24,

25,

26.

27.

28.

Apply EP 80-90 gear lubricant to inside surface
of differential case and to all component parts
of the differential assembly.

Pdt the differential (13) in bevel gear and case
half assembly.

Align punch marks, and put the case halves
together. Pull the assembly together with four
bolts installed at equal spaces around the case.

Check the assembly for free rotation of the
differential gears. Disassemble and correct if
necessary. '

Install the remainder of the bolts. Tighten the
bolts to a torque of 90-120 Ib-ft (122-163 Nm),

If bearings were removed, press new bearings
on differential case halves.

Instail the bearing cups (8, 16), adjusting rings

(7, 17) and bearing caps (3). Tighten the bolts on
the bearing caps to a torque of 160-190 Ib-ft
(217-257 Nm).

By hand, push the bearing cups (8, 16) into the
bores. If the cups can not be pushed in by hand,
use a scraper or emery cloth to clean the bores.

When the cups fit correctly, remove the bearing
caps.

Apply EP 80-80 gear lubricant to bearing cups
and cones. Put the bearing cups over the
assembled differential bearing cones, then
install the differential assembly in the carrier.

Install bearing adjusting rings (7, 17) again and
turn hand tight against bearing cups.

install bearing 6aps (3) again.

NOTE: if bearing caps do not install correctly, it is
possible that the threads of the adjusting rings are
not correctly engaged. Remove caps and move the
adjusting rings. Do not use force in the installation
of the bearing caps, you can cause damage to the
bearing housing or bearing caps.

29.

Install washers (2) and bolts (1). Tighten boits to
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a torque of 160-180 ib-ft (217-244 Nm).

Adjust the Preload on Differential Bearing:

30.

31.

32.

33.

Use a dial indicator against back face of the
bevel gear. Loosen the bearing adjusting ring
on the side opposite the gear only enough to
get an indication on the indicator.

Tighten the same adjusting ring only enough to
get .000 movement or indlcatlon on the
indicator

Check the bevel gear for run-out. If run-out is
more than .008 inch (.2 mm) remove differential
and check for the cause.

Tighten the adjusting rings one notch each
from .000 movement to get the correct preload
on the differential bearings. Install cotter pins
(4) to hold the adjusting rings in place.

. o

“” . -
- TYPICAL DIAL INDICATOR
T§ POSITION FOR CHECKING

END PLAY AND RING GEAR

Figure 8. Adjusting Preload on Differential Bearing

Adjust Clearance between Drive Pinion and Beve! Gear

1.

The backiash must be checked with a dial
indicator. The dial indicator must be put in the
position shown in Figure 7.

The clearance for a new bevel gear and pinion is
010" (.025 mm). If using original gears, use
clearance reading taken before disassembly.
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Figure 7. Checking Clearance

Prevent the pinion from turning and move the
bevel gear. Make a record of reading on the dial
indicator.

If the reading is not correct for old gears or new
gears, move the bevel gear away from the drive
pinion to increase clearance or move ring gear
toward drive pinion to decrease clearance.
When you loosen or tighten the adjusting nuts,
move each nut the same distance.

Hold the adjustment by installing cotter pins
between grooves on adjusting nuts.

~ Installation

1.

Before you install the differential carrier in the

axle housing, remove any dirt or residue from
housing and sleeves. Clean the housing
thoroughly with solvent and compressed air.

Check the axle housing for cracks, loose studs
or damage. Make all necessary repairs or parts
replacement before you install the ditferential
carrier into the axle housing.

TYPICAL DIAL INDIC Aron,f?;
P} POSITION FOR CHECKING

3.

install new gaéket on differential carrier. Move
the differential carrier into position on roller

jack. Start carrier into housing with four boits

and plain washers at equal spaces.

IMPORTANT: Do not hit the differential carrier with a
hammer at the carrier boit flange. You can cause
damage or distortion on the flange, which will cause
leakage.

4.

10.

1.

Tighten the four bolts equally to pull the carrier
straight Into the axle housing.

If necessary, remove boits and plain washers
and install taper dowels, lock washers and
boits. Tighten nuts to correct torque.

Install the drive shaft.
Install axle shafts.

Check magnetic drain plugs. These plugs have
an important function. The plugs remove the
small metal particles from the lubricant. The
magnet must be strong enough to hold the
particles under all operating conditions. Add a

~ new magnetic charge or replace the plugs if

necessary. The magnetic plugs must have a
minimum holding capacity of 2 pounds (.9 kg) of
low carbon steel in plate or flat bar form.

Fill axle housing to the correct level with
specified lubricant, Section 1050.

Apply grease to the drive shaft.

Lower the outriggers to raise the wheels off the
ground. Operate the drive train with
transmission in high gear at approximately 1/4
to 1/2 throttle for five minutes, so lubrication
reaches all parts of the carrier assembly.
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SERVICING THE AXLE HUBS

Removal of Complete Axle

NOTE: Removal of axle is necessary when there is
damage to the axle housing. Axle can be
disassembled with axle housing fastened to the
frame.

1. Lower the outriggers to lift the wheels. Put
blocks under the front of the frame. Remove the
two front tires.

2. Diéconnect the brake lines from the axle.

3. Disconnect the drive shaft from the axle
differential. See Section 6122.

4. Put a support under the axle housing and
remove the eight nuts from the bolts that fasten
the axle housing to the frame. Remove the two
mounting plates.

5. Two dowels hold the axle housing against the
frame. The axle housing can be removed by
hitting the dowels with a hammer and soft
punch.

Axle Hubs — Disassembly
See Figure 8.

1. Remove drain plug (10) and remove the
lubricant from the axle housing.

2. If axle is on the machine, remove the tire.

3. Remove the brake drum (23) from the hub and
stud unit (14). ‘

4. Remove the nuts (32), washers (31) and dowels
(30). Pull axie shaft out of axle housing.

5. Remove the outer bearing nut (22), the
lockwasher (21) and inner bearing nut (20).

6. Remove the hub and stud unit (14). The outer
bearing cone (19) will be removed with the hub
and stud unit. ‘

7. Remove the inner bearing cone (13) and the oil
seal (12).

8. Remove nuts (26) and washers (27). Then
remove the oil slinger (11).

9. ' Remove the brake unit (8) from the axle
housing. :

Inspection

It is important that an inspection be made of ail axle
hub parts before assembly. Make an inspection for
parts that are worn or have damage.

Make an inspection of all bearing cones and bearing
cups, including those bearing cups not removed
from the hub and stud unit. Replace if rollers or cups
have damage. Remove bearing cups with a puller or
in an arbor press with sleeves. Do not use a hamrher
and punch.

Make an inspection of the axle shaft. Check for
bends and other damage.

Replace all parts that are not in good condition.
Lockwashers, oil seals and gaskets must be
replaced at assembly.

Tighten all nuts to specified torque. See Section

1051.

Assembly

1. Install the brake unit (8) on the axle housing (6).

2. Install the oil slinger (11) in front of the brake
unit. Fasten the brake unit and oil slinger to the
axle housing with bolts (9), washers (27) and
nuts (26).

3. Install the oil seal (12) on the oil slinger.

4. Apply a light machine oil to inner and outer
bearing cones (13 and 19).
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Figure 8. Drive Axle
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.

Assemble the inner bearing cone (13) and the
outer bearing cone (19) in the hub and stud unit
(14). Install the hub and stud unit on the spindie
of the axle housing.

Tighten the inner bearing nut (20) and at the
same time rotate the hub and stud assembly
(14). The inner bearing nut must be tightened
until there is a small amount of resistance to
the rotation of the hub. Then loosen the inner
bearing nut ¥4 of a turn,

10.
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Install the lockwasher (21) and outer bearing
nut (22).

Install a new gasket (28) on the axle shaft (29).
Install the axle shaft into the axle housing.
Fasten the axle shaft with dowels (30),
lockwashers (31) and nut (32).

install thg brake drum (23) and tire.

Fill the axile housing with the specified
lubricant. See Section 1050. '




Section
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DRIVE AXLE
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MAINTENANCE

Level check (Weekly or Every 50 Hour
Interval)

1.

5.

Level crane, engage parking brake and shut off
engine. Tag or remove ignition key.

Clean area around the differential check/fill plug
(Figure 1). Remove plug from axle housing and check
oil level. Qil must be level with bottom of fill plug hole.
If low, add recommended oil, see Section 1050.

Install piug.

Move the machine until the plug is lined up as shown
in Figure 2. Clean area around the axle hub drain/fill
plug. Remove the plug and check oil level. Oil level
must be level with the bottom of the fill piug hole. If
low add recommended oil, see Section 1050.

Install plug and repeat for other axle hub.

Oil Change (Every six months or 1500 Hour
Intervals)

1.

Level crane, engage parking brake, and shut off
engine. |

Clean around the differential fill/check plug and drain

plugs (See Figure 1).

Remove the fill/check plug. Place a container under
the axle housing and remove the drain plugs. Drain
all oil.

Clean the drain plug and install it in the axie housing.

Fill differential with recommended oil, see Section
1050.

Remove breather and clean in a suitable solvent.

Move the machine until the plug is lined up as shown
in Figure 3. Clean area around the axie hub drainill
plug. Remove the plug and drain oil into a suitable
container.

Move machine to place axle in position shown in
Figure 2. Fill axle hub to level with bottom of fill hole
with recommended lubricant. See Section 1050.
Install plug.

. Repeat steps 7 and 8 for the other axle hub.

"oiL UEVEL
M14x15

Figure 3.
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DESCRIPTION AND TROUBLESHOOTING

General

The drive axle has a NoSpin differential. A differential is
necessary in an axle to prevent damage to the tires when
the machine is turning a corner. During a turn, the outside
wheel must turn faster to move a greater distance than the
inside wheel. The differential gives positive drive to both
wheels over all surfaces. The clutches in the NoSpin will
let one wheel rotate faster than the ring gear (when making
aturn), but will never let either wheel turn slower than the
ring gear.

Troubleshooting

It is important to remember that the performance of the
NoSpin differential will be different than a standard
differential. For example:

1. During a turn, the clutch for the outside wheel
disengages automatically to let the wheel rotate freely
when necessary. A sound can be heard in the
differential when the clutch engages and disengages.
This sound is normal.

2. During straight travel, you will hear a regular click in
the differential if the radius of the two tires is not equal.
This radius is the radius of the tire under load and is
measured from the ground to the center of the tire. It
is important that both tires are the same size and have
equal pressures. :

3. If there is a heavy load on one side of the machine,
the machine will pull to that side during travel. The
heavy load changes the radius of the tire.

4. If too much power is applied during a tumn, the
differential will have a possible effect on steering.
Decreasing the engine speed will decrease the torque
to the wheels and make steering easier.

5. The NoSpin will have more backlash or free
movement than a standard differential. This
movement is necessary to permit the clutches to
engage and disengage automatically during a turn.
The amount of backlash in the NoSpin normally does
notincrease with use. There will be an increase in the
total backlash in the drive train as the wear in the
components increases.

6. During a turn, it is normal to hear a loud noise in the
differential if you rapidly increase, then decrease the
engine speed. This noise is caused when the torque
changes between driving torque to the inside wheel
and braking torque to the outside wheel.

7. During a turn on loose ground or other conditions of
bad traction, there can be loss of torque to both
wheels for a short time. This condition occurs when
the clutch for the outside wheel is disengaged and full
torque is applied to the inside wheel. The inside wheel
will turn, but movement of the machine will stop until
the clutch for the outside wheel engages.

To check the performance of the differential:

1. On a concrete surface, move the machine several
times around a circle with the steering wheels turned
at the maximum angle.

2. Check the drive wheels while the turn is being made.
The outside wheel must rotate faster than the inside
wheel. There must be no loss of traction to the inside
wheel.

3. Turn the machine in the opposite direction and check
the drive wheels again. If there is no differential
action, or if there is slippage in the wheels, repair or
replacement of the differential is necessary:

If noise in the differential during straight travel is the
problem, check the radius of the drive wheels. Use the
following procedure:

1. Put a mark with chalk on both wheels in the same
location.

2. Move the machine a short distance in a straight line.
If the radius of the two tires is not equal, the marks on
the two wheels will be in a different location.

3. Adjust the pressure in the two tires and repeat the
check until the marks are in the same location when
the machine is stopped.

Before you remove the differential, make a final check to

see if the problem is in the differential. Two persons are

needed for the check.

1. Lower the outriggers and lift the wheels off the
ground. Stop the engine.

2.. Disengage the park brake and put the transmission
in “Neutral" position.

3. While one person holds the left wheel, rotate the right
wheel forward. Now hold the right wheel and tumn the
left wheel forward. Repeat this procedure for each
wheel in the reverse direction. If the differential is

working correctly, you will hear a regular series of

clicks while each wheel is being rotated. If the wheels
do not tum smoothly and easily, remove and make
and make an inspection of the differential.

o
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1. Plug .
2. Plug

3. Intermediate Cover @)

4. Magnetic Plug (3)

5. O-Ring (4)

6. O-Ring (2)

7. Cover

8. O-ring

9. Housing

10. Bolt (4)

11. Vent

12, Circlip (8)

13. Cup Spring (16)

14, Spring (8)

15. Spacer (8)

16. Piston (8)

17. O-Ring (8)

18. Back-up Ring

19. Bevel Pinion*

. Shim

. O-Ring

.Bolt

. Taper Roller Bearing

24. Ring Nut

25, Seal

26.Cover Plate .
27. Differential Carrier

28. Bolt (16)

29.0-Ring

30. Nut

31. Flange

32. Cover

33. Shim

34. Spacer

35. Bolt (2)

36. Retainer (2)

37. Ring Nut (2)

38. Taper Roller Bearing
39. Lock Washer (16)
40
41
42

B8RS

. Bolt (16)
. Differential Carrier
. Bevel Gear*

43. NoSpin Ditferential

*Comes as a set.

Figure 4.
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1. Lateral Axde Housing (2)
2. Wheel Stud (16)

3. O-Ring (2)

4.Spacer (2)

5. Seal (2)

6. Taper Roller Bearing (2)
7. Wheel Hub (2)

8. Wheel Nut (16)

9. O-Ring (2)

10. Shim (2)

11. Snap Ring (2)

12. Seal (2)

13. Ring Gear Support (2)
14. Dowel (8)

15. Locking Plate (2)

186. Ring Gear (2)

17. Circlip (2)

18. Thrust Washer (2)

19. Planet Gear Carrier (2)
20. Seal Washer (2)

21. Plug (2)

22. Pin (6)

23. O-Ring (6)

24, Bolt (8)

25, Planet Gear (6)

26. Needie Bearing (12)
27. Spacer (6)

28. Thrust Washer (6)
29, Stud (4)

30. Half-Shaft (2)

Figure 5.
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31. Bolt (8)

32. Nut (28)

33. Stud (24)

34. Plug (2)

35. Disc (2)

36. Brake Disc (10)

37. Intermediate Brake Disc (10)
38. Pin (6)
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SERVICING THE AXLE

Disassembl&

NOTE: Apart from replacement of the hub and piston shaft
oil seals, it is recommended that the axle be removed for
all other disassembly operations.

1.

9.

Remove plug (4, Figure 4) and drain oil into a suitable

container.

Remove fourteen nuts (32, Figure 5) from casing
studs (33).

Separate lateral axle housing (1, Figure 5) from
intermediate housing (3, Figure 2). Repeat on
opposite side.

Stand lateral axle housing (1, Figure 3) on the planet

- gear carrier. Remove disc (35), five brake discs (36)
_and five intermediate discs (37). Remove three pins

(38). |
Drain oil from the planet gear carrier (19, Figure 5).

Remove three bolts (24). Lift off planet gear carrier
(19) and remove half shaft (30). If the axle is on the
machine, leave the half shatft in position.

Remove circlip (17) securing the plant gears.

Using a deft and hammer (Figure 4), remove the
planet pins (22, Figure 5). Be careful not to damage
thrust washers (28). They may be removed once
there is clearance.

Figure 6.

Remove planet gears (25), (28), and bearings (26).

10. Remove ring gear (16). Unscrew and remove four

1.

bolts (31), retaining ring (15), and ring gear support
(13).

Using a suitable puller and center pad (Figure 7),
remove the hub carrier (7, Figure 5), from lateral axie
housing (1). Ifthe axle is still on the machine, the half
shaft may be used in place of the center pad.

Figure 7.

12. Stand center assembly (Figure 8) on end, and apply

40-70 psi (270 - 483 kPa) to the brake line part to
release brake pistons (16, Figure 4). Remove brake
pistons (16). Note o-ring (17) and back-up ring (18).

WARNING: Pertorm this operation only with
assembly in position shown in Figure 8.
Treat compressed air with caution.




13.

14.
15.
16,

17.
18.

19.

b

Unscrew eight bolts (22, Figure 4), and remove pinion
housing (32) by reinserting two bolts into the unused
tapped holes in the pinion housing to jack it away from
the differential casing (9).

Withdraw pinion housing (32), retain shim (20).
Uscrew flange nut (30) and remove flange (31).

Press out pinion shaft (19). Remove outer taper roller

_ bearing (23), spacer (34) and shim (33).

Lift out spacer (26) and remove oil seal (25).

Remove the two shouldered studs (29, Figure 5)
(black in color), placed diametrically opposite each
other, which retain the intermediate casing.

With the housings (3 and 9, Figure 4) in the vertical(3)
upward, assisting by lifting from the inside to release
it from the brake system o-rings (5 and 6).

NOTE: Never dismantle intermediate housing (3) from
center casing (9) in the horizontal position, as this will
cause the bevel gear (7) to drop, possibly causing damage.

20.

Lift out differential "assembly. Mark casing externally
to indicate side.

21. Disassemble the differential assembly using Figure 4
as a guide. Assembly (43) is not serviceable.

Assembly

1. Using Figure 4 as a guide, assemble the differential
assembly. Coat threads of bolts (40) with Loctite
#270 before installation.

2. Measure and record dimension X (Figure 9), between

the pinion housing mounting face of the center
(differential) casing and the nearest point of the
adjacent intermediate housing counterbore, for later
use in setting pinion depth.

10.

1.

12.
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Assemble outer races of pinion bearing (Figure 4) into
pinion housing (32).

Install bearing (23) onto pinion (19).

Lower pinion (19) into pinion housing (32) and invert
assembly.

Assemble shims (33) and spacer (34). Assemble
outer bearing (23). Tap new oil seal (25) into position

. and grease lips with grease. Install outer spacer (24).

Install flange (31). Install new 0-ring (29). Install nut
(30). Tighten to a torque of 192-206 Ib.-ft. (260-280
(Nm).

Check rolling torque of pinion shaft, which should be
8.8 to 13 Ib-in. (100-150 Nem). If torque is improper,
disassemble pinion and pinion housing. Increase
shim thickness by 0.01 mm to decrease preloading
torque by approximately 4.4 to 5.3 Ib-in. (50-60 Nem)
conversely to increase preloading the shim, thickness
should be reduced. Assemble pinion and pinion
housing. Check o-ring (29) for damage. If damaged,
replace it. Tighten nut (30) to a torque of 192-206 Ib-ft.

(260-280 Nm).

Assemble side intermediate housing (3, Figure 4) to
center casing (9) after lubricating o-rings (5 and 8)
and checking their security and position. Install two
shouldered studs (29, Figure 5) to intermediate

‘housing (3).

Invert assembly in order to place NoSpin differential
unitinto position in center casing as originally marked.

Install other intermediate housing (3, Figure 4) after
lubricating o-rings (5 and 8) and checking their
security. Install two shouldered studs (29, Figure 5).

Clamp three sections together by using four tubes
and nuts each side (Figure 10) and torque tighten to
18 Ib-ft. (25 Nm).

Figure 10.
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3

13. Wrap a cord around the differential housing and note
the pull required to maintain rotation to the differential
assembly (Figure 11), which should be 6.7 to 7.8 Ib.
(30-35 N).

Figure 11.

14. Adjust bearing rings to alter bearing preioad, but do
not lock them at this stage (Figure 12).

Figure 12,

15. Note measurement Y etched on end of pinion face
(e.g.) 97.9 (any other marking, such as B22, is the
bevel gear and pinion pairing number), and
measurement Z stamped on inner face of pinion
housing (Figure 13).

16. Oil scoop A, Figure 14, must be located at the top
when installing pinion housing to center casing.
Select thickness of pinion housing shim B by
completing the calculation below.

Figure 14,

Explanation of Formula for Calculating Pinion Hodsing
Shim Requirement :

A. Dimension X:

Formula: Standand Value minus Measured Value = Correction Value
Example: 24.00mm minus 24.28mm = -0.28mm
Because the measured value is greater than the standard value the
result is a negative value.

B. DimensionY:

Formula: Standard Value minus Measured Value = Comrection Value
Exampie: 98.00mm minus 97.90mm = 0.10mm

C. DimensionZ:

Formula: Measured Value minus Standard Value = Corrective Value
Example: 21.65mm minus  21.00mm = 0.65mm




D. Calcuiation of Shim Thickness:

Formula: Correction X plus Correction Y plus ComectionZ = Shimt
thickness
Example: 028 plus 0.1 plus 0.65 =0.47mm

NOTE: When new bearings have been installed, subtract
an additional 0.05 mm to 0.08 mm from the above resuit
for initial bedding of the bearings.

17.  Assemble pinion housing to center casing using the

. selected shim, and temporally secure it using four

fixing bolts (22, Figure 4). Tighten to a torque of 18
Ib-ft. (25 Nm).

18. Bevel gear (42, Figure 4) and pinion (19) backlash
should be 0.15 mm to 0.20 mm. Adjust by screwing
ring nut (37) in or out to alter position of bevel gear
assembly. .

NOTE: It is important to turn each ring by equal amounts
in either direction to void losing bearing preload.

19.  Check meshing of bevel gear (42) and pinion (19) by
marking teeth with engineers blue and rotating gears.
Refer to page 9 for correct marking. When meshing
is correct, install locking tab (36) to ring nuts (37).

20. Remove the four fixing bolts and remove pinion
housing (32). Install new o-ring (21) to pinion housing
(32), and assemble to center casing (9), ensuring that
oil scoop faces top and drain faces bottom of
differential center casing. Coat threads of boits (22)
with Loctite #270 and tighten to a torque of 18.5 Ib-ft.
(25 Nm). Remove nuts and tubes from assembly.

21. Install new o-rings (17) and back-up rings (18) onto
pistons (16). Install pistons.

22. Insert new half shaft oil seal (18, Figure 5) into axle
arm (1) to a depth of 3.75 inches (95 mm) below hub
mounting surface. See Figure 15.

Figure 15.

6126A-9

23. Press new oil seal (5) into hub carrier .

24. Assemble hub carrier (7) to axle arm (1). Install outer
bearing (6).

25,

[$)]

Install ring gear support (13), locking plate (15). Coat
threads of bolts (31) with Loctite #270 and tighten to
a torque of 88 Ib-ft. (120 Nm). Install ring gear (16)
onto ring gear support (13).

26. Replace half shaft thrust washer (18) if worn.

27. Invert hub unit and place on blocks. Using a suitable
mandrel or oil pin, locate gears (25) and thrust
washes (28) in place, after coating thrust washers
with grease (Figure16).

Figure 16.

28. Install needle roller bearings (26, Figure 5) in planet
gears (25) and position planet gears in hub. Locate
lock tab of thrust washers (28) in slots in hub unit.

NOTE: The last two gears must be in position before
inserting second pin.

29. Install new o-rings (23) onto pins (22). Tap pins into
hub reduction unit (19) while supporting mandrel.
Upon reaching last 1/4 inch (6 mm) check to ensure
thrust washers (28) are securely located on pin,
concentric with bore and thrust washer lock tab is
located in slot, before tapping all the way in.

30. Instali circlip (17).

31. If axle is off the machine, insert half shaft (30) in axle
arm (1). Install new o-ring (9) to hub carrier (7). install
hub reduction unit (19) to hub carrier (7).
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if axle is still on the machine, proceed as follows:

a. Remove half shaft (20) slightly and install hub
reduction unit to axle to engage sun gears with
gear on half shaft.

b. Insert reduction unit over wheel studs on carrier,
pushing half shaft back into axle casing.

32. Install capscrews (24).

33. Install brake discs. First install an intermediate brake
disc (37), then a brake disc (36). Alternate discs until
five of each are installed. End with disc (35).

NOTE: Brake discs (36) are 4.9 mm thick and must be
replaced in complete sets, together with intermediate
brake discs (37), when worn to 4.5 mm or less. Soak brake
discs for.twelve hours in oil (See axle lubricant
specifications in Section 1050) prior to installation.

34. Install three pins (38).

35. Install new o-rings (5, Figure 4) to intermediate
housings (3) and install axle arms. Coat threads of
studs (29 and 33, Figure 5) with Loctite #270 and
tighten nuts to a torque of 18 Ib-ft. (25 Nm) ‘

36. Fill differential with recommended lubricant to bottom
of oil level plug opening. See Figure 1.

37. Fill each wheel hub with recommended lubricant to
bottom of fill plug opening. See Figure 2.
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FRONT STEERING AND DRIVE AXLE
(OPTIONAL - HURTH)
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i

MAINTENANCE

Level check (Weekly or Every 50 Hour
Interval)

1.

5.

Level crane, engage parking brake and shut off
engine. Tag or remove ignition key.

Clean area around the differential checkfill plug.

(Figure 1). Remove plug from axle housing and check
oil level. Oil must be level with bottom of fill plug hole.
If low, add recommended oil, see Section 1050.

Install plug.

Move the machine until the plug is lined up as shown
in Figure 2. Clean area around the axle hub drainfill

* plug. Remove the plug and check oil level. Qil level

must be level with the bottom of the fill plug hole. if
low add recommended oil, see Section 1050.

Install plug and repeat for other axle hub.

Oil Change (Every six months or 1500 Hour
Intervals)

1.

Level crane, engage parking brake, and shut off
engine.

Clean around the differential fill/check plug and drain
plugs (See Figure 1).

Remove the fill/check plug. Place a container under
the axle housing and remove the drain plugs. Drain
all oil.

Clean the drain plug and install it in the axle housing.

Fill differential with recommended oil, see Section
1050. '

Remove breather and clean in a suitable solvent.

Move the machine until the plug is lined up as shown
in Figure 3. Clean area around the axle hub drain/ilf
plug. Remove the plug and drain oil into a suitable
container.

Move machine to place axle in position shown in
Figure 2. Fill axle hub to level with bottom of fill hole
with recommended lubricant. See Section 1050.
Install plug.

Repeat steps 7 and 8 for the other axle hub.

Figure 3.




6127-3

DESCRIPTION AND TROUBLESHOOTING

General

The steering drive axle has a NoSpin differential. A
differential is necessary in an axle to prevent damage to
the tires when the machine is turning a comer. During a
tum, the outside wheel must turn faster to move a greater
distance than the inside wheel. The differential gives
positive drive to both wheels over all surfaces. The
clutches in the NoSpin will let one wheel rotate faster than
the ring gear (when making a turn), but will never let either
wheel turn slower than the ring gear.

Troubleshooting

It is important to remember that the performance of the
NoSpin differential will be different than a standard
differential. For example:

1. During a tum, the clutch for the outside wheel
disengages automatically to let the wheel rotate freely
when necessary. A sound can be heard in the
differential when the clutch engages and disengages.
This sound is normal.

2. During straight travel, you will hear a regular click in
the differential if the radius of the two tires is not equal.
This radius is the radius of the tire under load and is
measured from the ground to the center of the tire. It
is important that both tires are the same size and have
equal pressures.

3. If there is a heavy load on one side of the machine,
the machine will pull to that side during travel. The
heavy load changes the radius of the tire.

4. If too much power is applied during a turn, the
differential will have a possible effect on steering.
Decreasing the engine speed will decrease the torque
to the wheels and make steering easier.

5. The NoSpin will have more backlash or free
movement than a standard differential. This
movement is necessary to pemit the clutches to
engage and disengage automatically during a tumn.
The amount of backlash in the NoSpin normally does
notincrease with use. There will be an increase in the
total backlash in the drive train as the wear in the
components increases.

6. During a turn, it is normal to hear a loud noise in the
differential if you rapidly increase, then decrease the
engine speed. This noise is caused when the torque
changes between driving torque to the inside wheel
and braking torque to the outside wheel.

7. During a turn on loose ground or other conditions of
bad traction, there can be loss of torque to both
wheels for a short time. This condition occurs when
the clutch for the outside wheel is disengaged and full
torque is applied to the inside wheel. The inside wheel
will turn, but movement of the machine will stop until
the clutch for the outside wheel engages.

To check the performance of the differential:

1. On a concrete surface, move the machine several
times around a circle with the steering wheels tumed
at the maximum angle.

2. Check the drive wheels while the turn is being made.
The outside wheel must rotate faster than the inside
wheel. There must be no loss of traction to the inside
wheel,

3. Turn the machine in the opposite direction and check
the drive wheels again. If there is no differential
action, or if there is slippage in the wheels, repair or
replacement of the differential is necessary.

If noise in the differential during straight travel is the
problem, check the radius of the drive wheels. Use the
following procedure:

1. Put a mark with chalk on both wheels in the same
location.

2. Move the machine a short distance in a straight line.
If the radius of the two tires is not equal, the marks on
the two wheels will be in a different location.

3. Adjust the pressure in the two tires and repeat the
check until the marks are in the same location when
the machine is stopped.

Before you remove the differential, make a final check to
see if the problem is in the differential. Two persons are
needed for the check. :

1.  Lower the outriggers and lift the wheels off the
ground. Stop the engine.

2. Disengage the 'park brake and put the transmission
in "Neutral” position.

3. While one person holds the left wheel, rotate the right
wheel forward. Now hold the right wheel and tum the
left wheel forward. Repeat this procedure for each
wheel in the reverse direction. If the differential is
working correctly, you will hear a regular series of
clicks while each wheel is being rotated. If the wheels
do not tum smoothly and easily, remove and make
and make an inspection of the differential.

o
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Figure 4.

~

1. Plug

2. Plug

3. Intermediate Cover (2)
4. Magnetic Plug (3)

5. O-Ring (4)

6. O-Ring (2)

7. Cover

8. O-ring

9. Housing

10. Bolt (4)

11. Vent

12. Circlip (8)

13. Cup Spring (16)
14. Spring (8)

15. Spacer (8)

16. Piston (8)

17. O-Ring (8)

18. Back-up Ring

19. Bevel Pinion*

20. Shim

21. O-Ring

22. Bolt (8)

23. Taper Rolier Bearing
24. Ring Nut

25. Seal

26. Cover Plate

27. Differential Carrier
28. Bolt (18)

29. O-Ring

30.Nut

31. Flange

32. Cover

33. shim

34. Spacer

35. Bolt (2)

36. Retainer (2)

37. Ring Nut (2)

38. Taper Roller Bearing
39. Lock Washer (16)
40. Bolt (16)

41. Differential Carrier
42. Bevel Gear*

43. NoSpin Differential

* Comes as a set.




1. Laterail Axle Housing (2)
2. Grub Bolt (2)

3. Nut (3)

4. Bolt (24)

5. Grease Fitting (4)

6. Pivot Pin (4) .

7. Shim (4)

8. Dust Excluder (5)

9. Ring (4)

10. Taper Roller Bearing ((4)
11. Steering Case (2)

12. Nut (28)

13. Wheel Stud (16)

14. O-Ring (2)

~ 15, Spacer (2)

16. Seal (2)
17. Taper Roller Bearing (4)

18. Wheel Hub (2)

19. Wheel Nut (16)

20. O-Ring (2)

21. Shim (AR)

22. Snap Ring (2)

23. Friction Washer (2)
24, Ring Gear Support
25. Dowel (8)

26. Ring Gear (2)

27. Circlip (2)

28. Friction Washer (2)
29. Planet Gear Carrier (2)
30. Seal Washer (2)
31. Plug (2)

32. Pin (6)

33. O-Ring (6)

34. Cylinder Bott (&)

35. Spacer (6)

36. Pinion (2)

37. Boit (8)

38. Planetary Gear (6)

39. Needle Bearing (12)
40. Friction Washer (6)
41. Needle Bearing (2)

42. Snap Ring (2)

43. Seal (2)

44, Dust Excluder (2)

45. Double Universal Joint (2)
46. O-Ring (2)

47. Reduction Bushing (2)
48. Seal (2)

49, Bail Bearing (2)

§0. Circlip (2)

51. Circlip (2)

Figure 5.

6127-5

52. Nut (2)

§3. Steering Adjust Bolt (2)
54. Stud (24)

55. Plug (4)

56. Stud (4)

§7. Locking Plate {2)

58. Tie Rod

59. Track Rod Arm

60. Dowel (2)

61. Track Rod Arm

62. Spring Washer (8)

63. Bolt (8)

64. Disc (2)

65. Brake Disc (10)

66. Intermediate Disc (10)
67. Pin (6)
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SERVICING THE AXLE

Disassemﬁly

NOTE: Apart from replacement of the hub and piston shaft
oil seals, it is recommended that the axle be removed for
all other disassembly operations.

1.

Remove plug (4, Figure 4) and drain oil into a suitable

container.

Disconnect tie rod (63, Figure 5) from brackets (59
and 61).

Remove fourteen nuts (12, Figure 5) from casing
studs (54).

Separate lateral axle housing (1, Figure 5) from
intermediate housing (3, Figure 2). Repeat on
opposite side.

Remove  disc -(64), five brake discs (65) and five
intermediate discs (66). Remove three pins (67).

Drain oil from the planet gear carrier (29, Figure 5).

Remove three bolts (24). Lift off planet gear carrier
(29).

Remove circlip (27) securing the plant gears.

Using a deft and hammer (Figure 4), remove the
planet pins (32, Figure 5). Be careful not to damage
thrust washers (40). They may be removed once
there is clearance.

10. Remove planet gears (38), thrust washer (40), and
bearings (39).

11. Remove ring gear (26). Unscrew and remove four
bolts (37), retaining ring (57), and ring gear support
(24).

12. Using a suitable puller and center pad (Figure 7),
remove the hub carrier (18, Figure 5), from lateral axle
housing (1). If the axle is still on the machine, the half
shaft may be used in place of the center pad.

Figure 7.

13. Bemove bolts (4, Figure 5) and both pivot pins (6).
Save shims (7). Remove taper roller bearing (10) and
seals (9). .

14. Separte steering case (11) from lateral axle housing
(1). Save the dust exiuder (44).

15. Remove seal (43), retaining ring (42) and needle
‘bearing (41).

16. Remove outer races of taper roller bearings (10) from
lateral axie housing (1).

NOTE: When extracting the double universal joint on the
differential lock side and the and the steering case will not
be disassembled, install the differential lock mechanism in
its engaged position so that the box coupling does not fall.
Lock the brakes in order to keep the discs in position.

17. Remove nut (3) and grub bolt (2) and slide out the
double universal joint (45). Remove retainer rings (50
and 51). Pull out bushing (47) and remove ball
bearing (49), seal (48) and o-ring (46).




18. Stand center assembly (Figure 8) on end, and apply
40-70 psi (270 - 483 kPa) to the brake line part to
release brake pistons (16, Figure 4). Remove brake
pistons (16). Note o-ring (17) and back-up ring (18).

WARNING: Perform this operation only with
assembly in position shown in Figure 8.
Treat compressed air with caution.

Figure 8.

19.  Unscrew eight bolts (22, Figure 4), and remove pinion

housing (32) by reinserting two bolts into the unused

tapped holes in the pinion housing to jack it away from
the differential casing (9).

20. Withdraw pinion housing (32), retain shim (20).
21. Uscrew flange nut (30) and remove flange (31 )

22. Press out pinion shaft (19). Remove outer taper rolier
bearing (283), spacer (34) and shim (33).

23. Lift out spacer (26) and remove oil seal (25).

24. Remove the two shouldered studs (29, Figure 5)
(black in color), placed diametrically opposite each
other, which retain the intermediate casing.

25. With the housings (3 and 9, Figure 4) in the vertical(3)
upward, assisting by lifting from the inside to release
it from the brake system o-rings (5 and 6).

NOTE: Never dismantle intermediate housing (3) from
center casing (9) in the horizontal position, as this will
cause the bevel gear (7) to drop, possibly causing damage.

' 26. Lift out differential assembly. Mark casing externally

~ {o indicate side.
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27. Disassemble the differential assembly using Figure 4

' as a guide. Assembly (43) is not serviceable.

Assembly

1.

Using Figure 4 as a guide, assemble the differential
assembly. Coat threads of bolts (40) with Loctite
#270 before installation.

Measure and record dimension X (Figure 9), between
the pinion housing mounting face of the center
(differential) casing and the nearest point of the
adjacent intermediate housing counterbore, for later
use in setting pinion depth.

Figure 9.

Assemble outer races of pinion bearing (Figure 4) into
pinion housing (32).

Install bearing (23) onto pinion (19).

Lower pinion (19) into pinion housing (32) and invert
assembly.

Assemble shims (33) and spacer (34). Assemble
outer bearing (23). Tap new oil seal (25) into position
and grease lips with grease. Install outer spacer (24).

Install flange (31). Install new o-ring (29). Install nut
(30). Tighten to a torque of 192-206 Ib.-ft. (260-280
(Nm).

Check rolling torque of pinion shaft, which should be
8.8 to 13 Ib-in. (100-150 Nem). If torque is improper,
disassemble pinion and pinion housing. Increase
shim thickness by 0.01 mm to decrease preloading
torque by approximately 4.4 to 5.3 Ib-in. (50-60 Nem)
conversely to increase preloading the shim, thickness
should be reduced. Assemble pinion and pinion
housing. Check o-ring (29) for damage. If damaged,
replace it. Tighten nut (30) to a torque of 1 92-206 Ib-ft.
(260-280 Nm).
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9. Assemble side intermediate housing (3, Figure 4) to
center casing (9) after lubricating o-rings (5 and 8)
and checking their security and position. Install two
shouldered studs (29, Figure 5) to intermediate
housing (3).

10. Invert assembly in order to place NoSpin differential
unit into position in center casing as originally marked.

11. Install other intermediate housing (3, Figure 4) after
lubricating o-rings (5 and 8) and checking their
security. Install two shouldered studs (29, Figure.5).

12. Clamp three sections together by using four tubes
and nuts each side (Figure 10) and torque tighten to
18 Ib-ft. (25 Nm).

Figure 10.

13. Wrap a cord around the differential housing and note
the pull required to maintain rotation to the differential
assembly (Figure 11), which should be 6.7 to 7.8 ib.
(30-35 N).

Figure 11.

14. Adjust bearing rings to alter bearing preload, but do
not lock them at this stage (Figure 12).

N P
P

o
/‘-PC:'\ r“\ %

Figure 12,

15. Note measurement Y etched on end of pinion face
(e.g.) 97.9 (any other marking, such as B22, is the
bevel gear and pinion pairing number), and
measurement Z stamped on inner face of pinion
housing (Figure 13).

16. Oil scoop A, Figure 14, must be located at the top
when installing pinion housing to center casing.
Select thickness of pinion housing shim B by
completing the calculation below. .

Figure 13.




Figure 14.

Explanation of Formula for Calculating Pinion Housing
Shim Requirement

A. Dimension X:
Formula: Standard Value minus Measured Value = Corraction Vaiue
Example: 24.00mm minus 24.28mm = -0.28mm

Because the measured value is greater than the standard value the
result is a negative value.

B. DimensionY: ‘

Formula: Standard Value minus Measured Value = Corection Value
Example: 98.00mm minus 97.90mm =0.10mm

C. DimensionZ:

Formula: Measured Value minus Standard Value = Comeactive Value
Example: 21.65mm minus  21.00mm = 0.65mm

D. Calculation of Shlm Thickness:
Formula: Correction X plus Correction Y pius Correction Z

= Shim t
thickness
Exampile: -0.28 plus 0.1 plus 0.65 =0.47mm

NOTE: When new bearings have been installed, subtract
an additional 0.05 mm to 0.08 mm from the above resuit
for initial bedding of the bearings.

17. Assembile pinion housing to center casing using the
selected shim, and temporally secure it using four
fixing bolts (22, Figure 4). Tighten to a torque of 18
Ib-ft. (25 Nm).

18. Bevel gear (42, Figure 4) and pinion (19) backlash
should be 0.15 mm to 0.20 mm. Adjust by screwing

ring nut (37) in or out to alter position of bevel gear
assembly.

NOTE: It is important to turn each ring by equal amounts
in either direction to void losing bearing preload.

19.

20.

21,

23.
24,

25.

26.

6127-9

Check meshing of bevel gear (42) and pinion (19) by

- marking teeth with engineers blue and rotating gears.

Refer to page 9 for correct marking. When meshing
is correct, install locking tab (36) to ring nuts (37).

Remove the four fixing bolts and remove pinion
housing (32). Install new o-ring (21) to pinion housing
(32), and assemble to center casing (9), ensuring that
oil scoop faces top and drain faces bottom of
differential center casing. Coat threads of bolts (22)
with Loctite #270 and tighten to a torque of 18.5 Ib-ft.
(25 Nm). Remove nuts and tubes from assembly.

Install new o-rings (17) and back-up rings (18) onto
pistons (16). Install pistons.

Insert new half shaft oil seal (18, Figure 5) into
steering case (11) to a depth of 3.75 inches (95 mm)
below hub mounting surface. See Figure 15.

[T iii]]
—

LB U

Figure 15.

Press new oil seal (16) into hub carrier (18).

Assemble hub carrier (18) to steering housing (11).
Install outer bearing (17).

Install ring gear support (24), locking plate (25). Coat
threads of bolts (37) with Loctite #270 and tighten to
a torque of 88 Ib-ft. (120 Nm). Install ring gear (26)
onto ring gear support (24).

Replace half shaft thrust washer (28) if worn.
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27. Invert hub unit and place on blocks. Using a suitable
mandrel or oil pin, locate gears (38) and thrust
washes (40) in place, after coating thrust washers
with grease (Figure16).

Figure 16.

28. Install needle roller bearings (39, Figure 5) in planet
gears (38) and position planet gears in hub. Locate
lock tab of thrust washers (40} in slots in hub unit.

NOTE: The last two gears must be in position before

inserting second pin.

29. Install new o-rings (33) onto pins (32). Tap pins into
hub reduction unit (29) while supporting mandrel.
Upon reaching last 1/4.inch (6 mm) check to ensure
thrust washers (40) are securely located on pin,
concentric with bore and thrust washer lock tab is
located in slot, before tapping all the way in.

30. Install circlip (27).

31. Install new o-ring (46) onto bushing (47). Install seal
(48) and bearing (49) into bushing 47). Secure with
retaining ring (51).

32. Install assembled bushing onto double universal joint
(45). Install double universal joint into lateral axle
housing (1). install grub bolt (2) and nut (3).

33. Install outer races of taper roller bearings (10) into
lateral axie housing (1).

34. Install needie bearing (41), retaining ring (42) and
seal (43) into planet gear carrier (29). :

35. Place steering case (11) over knuckle end of lateral
axie housing (1).

36. Install dust ‘extruders (8), rings (9) and taper roller
bearings (10) onto pivot pin (6). Install shims (7) onto
upper pivot pin.

37. Install both assembled pivot arm pins into steering
case. Besure shims are on the top pivot pin. Secure
pivot pins with twelve bolts (4) each.

NOTE: If shims were damaged or lost during disassembly,
shims must be installed for steering to function properly.
Install top pivot pin with only four bolits (4). Tighten the bolts
until there is zero end float on the taper roller bearings.
Measure distance between the upper pivot pin (6) and the
steering case (11) in two opposite positions. Average the
two mesurements and then subtract 0.70 mm for preload.
This is the thickness of shims to istall. Install proper
thickness of shims between pivot pin and steering case.

38. Use an approximate 39" (1 m) log wrench and a force
gauge (Figure 17) to check rotating torque on the
lower pivot pin. The force set tangentally to the
wrench must be 3.4 - 3.8 Ib. (15-17 N). | force needed
to rotate the articulation is higher than 3.8 ib. (17 N)
put in thicker shims; if the force is lower, take away
shims until the correct preload is obtained.

151D

39"

Figure 17.

39. Install remaining bolts (4) and tighten all bolts. Check
preload again.

40. Install hub reduction unit (29) to wheel hub (18).

41. Install capscrews (34).

42. |Install brake discs. First install an intermediate brake
disc (66), then a brake disc (65). Alternate discs until
five of each are installed. End with disc (64).




NOTE: Brake discs (65) are 4.9 mm thick and must be
replaced in complete sets, together with intermediate
brake discs (66), when worn to 4.5 mm or less. Soak brake
discs for twelve hours in oil (See axle lubricant
specifications in Section 1050) prior to installation.

43,
44,

Install three pins (67).

Install new o-rings (5, Figure 4) to intermediate,

housings (3) and instail axle arms. Coat threads of

_studs (54 and 56, Figure 5) with Loctite #270 and

tighten nuts to a torque of 18 Ib-ft. (25 Nm)

45,
46.

47.

48.

49,
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Connect steering tie rod (58) to brackets (59 and 61).

Lubricate steering knuckle through grease fittings (5,
Figure 5).

Fill differential with recommended lubricant to bottom
of oil level plug opening. See Figure 1.

Fill each wheel hub with recommended lubricant to
bottom of fill plug opening. See Figure 2.

Check steering alignment and adjust if required. See
Section 5021.
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4

Figure 18.



Section
7102

. BRAKES
DIAGNOSIS, TEST AND CHECKS
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SPECIFICATIONS
2-Wheel Steering (Rockwell Axle) |
Flud Type. . ... ... Brake Fiuid, SAE Spec J1703f or equivalent
Capacity, Master Cylinder .................. e e e e 1 pint (5 L)
Relief Valve . . ... ... 90 psi (620 kPa).
2 and 4 Wheel Steering (Hurth Axle)
FludType ............................... e e e e e S e e Dexron Il ATF
Capacity, Master Cylinder ......... ... ... .. . i 1 pint (5 L)
Relief Valve . . ... ... ... e 90 psi (620 kPa)
MAINTENANCE
Fluid Level

Keep the fluid level in the master cylinder at
approximately 3/4 inch (19 mm) from top of the
reservoir.

IMPORTANT: Keep dirt and foreign material out of the
brake system. Clean the filler plug before removal.
Use clean brake fluid and containers.

Removal of Air from System

Air in the brake system will decrease the braking
force and can cause possible loss of brakes. When
there is loss of fluid or air in the system, the amount
of travel on the brake pedal will increase.

Air can enter the system:
a. Through a leak in the cylinders or lines.

b. It the level of the fluid in the master cylinder is
too low.

c.  When any lines or components' are discon-
nected.

To remove air from the system, you can use the
brake pedal or an external source of pressure. \WWhen
only one wheel cylinder has been disconnected, it is
necessary to remove the air from that line only.

The following procedure is for removal of air from
the complete system.

1. Fill the master cylinder with clean brake fluid of
the specified type. During the procedure, check
the fluid frequently. If the level of fluid in the
master cylinder gets too low, more air will enter
the system and it will be necessary to start the
procedure again.

2. Start at the wheel cylinder nearest the master
- eylinder. :

a. Clean the air removal screw. Install a hose
made of clear plastic on the air removal
screw. Put the other end of the hose into a
container with a small amount of brake
fluid.

b. While one person pushes and holds the
brake pedal, loosen the air removal screw.
Look for air bubbles in the hose. Continue
to apply pressure to the system until fluid
which is free of bubbles comes from the
air removal screw. Tighten the air removal
screw.

NOTE: The disc brakes have two air removal screws.
Loosen both screws, one at a time, to release air.

¢. Move clockwise around the machine and
repeat the procedure on the next wheel.
Repeat the entire procedure until all air is
removed from the system.
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DESCRIPTION OF OPERATION

General

The braking system on this machine is similar to the braking
system on a car. The system includes a master cylinder,
wheel cylinders, disc brake and hydraulic lines which
connect the master cylinder to the wheel cylinders and disc
brakes. See Figure 1 and 1A,

The front wheels have drum brakes (Rockwell Axle) or oil
submerged disc brakes (Hurth Axle). The rear wheels have
disc brakes.

Brake Master Cylinder

The brake master cylinder is inside the front fender
directly in front of the cab. A mechanical linkage
connects the master cylinder to the brake pedal..

The housing of the master cylinder is also the
reservoir for the system. The lower part of the
housing is the low pressure chamber and the
housing for the brake pistons. Internal ports in the
housing connect the reservoir to the low pressure
chamber.

A relief valve is installed in the reservoir and is in
communication with the low pressure chamber. The.
relief valve is connected by an external line to the
brake lines.

The filler plug on the reservoir has a vent to prevent a
vacuum in the reservoir,

Operation

When the operator pushes the brake pedal, force is
applied to the low pressure piston of the master
cylinder. See Figure 2. The piston moves forward and
closes the reservoir ports in the low pressure
chamber and the relief valve. The oil which is pushed
ahead of the piston flows through the primary piston
and enters the brake lines. The wheel cylinders
extend and move the brake shoes into contact with
the brake drums or discs.

When pressure reaches 90 psi (620 kPa), the low
pressure chamber is closed to the brake lines.
Further movement of the brake pedal applies full
force to the oil in the high pressure chamber
between the pistons. This force gives approximately

. 1000 psi (6 895 kPa) of pressure for full brake

application,
When the operator releases the brake pedal, spring

force moves the primary piston to the original
position and opens the brake line to the reservoir.
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Figure 1. Wheel Brake System '
(2-Wheel Steer - Rockwell Axle)
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Figure 2. Master Cylinder - Cross Section View
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AIR REMOVAL 7102-5
SCREW
(Quanitity of 2)

R ': " '. g ’
AIR REMOVAL @

SCREW
Figure 3. Disc Brake on Rear Axle Figure 4. Wheel Cylinder on Front Axie
‘ : (Rockwell Axle)
ADJUSTMENT
Brake Shoe Adjustment (Rockwell Axle) BRAKE SHOE CAM

ADJUSTING BOLTS
A minor adjustment as compensation for the wear in < ‘
the brakes can be made on the adjusting bolts \
shown in Figure 5. This adjustment is for the drum

brakes only. The disc brakes have no adjustment.

1.  Lower the outriggers until the wheels are off
the ground. Stop the engine.

2.  Put the transmission in “Neutral” position and
disengage the park brake.

3. Turn the adjusting boits in the direction shown
in Figure 5. Move each brake shoe into contact
with the brake drum until the wheel can no
longer be turned by hand. Now turmn the
adjusting bolt in the opposite direction until the Figure 5. Brake Shoe Adjustment - Drum Brakes
whee) can be turned freely.

TROUBLESHOOTING - HYDRAULIC BRAKE

PROBLEM POSSIBLE CAUSE REMEDY
Brakes pull to right or] Wheel cylinder frozen or bad. Repair or replace wheel cylinder, Section
left (Rockwell Axle) 7121,

Severe wear or glaze on brake Replace brake linings.

linings.
Brakes do not release| Not enough brake free pedal. Check brake pedal travel. Pedal must be
fully ' % to 1 inch of free travel before pressure

stroke starts.
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TROUBLESHOOTING - HYDRAULIC BRAKE (CON’T.)

PROBLEM

POSSIBLE CAUSE

REMEDY

No brakeé, pedal
moves easily to fioor

Low fluid level.

Add fluid to brake master cylinder,
remove air from brake lines,

Loss of fluid from broken line, loose
fitting or hose.

Check all lines and fittings.

Leakage in wheel cylinder.
(Rockwell Axle)

Repair or replace wheel cylinder. Section
7121.

Fault in master cylinder.

Repair or replace master cylinder.
Section 7106. :

Bad brakés.(pedal
fully applied, machine
stops gradually)

Any of the causes under “No
brakes".

Same as above.

Moisture or. fiuid on brake disc,
shoes or drum. (Rockwell Axle)

Disasemble and inspect wheel brakes.
Section 7121.

Severe wear in brake pads or shoes.

Adjust brake lining clearance, page
7102-5. Replace brake linings or pads.
Section 7121.

Soft pedal

Air in system.

Remove air from brake lines per

] instructions in this section.

High pressure leaks - external.

Apply full pressure, inspect for leakage
in lines, hoses or connections.

Wrong adjustment of brake lining
clearance. (Rockwell Axle)

Adjust lining clearance per instructions
in this section,

Crack in brake drum. (Rockwell Axle)

Replace brake drUm.

Slow pedal return

Restriction in return ports in relief
valve,.

Remove and clean relief valve. Section
7106.

Wrong type brake fluid, causing
swelling of rubber cups in master
cylinder.

Replace fluid in system with specified
fluid.

Return spring weak, broken or
disconnected. '

Check return spring. Section 7106.

Restriction in air vent of filler cap.

Clean vent opening in filler cap.

Dry bearings in brake pedat.

Disassemble pedal and lubricate
bearings.

<
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Figure 6. Brake Hydraulic Lines
2-Wheel Steering (Rockwell Axle) . -
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Figure 7. Brake Hydraulic Lines
(2 or 4-Wheel Steer - Hurth Axle)
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BRAKE MASTER CYLINDER
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RELIEF VALVE
SEE PAGE 7106-5

. Cylinder housing .

. Gasket

. Filler plug
Relief vaive
Elbow

Tube

Piston cup
Piston

Piston cup

10. Spring

11. Cup retainer
12. Piston cup
13. Floating piston
14. Retainer ring
15. Spring

16. Retainer

17. Piston seat
18. Gasket

19. Primary piston
20. Seal

21. End plug

22. Gasket

23. Fitting block
24. Gasket washer
25. Line bolt

26. Tee

PCEONIAE LN

NOTE: 4-WHEEL STEER MASTER
CYLINDER CONSISTS OF ITEMS 1
THRU 3 AND 7 THRU 21.
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SERVICING THE MASTER CYLINDER

Removal

1. Disconnect the brake line from the master
cylinder. Install caps and plugs on the fittings.

2. ' Loosen the three boits that fasten the master
cylinder to the frame.

3. Pull the master cylinder to the rear to remove
the cytinder from the push rod.

Disassembly

1. Remove the brake fluid from the master
cylinder.

2. Disconnect the tube (6) from the elbow (5) and
the fitting block (23). See Figure 1.

3. Remove the relief valve (4).

4. Loosen the line bolt (25). Remove the line boit
(25), gasket washer (24), fitting block (23) and
gasket (22).

5.. Remove the end plug (21) from the cylinder
housing.

6. Remove the primary piston (19). Disassemble
the primary piston:

a. Remove the gasket (18) and then remove
the seal (20).

b. Remove the retainer (16) and the piston
seat (17).

7. Remove the spring (15) from the cylinder
housing. '

8. The piston (8) and' floating piston (13) are
fastened together by a retainer ring (14).
Remove piston and floating piston assembly.

9. Remove the retainer ring (14) from the piston to

permit the removal of the floating piston (13)
and spring (10).

10. Remove the cup retainer (11) from the floating
piston (13). Remove the piston cup (12).

11. Remove the piston cups (7 and 9) from the
piston.

Inspection

Wash all parts thoroughly. Use 6lean brake fluid.

Make an inspection for wear and damage of all parts,
especially springs and pistons. Check the boot for
damage. Replace if necessary. Replace all piston
cups, back-up rings, o-rings and seals. Two repair
kits are available. See Parts Catalog. One is for the

~ master cylinder, the other is for the relief valve.

Use a soft copper wire as a probe to clean the
compensating and return ports in the master
cylinder. These ports can be seen through the filler
opening. Also clean the vent opening in the fiiler
cap.

Inspect cylinder bore for scoring or other damage.
Replace cylinder if there is damage.

Assembly

1. Install new piston cups (7 and 9) on the piston
(8). Install new piston cup (12) on the fioating
piston (13). Fasten the piston cup with the
retainer (11).

2. - Put the spring (10) into the piston (8). Instail the
floating piston over the spring.

3. By hand, push the floating piston (13), into the
bore of the piston (8) until the groove for the
retainer can be seen. Install the retainer ring
(14) into the groove.

4. Install the piston and floating piston assembly
into the cylinder housing (1).
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5. Assemble the primary piston by Installing a  10. Connect the tube (6) to the elbow (5) and the
new gasket (18), a new seal (20), the piston seat fitting block (24).
(17) and the retainer (16).

| Installation
6. Install the spring (15) and the assembled

primary piston into the cylinder body. 1. Align the master cylinder with the push rod on

the control linkage. Push the master cyinder on

7. Install the end plug (21). the push rod.

8. Assemble the gasket washer (24), the fitting 2
block (23) and the gasket (22) on the line bolt
(25). Install these parts on the end piug by
tightening the line boit. 3

Fasten the master cylinder to the frame with
three bolts and lock nuts.

Connect the brake line to the master cylinder.

Remove the air from the brake system. See

9. Install the relief valve (4) in the cylinder body. 4.
. Section 7102,

ROD
EXTENSION

MASTER
CYLINDER

PUSH
ROD

MOUNTING
BRACKET

~. ROLLER
%, ¢} BEARING (2)
/
BRAKE ;
OFFSET | & J'
A LEVER ! e
PEDAL RETURN -~ : '
SPRING o ] TT—YOKE
ROLLER ﬁ N
BEARING (2) o

~

% ROD
A / EXTENSION

BRAKE YOKE—Q NOTE: Adjust brake linkage yoke to get ¥ inch to 1
PEDAL inch (12.7 - 25.4 mm) free travel on pedal before
presisure stroke starts.

Figure 2. Brake Linkage and Master Cylinder
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SERVICING THE RELIEF VALVE

Disassembly

1. Remove the spring (3) and piston assembly (4)
from the vaive body (11).

2. Remove the o-rings (5, 6 and 7) and back-up
rings (8, 9 and 10) from the piston assembly (4).

3. Remove the cotter pin (12) to permit the removali

of the seal (13), washer (14), spring (15) and
metering pin (16).

Assembly

1.

Install the seal (13), washer (14) and spring (15)
on the valve body. Fasten the parts by installing
the cotter pin (12).

Install new o-rings (5, 6 and 7) and new back-up
rings (8, 9 and 10) on the piston. Make sure the
back-up rings and o-rings are installed
correctly. See Figure 3.

Install the metering pin (16) into the valve body.

Install the piston assembly (4) and spring (3)
into the valve housing.

Filler plug
O-ring
Spring

2-WHEEL STEER ONLY

Piston Assembly
O-ring

O-RINGS

O-ring
O-ring
Back-up ring
Back-up ring
Back-up ring
. Vaive body
. Cotter pin

. Seal

. Washer

. Spring

. Metering pin

-
PEENaNLLONS

- ok b wd b ah
DN SLON -

PISTON

E/[:l

BACK-UP RINGS

Figure 3. Relief Valve for the Brake Cylinder
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. Bleeder screw
. Bushings
. Plug

Bolt (quantity of 2)
Lockwasher
Backing plate
Brake shoes

$Shoe return spring
Spring retainer
Retainer

Spring

Rod

10. Wheel cylinder
11. Cylinder boot

12. Piston

13, Cuwp

14. Housing

18. Cylinder epring
16. Inlet gasket

17. Inlet titting

18. Bleeder screw

OONOALBN

Figure 1. Drum Brake (Front Axle)
Rockwell

Bolt
Clevis pin
Secondary plate
Brake pads
Spacers

Boot

Piston

O-ring

Clip pin
Housing

Figure 2. Disc Brake (Rear Axle)
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SERVICING THE WHEEL BRAKES

DRUM BRAKES (FRONT AXLE)
(Rockwell - Used with 2-Wheel Steer)

Disassembly

See Figure 1.

1. Remove wheels and brake drum.

2. Remove the spring retainer from the brake shoes.

3. Remove the shoe return spring from the brake
shoes.

- 4. Remove the rod, spring and retainers which
fasten the brake shoes to the backing plate.
Remove the brake shoes.

5. Ititis necessary to remove the wheel cylinder,
disconnect the hydraulic line. Then remove the
bolts and lockwashers which fasten the wheel
cylinder to the backing plate.

Inspection and Repair

The following parts must be carefully checked and
replaced as necessary.

1. Check backing plates for distortion and loose
rivets,

2. Check brake shoes for wear.

3. Check shoe return springs for corrosion or
distortion.

4.  Check the wear on the brake linings. If the
linings show severe wear especially on the
leading edge, replacement is necessary. Make
sure the lining surface is clean and dry, without
glaze.

5. Check the drums for cracks, grooves or other
damage. The drum bore can be machined if the
procedure will not increase the original
diameter of the bore by more than .080 inch
(2.03 mm). Original bore diameter is 12.50 inch
(317.5 mm).

6. Check the wheel cylinder for leaks. Boots that
have damage must be replaced.

7. It new brake shoe and lining assemblies are
being installed, or if brake drum has been
machined, check lining against brake drum. For
efficient braking, there must be a minimum
80% contact between lining and drum. If

necessary, circle grind the lining to get 80%

contact. :

Assembly

1. Fasten the wheel cylinder to backing plate with
two bolts and lockwashers. Connect the
hydraulic line.

2. Putthe rod end of the brake shoe into the wheel
cylinder. Align brake shoe to install the rod.
Install the retainers and spring to the rod.

3. Install other brake shoe. See instructions in
step 2

4. Install the shoe return spring. Put hook in one
brake shoe and pull the spring until the other
hook can be installed in other shoe.

5. Install the spring retainer.

DISC BRAKES (REAR AXLE)

Disassembly

NOTE: It is not necessary to disassemble the disé
brake to replace the two brake pads. See
“Replacement of Brake Pads".

See Figure 2.

1.  Remove the wheel and tire.

2. Disconnect the brake line at the disc brake. Put
a cap on the brake line.

3. Remove the two clip pins (9) and the two clevis
pins (2). Then remove the four bolts (1),
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4. Remove the secondary plate (3), the brake pads
(4) and the spacers (5).

5. Remove the housing (10) from the steering
knuckle of the axle.

6. Remove the boot (6) and piston (7) from the
housing.

7. Remove and discard the o-ring (8).
Assembly
1. Replace o-ring (8) in housing (10).

2. Install the piston (7) and new boot (6) in the
housing. :

3. Install the housing on the two studs on the
steering knuckle of the axle.

7.

Install the sbacers (5) and the secondary plate
with the four bolts (1). Tighten the bolts to a
torque of 45-50 Ib-ft (62-68 Nm).

Install the brake pads (4) on both sides of the
disc. Install the clevis pins (2) and clip pins (9).

Connect the brake line and remove the air in the
brake line. See instructions, Section 6102.

Install tire and wheel.

Replacement of Brake Pads

1.

2.

Remove the wheel and tire.

Remove the two clips (9) and the two clevis pins
(2). The brake pads can now be removed from
both sides of the brake disc.

SERVICING THE WHEEL CYLINDERS

Disassembly

1. It is not necessary to remove cylinder body
unless replacement is necessary.

2. Remove brake shoe and lining assemblies. See
page 7121-3.

3. Remove rubber boot.

4. Apply brake pedal to push piston(s) out of
cylinder bore.

5. Remove and discard cup from piston.

Inspection

1. Check piston for pitting or damage to chrome
plate. Replace piston if there is pitting or
damage.

2. Inspect cylinder bore for scoring, grooves,

pitting, corrosion or damage. Replace as
necessary.

Assembly

1.

Instal! new seal cup on piston. Lubricate with
clean hydraulic brake fluid and install piston
assembly into cylinder.

install rubber boot.

Install brake shoes. See page 7121-3.

Remove air from brake line and cylinder. See
Section 7102,

j Y
W

Figure 3. Wheel Cylinder

s
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LUBRICATION/ADJUSTMENT

General

The parking brake is a mechanical brake which includes a
brake lever in the cab, connected to disc brake on the
transmission.

IMPORTANT: Do not apply the parking brake when the
machine is moving. The parking brake has a high holding
capacity, but low energy absorption capacity. The brake
linings will heat rapidly under rotating friction.

- The parking brake is not made to be an emergency brake,
but only to hold the machine in a park condition. When
applied, the brake stops the drive shaft. Using this brake
to stop the crane while moving can become dangerous,
because the applied force will not be equal on each wheel.

Lubrication

Weekly or every 50 hour interval, il the clevis at the brake

end of the cable and at the base of the lever. See Figure
1.
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Figure 1.

Adjustment

It is important that the parking brake is correctly adjusted
to prevent movement of the machine. Two adjustments are
possible: ‘

Parking Brake Lever Adjustment

In the cab, turn the knob on the brake lever (Figure 2)
clockwise to increase tension on the brake linkage.
Correctly, adjusted, approximately 50 pounds (23 kg) of
force will be be needed to engage the brake handle.

RAKE LEVER TENSION
DJUSTING KNOB

Figure 2.
Disc Brake Adjustment

WARNING: P oo oty oy g

; T
FRN| | A A N

on level ground Put chocks cach side of all

four wheels. Remove the ignition key. [f
these precautions are not taken the
machine could could run over you.

If brake lever can not be adjusted to hold the crane, it may

be necessary to adjust the parking brake disc pads.

NOTE: Before you adjust the disc brake, inspect the
transmission brake disc for rough areas or scoring.
Replace the disc if damage is found. Inspect the brake disc
pads and replace if the disc thickpess is 0.125 inch (3 mm)
or less. ’

NOTE: !f the parking brake is used to stop the machine in
an emergency situation, inspect the brake for wear and if
necessary replace or repair.




1. Engage parking brake lever in the cab. Check that the
pads just touch the disc, shown in A, Figure 3.

2. If necessary, adjust the pad position by turning nut
(B) until the disc is clamped, then back off nut (B) until
the pads just touch the disc.

3.  Apply the parking brake firmly three times and repeat
step 1.

7127-3

Figure 3.

SERVICING THE PARKING BRAKE

Removal/lnstallation

1. Disconnect the brake control cable from parking
brake lever 74, Figure 4).

2. Loosen adjusting nut (3).

Remove bolts (1). Remove the brake a:s;éembly and
shims (21 and 22),

4. Install in reverse order. Fit shims (21 & 22, Figure 4)

between mounting bracket (17) and caliper bracket
'(16) as necessary to align the parking brake caliper
assembly centerline to within .020 inches (0.5 mm) of
the brake disc centerline. Tighten bolts (1) to 87 ib-ft.
(118 Nm).

Replacing Brake Disc Pads

1. Loosen adjusting nut (B, Figure 3) far enough to
remove brake disc pads.

2. Loosen nuts (C) and slide brake disc pads out
~ between arms and transmission brake disc .

3. Install new brake disc pads. Tighten nut (C) to 4.4
ib-ft. (6 Nm).

4. Adjust the pads as described under "Disc Brake
Adjustment,” page 7127-1.

5.  Adjustbrake lever knob in cab. See "Adjustment®, on
page 7127-1.

Disassembly/Assembly

Use Figure 4 as a guide in disassembling the brake.
For assembly the sequence is reversed.

When Disassembling

To disassemble the parking brake caliper assembly, the
tension spring (14, Figure 4) must be released; apply and
keep pressure to item 3, remove items 10 and 11. Allow
the spring to open out to its full travel by slowly releasing
hand pressure on item 3. )

When Assembling

Replace pads if thickness of lining material is less than
0.125 inches (3.00 mm).

Lightly grease all pivots and working surfaces, taking care
not to allow grease to contact the brake pads.

Tighten nut (23) sufficiently to permit lever (4) free
movement with minimum side clearance.

&
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1. Brake Assembly
2. Adjusting Arm
3. Seal Pivot

4. Lever

5. Brake Pad Kit (Includes items 6
and 7)

6. Bolt (2)

7. Nut (2)

8. Pivot Pin

9. Adjusting Pull Rod
10. Spherical Washer
11. Nut (4)

12. Bolt

13. Safety Clip (2)

14. Torsion Spring
15. Retaining Pin (2)
16. Body

17. Mounting Bracket
18. Dowl Bolt (2)

18. Transmission Brake Disc
20. Bolt (3)

21. Shim - 0.5 mm (2)
22. Shim - 1.5 mm (2)
23. Nut

21

Figure 3. Parking Brake Assembly

19
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MAINTENANCE

General

The components of the hydraulic system are
precision mechanisms. Damage can easily be
caused by particles of dirt or foreign material in the
oil. Overheating of the oil, loss of oil or air in_the oil
will also cause problems. Regular maintenance of
the system is important to prevent permanent
damage to the hydraulic components.

HYDRAULIC
" FILTER

FUEL TANK ¥
Oil Level REF.

Check the oil before each period of operation. For
correct indication of the level of the oil in the
hydraulic oil tank:

1. The rﬁachine must be level. . ! Figure 1. Location of Hydraulic Filter

2. Boom must be fully retracted and lowered.
3. The outriggers must be retracted.

The oil in the hydraulic oil tank must be at the
bottom of the filler screen. For oil recommencdation,
see Section 1050. . HEAD

A
//% _~SPRING .
@ HOUSING

NOTE: If the oil leve!l is low, check for leaks in the
system. Look for oil on the ground and for dark areas O-RING
around fittings and connections.

cloth. These particles will enter the system and

INDICATOR
IMPORTANT: Never use cloth as a filter for the
hydraulic oil. The oil will remove particles of the O-RING
cause possible restriction of the valves. @

WASHER
__—-BOLT

After the. first 20 hours of operation, replace the .
hydraulic oil filter. Then replace the hydraulic oil Figure 2. Hydraulic Oil Filter .
filter every two months or 500 hours of operation.

Oil Filter

The hydraulic oil fiiter is near the fuel tank. For
access to the hydraulic oil filter, remove the side
cover in the fuel tank area. See Figure 1.




To replace the hydraulic oil filter:

1. Apply a vacuum (10 inches of mercury max.) to

~ the hydraulic oil tank through tank cap
filler/breather opening or remove the hydraulic oil
from the tank before opening the filter.

2. Loosen the center bolt. Remove the filter
housing and filter element.

3. Install new filter element.

4. Check the o-ring in the filter head and the seal
washer on the center bolt. Replace if damage is
found.

5. Assemble filter element and filter housing to
filter head. Tighten the center bolt to a torque of
20 Ib-ft (30 Nm),

Procedure to Change Hydraulic Oil

Change hydraulic oil in the hydraulic system every 6
months or 1500 hours of operation.

1. Operate the hydraulic system until the
hydraulic oil is at operating temperature (170°
F, 77° C).

2. ‘Fully retract and lower the boom. Retract the |

outriggers. Stop the engine.

3. Remove the drain plug from botiom of the
hydraulic oil tank,

4.  When the tank is empty, disconnect the hydraulic
lines from the bottom of the hydraulic oil tank. Clean
inside the tank to remove dirt and other sediment.

5.  Connect the hydraulic lines to the bottom of the
hydraulic tank. Install the drain plug.

8201-3

Figure 3. Locatibn of Drain Plug
on Hydraulic Oil Tank

6. Replace the hydraulic oil filter in ‘the hydraulic

Iines. See page 8201-2.

7. Fill the hydraulic oil tank with new hydraulic oil

of the correct type. See Hydraulic Ol
Recommendations, Section 1050.

8. After the tank is filled, start the engine and

engage the accelerator for approximately 1000 .
rpm. Operate each hydraulic function until all
cylinders and lines are filled. Add oil to the
hydraulic oil tank as necessary. Check for leaks
in the filter mountings.

FILLER <
SCREEN~

3 o Plva

Figure 4. Hydraulic Oil Tank
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SERVICING THE HYDRAULIC SYSTEM

Procedure to Flush the System

If foreign materiai, metal particles or dirt are found in
the hydraulic oil, flush the hydraulic system to
remove these particles to prevent damage to the
hydraulic components.

- 1. Completely remove the oil from the hydraulic
system. Remove and clean the hydraulic 'oil
tank with steam or solvent. Clean the screen.
MAKE SURE THE HYDRAULIC TANK IS CLEAN.

2. Replace the hydraulic filter in the hydraulic line,

3.  Remove, disassemble and clean the motors and
cylinders. Replace any parts with damage.
Install new seals during assembly.

4. Install the hydraulic oil tank and the pump. Fili
the hydraulic oil tank with a mixture of 12 No. 1
diesel fuel and %2 motor oil. The oil must be
added as a lubricant for the pumps during
flushing. Fill the pump with motor oil and diesel
fuel mixture before you connect the high
pressure lines.

5. Do not connect the motors or cylinders into the
hydraulic system at this time. Use hoses to join
the hydraulic lines at the motors and cylinders
so the oil will flow around the motors and
cylinders,

6. When all circuits are connected for flushing,
start the engine and push the accelerator pedal
until engine speed is approximately 1500 rpm
and no higher than 1800 rpm. If a new or rebuiit
pump is installed follow the run-in procedure
for the pump. See Section 8205.

7. Flush each circuit in the hydraulic system
separately. Operate each control for two
minutes in each direction. Operate all controls,
one at a time, until the system has been
thoroughly flushed. Repeat this cycle for a
minimum of 1 hour.

8. When the hydraulic system has beén
thoroughly flushed, clean the hydraulic system
completely. Make sure the mixture used for

flushing is completely removed from all
circuits. »

9. Remove, disassemble and clean the hydraulic

- swivel and all hydraulic control valves. Make
any necessary repairs and install new seals
during assembly.

10. Change the hydraulic oil filter. Make sure the
filter housing and filter head are clean before
you install the new element.

11. Install all components into the hydraulic
system. Remove the hoses used for flushing.

.12. Fill the hydraulic oil tank with new hydraulic oil.

See Hydraulic Qil Recommendations, Section
1050. ‘

IMPORTANT: Use a screen (200 mesh or finer) as a
filter when you fill the hydraulic oil tank. All foreign
material must be kept out of the system.

13. Start the engine and push the accelerator pedal
until engine speed is approximately 1000 rpm.
Slowly actuate each hydraulic control to fill the
hydraulic lines and cylinders with hydraulic oil.
Add hydraulic oil to the tank as necessary
during this procedure to be sure there is
enough hydraulic oil to the pumps. Operate the
control for each circuit several times in each
direction.

14. Stop the engine. Check for leaks in the system,
Check the hydraulic oil level in the hydraulic
tank and add hydraulic oil as necessary. The
system is ready for operation.

Hydraulic Fittings

All hydraulic fittings must be tight to prevent loss of
oil and keep air and dirt out of the system. When you
connect any hydraulic lines, make sure the
connections are clean and tight. To prevent leakage
of straight thread fittings 1.062"-12 (.7500 tube) or
larger, use Loctite or pipe compound on the threads
of the fittings. Do not let any compound get into the
system.




Procedure to Remove Air from the Hydraulic
System

Air in the hydraulic system will cause corrosion and
other damage to the precision components of the
system. Air can enter the system when hydraulic
lines or components are disconnected, when the
hydraulic oil is changed, or through loose
connections or bad seals.

Large amounts of air in the system will cause slow
movement, noise and loss of hydraulic power to the
actuators. For smooth operation of the hydraulic
system, air must be kept out of the hydraulic system.
Foaming oil in the hydraulic oil tank is normally an
indication that air is entering the system.

1. Start the engine and push the accelerator pedal
until engine speed is approximately 1000 rpm or

8201-5

lower. Slow engine speeds will remove the air
more rapidly than faster speeds.

2. Extend and retract the boom fully several times.
Check for foam in the hydraulic oil tank.

3. Repeat this procedure for the hoist and
outrigger cylinders.

4. Repeat the entire procedure for a minimum of
Y2 hour or until the hydraulic oil does not have
foam. ‘

If the movement of the oil continues to cause foam,
either the wrong type of oil is being used, or there is
a leak in the system. Check for bad o-ring or loose
connection at the pump inlet. Change oil if
necessary and repeat the procedure to see if the
problem is corrected. Check for leaks in each circuit.
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SPECIFICATIONS

Hydraulic Pressures
Main Relief No. 1
Main Relief No. 1
Steering Relief
Hoist Holding Valve
Crowd Holding Vaive
Winch Holding Valve

Rated Pump Output at 2200 rpm
Section No. 1 (front)
Section No. 2 (rear)

...............................

.................................

.............................

.............................

.............................

.............................

........ ceeeecesaaaeo.. ... 2500 psi (17 230 kPa)
............................. 2500 psi (17 230 kPa)
................................ See Section 5002
.................................... Do not adjust
e R Do not adjust
e Do not adjust

.............................. 30 gpm (113.6 L/min)
............. Y - | gpm (79.5 L/min)

GENERAL DESCRIPTION

General

A hydraulic system uses liquid to make a transfer of
force. Any force on a confined liquid is applied to
any point in the system that the liquid reaches. Oil is
normally used as the liquid for the system because
the liquid must also be a lubricant for the
components of the system.

There are several main components in a hydraulic
system. Each component has a specific function in
the system.

The pump moves the oil through the system. It is
important to remember that the pump causes the
flow, not the pressure in the system. Pressure is
caused by any resistance to the flow. This resistance
can be external (for example, a load on the cylinder or
motor), or internal (the resistance of the components
of the system). Pressure increases as the resistance
to the flow increases. The pump will continue to
push more oil into the system until the resistance is
overcome or the relief valve opens.

Valves are used to control the flow, pressure,
direction and volume of oil in the system. There are
many different types of valves. An explanation of the
different valves used on this machine is given in the
description of each circuit.

Filters remove the dirt and particles of foreign
material from the oil in the system. The oil in the
system must be kept clean to prevent damage to the
pump, cylinders, valves and other precision
components of the system.

Motors and Cylinders are the actuators or working
tools of the system. In the motors and cylinders,
hydraulic energy is changed into mechanical force
(rotary or straight line movement).

The Hydraulic Oil Tank has three important functions:
Storage, Cooling, and Supply of oil to the pumps.
Because piston rods take space in the cylinders, the
level of the oil in the tank will be higher when ail
cylinders are retracted that when all cylinders are
extended.

To understand how a hydraulic system works, it is
important to understand the following words.

The Flow of fluid through the system is caused by
the pump. The amount of fluid which is sent to a
circuit or actuator generally controls the speed of
that function. The flow is measured in gpm (gallons

. per minute) or L/min (litres per minute).

&
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Pressure is caused by any resistance to the flow of
the oil. Pressure is normally measured in psi (pounds
per square inch) or kPa (kiloPascals). There are four
general types of pressure:

1. High Pressure, which is normally the result of an
external load on the system.

2. Low Pressure, normally the result of the internal
resistance of the components in the system.

3. ' Static Pressure, where the oil is closed in a
circuit between two components. There is no
movement of the oil, but there is pressure on
the oil, normally because there is an external

. load on the circuit.

4. Series Pressure, which is found where cil is
confined between components in a series
arrangement, for example when the rod port of
one cylinder is connected to the base port of
another cylinder. Movement of either cylinder
will cause movement of the other cylinder.

Hydraulic System

There are three hydraulic systems on this machine.
Information on the hydraulic systems for the
transmission and steering is found in Sections 6102
and 5002. Only the main hydraulic system is
included in this section. The main hydraulic system
is a closed system, except for the hydraulic oil tank,
which is under atmospheric pressure. The main
hydraulic system gives hydraulic power to:

The swing motor

The main winch motor

The auxiliary winch motor

The boom cylinders

The front and rear outrigger cylinders

ol

The hydraulic components on the boom and mast

are connected to the hydraulic components on the

lower structure through the hydraulic swivel. The
hydraulic swivel is at the center of rotation of the
mast. The design of the hydraulic swivel permits
operation of the hydraulic functions through full
rotation of the mast,

TROUBLESHOOTING

To find a problem in the hydraulic system with
minimum loss of time, use the following aids and
procedures.

Troubleshooting Aids

1. Hydraulic schematic - an exact illustration of the
arrangement of the system. The schematic
shows all of the components in relation to the
system. The ability to understand the
schematic is important to good trouble-
shooting.

2. Flow meter - an instrument that can be
connected into the system to measure the flow
of oil in the system. The flow is measured in
gallons per minute (gpm) or litres per minute
(L/m). Normally, the flow meter is used to check
the output of the pump. The flow meter can also
be used to find the location of leakage or
restriction in the system. Instructions for
installation and the use of the flow meter are
normally included with the flow meter.

3. Pressure Gauge - an instrument for
measurement of the pressure in the system.
This indication is normally given in pounds per
square inch (psi) or kiloPascals (kPa). On this
machine, quick couplers are installed in the
pressure lines from the pumps. Pressures taken
at these locations will give indication of
operating pressure or relief pressure.

Troubleshooting Procedures

- For good troubleshooting, a step by step analysis of

the problem and the possible causes is necessary.
First, find the symptoms.

1. Check with the operator. Learn if there was a
loss of power (machine did not move the load)
or a loss of speed (slow cycle time). .

2. Learnif the probiem is common to all circuits or
if found in one or two circuits.
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Troubleshooting (Con’t.)

3. Make a visual inspection. Look for restriction in
the linkages, low level of oil in the hydraulic oil
tank, bent tubes or hoses, leakage around the
hydraulic components, etc.

Second, make an analysis of symptoms. The
function of each component in the system must be
known before a correct analysis can be made. An
explanation of the function and operation of each
component can be found in the remaining pages of
this section.

Remember:

1. If a problem is common to all circuits, the
component which is causing the problem must
also be common to all circuits. Examples are:
the engine, pump, hydraulic oil tank and filters.

2. If the problem is common to only two or three

circuits, the component which is causing the

- problem must be common to those two or three

circuits. Examples are: pump section, relief
valve, hydraulic swivel, etc.

8202-7

3. If a problem is in only one circuit, then the

component which is causing the problem must
be in that circuit. Examples are: valve section,
cylinder or motor.

Again, use the schematic. Find which components
are in the circuit or circuits. What component can

~cause a problem with these symptoms? Make a list

of the possible causes. Start at the source of the
flow in that circuit. If the problem is in all circuits,
start at the pump. Know the direction of the oil flow
through each circuit.

Use the flowmeter and the pressure gauge to check
your diagnosis of the problem. Start at the source of
the flow and check each component in sequence
until the exact location of the problem is found.

If the problem is in two or three circuits, check each
circuit separately. After a circuit is checked, use
caps or plugs to remove that circuit from the system.
Continue to the next circuit down the line until the
problem is found.

IMPORTANT: Do not remove the main relief valve
from the circuit. The relief must be kept in the circuit
to prevent damage to the pump and other
components.




8202-3

-

TROUBLESHOOTING GUIDE — HYDRAULIC SYSTEM

PROBLEM

POSSIBLE CAUSE

REMEDY

Noise (abo{'e normai)

Air in system.

Low oil supply.
Restriction in pump inlet line.
Dirty oil.

Loose clamps, vibration of hydraulic

| lines.

Dirt or foreign material in relief
valve,

Broken control spool.

Pump bearings worn.

With engine at fow rpm, operate all
functions several times to return air to
atmosphere through the tank breather.

Add oil. Section 8201.

Remove and clean inlet line to pump.
Change oil and filters. Section 8201.
Check and tighten.

Clean or replace relief valve.

Replace valve. Section 8207.
Replace. Section 8205.

Slow operating
speeds

Low engine rpm.

Air leak in pump inlet line.
Air in the oil (foam in tank).

Leakage in relief valve.
Leakage in hydraulic swivel.

Control valve not fully actuated.
Bad pump.

Increase engine rpm.

Tighten pump inlet line. Replace o-ring in
inlet flange.

Check oil level, look for leaks in the
system.

Remove and clean or replace relief valve,

Replace seals on swivel shaft. Section
8218.

Check spool travel. Section 8207.
Overhaul or replacement. Section 8205.

No movement when
system is first started

Low oil level.

Air or restriction in inlet line to
pump.

Cold oil or wrong weight of oil.

Check oil supply.
Check and tighten inlet line.

Use correct oil, follow normal warming
procedure.

- Loss of movement
during operation

Low oil level.

Vacuum in hydraulic tank.

Restriction or leakage in relief valve.
Broken hydrualic line.

Bad seal in hydraulic swivel.

Broken gear or shaft in pump.

Check and add oil.

Clean tank cap filler/breather
Clean or replace relief vaive.
Replace.

Replace seals. Section 8218,
Replace. Section 8205.

Overheating of
hydraulic oil

Wrong operation (running over relief
pressure for long periods).

Dirty filters.

Change procedure of operation.

Change filter. Section 8201.
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TROUBLESHOOTING GUIDE — HYDRAULIC SYSTEM (CON’T.) .

PROBLEM

POSSIBLE CAUSE

REMEDY

Overheating of
hydraulic oil (Con't.)

Oil too light.
Low oil level.
Dirty oll,

Use correct oil.
Check and add oil.
Change oil and filters. Section 8201.

Foam in hydraulic oil
tank

Leak in system.
Wrong type of oil.
Low oil level.

Bad seal on pump, motor or
cylinder,

Check o-ring on pump inlet.
Use correct oil.

Check and add oil.
Overhaul.

Short life of pump
bearings, shafts, etc.

Dirty oil,
Wrong type of oil.

Change oil and filter more frequently.
Use correct oil.

Pump leakage
(external)

Bad seal on pump shaft.
Bad o-ring between pump sections.

Replace shaft seal. Section 8205.
Replace o-ring. Section 8205.

Difficult to engage

Restriction in control linkages.

Check and correct.

valve spools. Dirt or foreign material between Remove and clean valve spool and bore.
valye spool and valve bore.
Loose mounting bolts. Tighten boits to correct torque. Section

8207. A
Broken spring (spool return). Replace spring.
Distortion or damage to valve spool.| Replace complete valve.
TROUBLESHOOTING GUIDE — HOIST CIRCUIT
PROBLEM POSSIBLE CAUSE REMEDY

Hoist cylinder does
not extend or retract

Control valve not actuated.

Not enough oil from pump to
Operate cylinder.

Bad leak in hydraulic swivel.

Main relief held open by dirt on
vaive seat.

Check linkage to the control vaive.

See “Loss of Movement during
Operation”.

Replace seals in hydraulic swivel.
Section 8218.

Disassemble and clean main relief.
Section 8207.

Cylinder, extends, but
does not retract

Restriction in linkage to control
vaive.

Malfunction of holding
valve,

Check and correct.

Replace holding vaive, DO NOT
ADJUST. '
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TROUBLESHOOTING GUIDE — HOIST CIRCUIT (CON’T.)

PROBLEM:

POSSIBLE CAUSE

REMEDY

Boom moves slowly
downward when
control valve is in
NEUTRAL position

Internal leakage in cylinder.

Leakage in holding valve.

Spool not in neutral position.

Replace seals on piston. Section 8290.

Replace holding valve. DO NOT
ADJUST. -

 Linkage binding or centering spring

broken.

Cylinders retract in a
jerking movement

Low engine rpm.

Not enough oil from pump to fiil rod
of cylinder.

Air in cylinder.

Increase engine speed.

Check pump output and for leakage in
the center swivel.

Remove air from rod end of cylinder.

TROUBLESHOOTING GUIDE — CROWD CIRCUIT

PROBLEM'

POSSIBLE CAUSE

REMEDY

Cylinders will not
extend boom under
load

Restriction in boom sections.

Load too heavy.

Bad pump.

Leakage in center swivel.

Main relief malfunction.

Dirt or restriction in main relief.

Clean and apply lubrication to boom
slides.

Reduce load.

Overhaul or replacement.
Replace seals in center swivei.
Check main relief pressure.
Disassembie and clean.

Boom extends, but
will not retract

Restriction in linkage to the control

valve.

Malfunction in holding
valve.

Check and correct.

Replace holding valve. DO NOT
ADJUST.

Boom constantly gets
out-of-sequence

Restriction in boom sections.

Packing bad in cylinders.

Clean and lubricate boom slides. Section
1050.

Repair cylinder. Section 8290.

TROUBLESHOOTING GUiDE — OUTRIGGER HYDRAULIC CIRCUITS

PROBLEM POSSIBLE CAUSE REMEDY
No movement, all Electrical problem (fuse, bad See Electrical System, Section 4002.
outriggers solenoid, etc.).

Dirt or restriction in dump valve in
outrigger valve.

If this problem also is found in the

crowd and swing circuits, the cause
is probably dirt in the relief valve or
a bad pump (broken drive shaft, etc.).

Clean or replace solenoid valve.

Disassemble and clean the relief valve.
Replace or make repairs to pump.
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TROUBLESHOOTING GUIDE — OUTRIGGER HYDRAULIC CIRCUITS (CON'D.)

PROBLEM POSSIBLE CAUSE REMEDY
Siow movement, all Low engine rpm. Increase engine speed.
outriggers

Solenoid vaive on outrigger valve
section not fully actuated.

Leakage in relief valve,

Bad pump.

Check for restriction or binding in
solenoid valve.

Clean or replace relief valve. Section
8207.

Replacement or overhaul. Section 8205.

Outriggers extend,
but do not retract, or
vice versa

Problem in electrical circuit.

See Electrical System, Section 4002.

TROUBLESHOOTING GUIDE — MAIN WINCH CIRCUIT

PROBLEM

POSSIBLE CAUSE

REMEDY

Winch will not lift
maximum (rated)
load, considerable
reduction in line
speed

Main relief malfunction.

Dirt in main relief, keeping the valve
off the valve seat.

Not enough oil from pump.

Malfunction or damage to winch
components.

Internal leakage in winch motor.

-Check main relief pressure, page

8202-15.

Remove and clean the relief valve.
Section 8207.

See “Main Hydraulic System".
Overhaul of winch. Section 9213.

Replace or repair winch motor. Section
8213.

Reverse speed is
slower than forward
speed

Restriction in linkage to control
valve.

Malfunction of holding valve.

Check the travel on the valve spool. The
travel must be the same in both -
directions.

Replace cartridge of holding valve.

Motor will not hold the
ioad when the control
lever is in neutral - load
drops rapidly

Overload condition.
Holding valve setting too low.

Malfunction of holding valve.

Decrease the load.

Check holding valve setting, Section
8213.

Replace cartridge of holding valve.

Motor will not hold the
load when the control
lever is in neutral - load
drifts down slowly

Overload condition.

Brake pressure set to high (not holding).

Check brake condition, pressure setting.

Winch does not move

Brake not releasing.

Check brake condition, pressure setting.




8202-12

TROUBLESHOOTING GUIDE — OUTRIGGER HYDRAULIC CIRCUITS (CON'T.)

PROBLEM

POSSIBLE CAUSE

REMEDY

Outriggers on only
one side do not
operate

Bad solenoid or open circuit to
solenoid (loose wire, etc.).

Restriction or dirt between valve
spool and housing.

Internal leakage in cylinder.

See Electrical System, Section 4002.
Remove and clean valve spool.

'Replace piston seals. Section 8290.

.Outrigger jack
cylinder extends,

Bad lock valve in base of cylinder.

Bad solencid or open electrical

Replace lock valve.

See Electrical System, Section 4002. ‘

cylinder does not
hoid undeg load

cylinder. '

. Internal leakage in cylinder.

- but will not circuit to solenoid.
retract
Outrigger jack Leakage in lock valve on base of Clean or replace lock vaive.

Replace piston seals.

TROUBLESHOOTING GUIDE — SWING CIRCUIT

PROBLEM

POSSIBLE CAUSE

REMEDY

Mast will not rotate
when swing control is
engaged

Shaft between motor and gearbox
broken.

Broken drive gear. |

No oil to swing control valve,

caused by:

a. Bad pump.

b. Relief valve held open by dirt or
foreign material.

Replace.

Overhaul or replacement of gearbox.
Section 9210.

Check amount of oil available at control

valve:

a. Overhaul or replacement.

b. Clean or replace relief valve, check
and adjust pressure.

Difficult or slow
swing

Restriction in linkage to valve,
preventing full travel of the valve
spool,

Friction or restriction in mast
bearing.

Leakage in circuit or components.

Check travel on valve spool. The distance

must be the same in both directions.

See Section 9216.

Check and correct.
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TESTS AND CHECKS

General .

Oil is available to the inlet of both sections of the
pump from the hydraulic oil tank. The first pump
(nearest to the engine) moves the oil to the Inlet of
the single spool valve near the fuel tank. Here the oil
is available to operate the main winch. Hydraulic oil
which returns from this control valve is sent through
a manifold to the hydraulic oil filter. From the
hydraulic oil filter, the hydraulic oil returns to the
hydraulic oil tank.

. The second section of the hydraulic pump pushes oil to
the multiple spool valve farthest from the fuel tank.At
this valve, the oil is available to operate the functions of
the hoist, crowd, swing and, via a priority flow divider, to
the steering orbitrol. Hydraulic oil which returns from
these functions is sent through the manifold to the
hydraulic filter, then back to tank.

The outlet of the multiple spool valve has an
additional port which makes oil under pressure
available to the outrigger solenoid valve bank. Qil
from the outrigger valve returns through the
manifoid and the hydraulic filter to tank,

Hydraulic Pump

The main hydraulic pump is a gear pump with two
sections. The drive gears of both gear sets turn the
drive shaft. When the gears turn, oil from the inlet
side of the hydraulic pump is moved around the
- outside of the gears to the outlet side.

The inlet side of the hydraulic pump is under low
pressure. The outlet side is normally under high
pressure. Pressure from the outlet side of the pump
pushes the pressure plates against the gears to
prevent internal leakage or bypass in the hydraulic

pump.

Lubrication of internal components is given through
passages in the hydraulic pump body and grooves In
the pressure plates. A lip seal on the drive shaft and
o-rings between the sections prevent external
leakage in the hydraulic pump.

Il HIGH PRESSURE

LOW PRESSURE

Figure 1. Typical Gear Pump — Cross Section View
Test — Pump Output

To check the output of the hydraulic pump, use a 100
gpm flowmeter. Follow the instructions in the
manual for the flowmeter. For‘rated output, see page

- 8202-3.

NOTE: All flow tests must be taken when the
temperature of the hydraulic oil is 130-150° F (54-65°
C).

To check the efficiency of the pump, use the
following procedure:

1. Connect a flowmeter between the pump and
the control valve according to the instructions
in the flowmeter manual. Make sure the needle
valve of the flowmeter is fully open.

2. Start the engine and push the accelerator pedal
until engine is at maximum rpm. Wait until the
temperature of the hydraulic oil is 130° F (54°
C) minimum.

3. Slowly close the needle valve of the flowmeter
until the pressure is 2500 psi (17 230 kPa).

4, Read the amount of the flow on the flowmeter.
Make a record of the flow and the engine rpm.
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5. Fully open the needle valve of the flowmeter.

6. Push the accelerator pedal until engine is at the
same speed on the engine tachometer as in
step 4. Read the amount of flow on the
flowmeter. Make a record of the flow.

7. Compare the results to find the efficiency of the .

pump. Fiow at 2000 psi
PERCENT OF PUMP = (13 800 kPa) x 100
EFFICIENCY Flow at O psi (0 kPa)

8. If the pump is less than 80% efficient, repair or
replacement is necessary.

AETURN et CONTROL
HYDRAULIC TO TANK VALVE
OIL TANK
FLOW
METER
A l FLOWMETER OUTLET
FLOWMETER INLET LINE X
K VALVE INLET
X
HYDRAULIC
PUMP
1 PUMP OUTLET

HYDRAULIC
PUMP

pO~ FLOWMETER

Figure 2. Typical Connection for Flowmeter

Main Relief Valves

Each pump circuit has a main relief valve. The
location of the main relief valves is in the inlet of the
main control valves, Figure 3. The relief valve is
between the center or pump passage and the tank
passage in the control valve.

The purpose of the main relief valve is to control the
maximum pressure in the hydraulic pump circuit.
Pressure in the system increases as the resistance
to the flow of hydraulic oil increases. The hydraulic
pump operates constantly and will continue to push
more hydraulic oil into the system. When this flow of
hydraulic oil is stopped at any point in the system,

pressure increases very rapidly, The relief valve
opens and lets the hydraulic oil from the hydraulic
pump return to the hydraulic oil tank when pressure
reaches the maximum limit.

Remember, pressure in a hydraulic system is applied
to every component in contact with the hydraulic oil.
For example, pressure will increase when a cylinder
rod reaches the end of the cylinder. This pressure
will have an effect on every component between that
cylinder and the hydraulic pump. Without a relief
valve in the circuit, the high pressure can easily
break the hydraulic pump, a hydraulic line or other

. component in that circuit.




The main relief valve for pump circuit No. 1 is in the

control valve for MAIN WINCH, Figure 3. The main
relief valve for pump circuit No. 2 is in the control
valve for HOIST, CROWD, SWING and OPTIONAL

WINCH. Both relief valves are set at 2500 psi (17 230
kPa).

MAIN MAIN
RELIEF RELIEF
VALVE VALVE

@"‘9:
OOf

Figure 3. Location of Main Relief Valves

Procedure to Test the Main Relief Valves

1.

IMPORTANT: The oil must be at operating
temperature (120 - 130° F, 49 - 55° C).

Install a 0-5000 psi pressure gauge on the quick
coupler in the pump circuit being tested. See
Figure 3.

MAIN
RELIEF
VALVE

8202-15

Operate the engine at maximum rpm.

Use the hoist or crowd cylinder to put ‘pump
circuit No. 2 over relief pressure.

a. Fully retract the cylinder. Continue to hold
the control in position after the cylinder
has stopped.

b. Read the pressure on the pressure gauge
when the relief valve opens.

C. Release the control.

To test relief pressure in pump circuit No. 1, it
is necessary to remove two hydraulic lines from
“A" and “B” port adapters. Put steel caps on
the adapters. Then test the pressure.

Adjustment: The correct pressure is 2500 = 50 psi
(17 230 + 340 kPa).

1.

If the reading on the pressure gauge is higher or
lower than 2500 + 50 psi (17 230 kPa), remove
the relief valve cartridge and check for foreign
material and wear. Check that the relief valve
cartridge is aligned with the seat for the relief
valve cartridge. See Section 8207.

Again follow the procedure to check the relief
valve. If the reading on the pressure gauge is
not 2500 + 50 psi (17 230 kPa), replace the relief
valve cartridge.

-

Ar

¢ "

4l *)
-

i e

Q

A
]

O

‘Figure 4. Installation of Main Relief Valve
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HYDRAULIC
OIL TANK

PRESSURE TEST .

/ : CONNECTION
/ ‘

MAIN CONTROL
VALVES

Figure S. Supply Lines ~ Pump to Control Valves
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HYDRAULIC
OIL TANK

RETURN LINE

FROM OUTRIGGER
SOLENOID VALVE
(See Section 8209)

\
MANIFOLD
HYDRAULIC s |
OIL FILTER !

HIGH PRESSURE
CARRYOVER TO
OUTRIGGER VALVE
(See Section 8209)

MAIN CONTROL
VALVES

Figure 6. Roturn Lines - Control Valves it;o Tank
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SPECIFICATIONS
Pump rotation (as seenfromshaftend)................c.ooovve oo, counterclockwise
Gear size and displacement per revolution ‘
Frontset........ e et ettt ettt et et 2.94 in%/rev
Rearset............................. e, ettt ettt aean, 1.41 in3/rev
Special Torques
Studnuts-frontsection ...... ... ... it 55-65 Ib-ft (74-88 Nm)
Bolts -rearsection..................... et te ettt e e e i e 55-65 1b-ft (74-88 Nm)
Taperockstuds ........................ et et e et et 25-35 |b-ft (34-47 Nm)
SERVICING THE PUMP
Removal
1. Drain hydraulic oil from tank. » - in the end covers, and in the adapter section and

, center port section. The gear ends are sealed by
2. Disconnect inlet and outlet lines from pump. wear plates with a bronze face on the gear side. Seal
Put caps on the lines and plugs.in the open glands behind the wear plates seal the high pressure
ports to keep dirt out of the system. side of the pump and prevent-oil bypass within the
pump.
3. The pump is heavy. Use a sling or support to
hold the pump in position. The center port section includes an inlet port which
is common to both gear sections, plus an outlet port
4. Remove pump mounting bolts, lock washers for the front pump section. The outlet port for the
and flat washers. Remove pump from spline  rear pump section is in the rear cover.
coupling on engine.
During final assembly, care must be taken that the

5. Take pump to a clean work area for external notches on the wear plates and sections
disassembly. _ are in line.

General

The pump has two gear sections, each with a
matched set of gears. The gears rotate in bushings

PARTS LIST FOR FIGURE 1

1. Body Assembly ' 12. Spring 23. Boit

2. Bearing Plate Assembly 13. Guide Spring 24. Ol Seat!

3. Poppet 14. Gear Plate 25. Bolt

4. lider Gear 15. Set Screw 26. Plug

5. Cover Assembly _ 16. O-ring 27. O-ring

6. Drive Shaft Gear - 323K 17. Dowel Pin 28. Plug

7. ldier Gear 18. Wear Plate 29. Cap

8. Drive Shaft Gear - 151K 19. Preload Seal 30. Gasgket "

9. Goar Plate : 20. Load Seal _ 3. Spring
10. Dowel Pin 21. Ring Seal - 32. Orifice Disc
11

. Coupling ' ‘ 22. Washer 33. Piston
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Service Instructions

1.

- 10.

11.

Plug ports and wash exterior with mineral spirits
or solvent. Clean parts and work area.

Extreme caution must be used when using a vise
to avoid distorting any parts.

Never pry components apart. Light tapping with
plastic hammer on drive shaft will separate body
from cover without burring. Caution: Place hand
over cover assembly while tapping drive shaft to
prevent dropping parts or disengaging gear mesh
when separation occurs.

All parts must be free from burrs, -scores, nicks,
etc.

Before removing gear set, apply marking dye to

. mating teeth to retain "timing" when reassembling.

Gears should be replaced in sets uniess other
components can be restored to a like new condi-
tion. ‘ '

"~ Use complete Minor Repair Kit with each unit

you rebuild.

Extreme care must be used when replacing shaft
seal. It must be installed square with seal bore
and with metal case to the outside of the
pump/motor. Great care must be taken to prevent
the drive shaft keyway or spline from cutting the
new seal. Use a "bullet" type sleeve or tape over
the keyway and generously grease the lips of the
seal before installing the shat.

Generously lubricate lips of seal with general pur-
pose bearing grease before installing shaft.

Rotate drive shaft before tightening bolts.

Hand start all screws or studs to prevent stipping.
Torque all bolts and cap screws evenly to avoid
distortion. Use the following specifications:

3/8 Cap Screw, 41-45 ft.lbs.

3/8 Stud & Nut, 31-35 ft. Ibs.

Generously lubricate pump - break in slowly.

Specifications

Displacement:
194K . . ... 1.94 cubic inches per revolution

Approx.
Gear Width

-------

237K . . .. 2.37 cubic inches per revolution . . . . . 1.1
280K . . . . 2.80 cubic inches per revolution . . . . . 1.3
323K . ... 3.23 cubic inches per revolution . . . . . 15
388K . . . . 3.88 cubic inches per revolution . . . . . 1.8

Operating Pressure: to 2500 PSI with peaks permissi-

ble to 3250 PSI. (Model 388K to 2250 PSI only)
Operating Speed: to 3000 RPM.
(Model 388K to 2750 RPM only)

FLOW DIVIDER COVER ASSEMBLY

%‘é

FLOW
2| e ——mownoen
SPRING

4 . 4N
§ | 482133

12 ¢ 482738
L 4 482782
i 18 - 482735
|3 4827310
§ 4827311

i lwirale

ala
3]

RELIEF
VALVE
SPRING

RELIEF VALVE PARTS

{ - FLOW DIVIDER PARTS |
U Description | Part No. ]
i | Poppet 451 ‘
i " Spring - 43114.2 (500-1000 psi)
i i | 43114 (1000-2000 psi)

" Gasket . 2468 i

" SetScraw | 29547-8 (500-1000 psi)
| { 29547-7 (1000-2000 pst)
Spnng Guidel 44085

- "0" Ring | 29791910

wjo| il olw N-lg

" Plug 438
; Can 2413
i Plug (2) 431123
{10 "O"Ring ' (2) 29791914
SN Soring - 48048
.12 . Piston - 48212
K Series with B Mounting

Gear Pumps and Motors

) 182737 : ——“ ORIFICE -
- 10 48273-12 % pisc
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A

SPECIFICATIONS

Spool Type - ‘D™ .. ... Sliding, double action, cylinder
Reliefvalve, main..................... .o See Section 8202
Spool travel (from neutral position). . ....................... .. .. . ... .. ... ... " 5/16 inch (7.87 mm)
Port pressurized

SPo0l Out .. ... 8-port

SPoOlIN ... 4-port
TieBoltTorque ........ ... 15 Ib-ft (20 Nm)

VALVE IDENTIFICATION

PORT ‘B’ PRESS

NEUTRAL

MAIN HIGH PRESSURE
RELIEF CARRYOVER -PORT “‘A”* PRESS
(2500 PSI) ;g&térmesea ‘ __~RELIEF
PORT *'8" PRESS T (1400 PSI) Rnét::F
NEUTRAL -
‘ L r
PORT *A” PRESS | A — fn — |~ @00rs)
OUTLET , , |
il _outer

E /N(A
\'Nu:/ :

|

P .

A = WINCH DOWN

: .
A 5F N\ inLer
BT}z i
| L
~———RELIEF
PLUGGED PORT E (1400 PSH)
MAIN | B = SWING LEFT
B = WINCH UP A = SWING RIGHT

| B = CROWD IN
A = CROWD OUT

| B = HOIST UP
A = HOIST DOWN

Figure 1. Main Control Valves - identification
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OUTRIGGER SYSTEM

General

Oil is made available to the outrigger control vaive
from the pressure carryover port of the control valve
for hoist, crowd, swing and auxiliary winch
{optional).

Outrigger Valve

The outrigger valve includes a dump valve and four
working valve sections. The valve bank has a closed
center passage. Qil from the valve inlet flows
directly to the valve outlet through the dump valve
when the valve is de-energized.

The dump valve is controlled by the outrigger main
switches on right side of the instrument panel. See
Section 4002. When energized, the dump valve stops
the free flow of oil between the valve inlet and outlet.

Oil under pressure is then available to the outrigger
functions,

Outrigger Valve Ports

For easy identification, the ports of the outrigger
valve are given an alphabetical sequence from A to
H, starting at the cylinder port nearest the dump
valve.

Port | Function (Under High Pressure) Sol. Wire No.
A Right outriggers up B 56C
B Right outriggers down A 56D
C Left outriggers up 8 56H
D | Left outriggers down A 56G
E | Left outriggers out B 56E
F Left outriggers in A 56F
G Right outriggers out B 56A
H Right outriggers in A 568

CYLINDER \
PORTS ‘—@H o B SEE VIEW

&S ©

(a)

o|o|o
e — O] O] O

7 NS

A4

@ __— TANK PORT

INLET PORT
L~ 0

“A" 3::5 “B"
aama

DUMP
VALVE

MANUAL OVERRIDE

-ALL SPOOLS .

Figure 1. Outrigger Valve - Port Identification
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RIGHT REAR \ ‘ LEFT REAR
BEAM CYLINDER ‘ BEAM CYLINDER
—C E F 00—
I HiGH PRESSURE
[} Low PREsSURE
OUTRIGGER SOLENOID
VALVE - ROTATED 90° X
FOR CLARITY
q
Ole NOTE: CIRCUIT SHOWN
—k ACTUATED FOR
Olo *‘OUTRIGGER OUT"’
q
O
‘-——.=
DUMP VALVE q_Q_@
(ENERGIZED) =T
HYDRAULIC LINES

TO JACK CYLINDER - REAR LEFT

TO JACK CYLINDER - REAR RIGHT
TO JACK CYLINDER - FRONT LEFT
TO JACK CYLINDER - FRONT RIGHT

w
X
Y
Y 4

MAIN CONTROL
VALVE (REF.)

{ 1‘) —
RIGHT FRONT , LEFT FRONT
BEAM CYLINDER ' BEAM CYLINDER

Figure 2. Outrigger Hydraulic Diagram — Beam Cylinder Circuits
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][
RIGHT REAR
JACK CYLINDER

‘ LOAD HOLD
VALVE

OUTRIGGER {
SOLENOID VALVE -

ROTATED 90° >

FOR CLARITY

o

OlO]OJO

olo|o|o

DUMP VALVE ¢

(ENERGIZED)

MAIN CONTROL
VALVE (REF.)

O
® <@
®)- <@
®)-<«@)]
Q.0

BO0

JdNVL OL

el
\

toocae

. RIGHT FRONT
JACK CYL.

‘—-m

-t

-

LEFT REAR
JACK CYLINDER

[l +'GH PRESSURE
[[] Low PReESSURE

NOTE: CIRCUIT SHOWN ACTUATED
FOR “‘RIGHT OUTRIGGER DOWN"’
AND “‘LEFT OUTRIGGER UP”’

HYDRAULIC LINES

TO JACK CYLINDER ~ REAR RIGHT
TO JACK CYLINDER - REAR LEFT
"TO JACK CYLINDER - FRONT RIGHT
TO JACK CYLINDER - FRONT LEFT

S
T
V)
v

LOAD HOLD
VALVE

Figure 3. Outrigger Hydraulic Diagram — Jack Cylinder Circuits

~

LEFT FRONT
JACK CYL.
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LEFT FRONT
BEAM CYLINDER

RIGHT FRONT
BEAM CYLINDER

\
\
o>,
/ /
- et mv e e e mew et ow owm e el

W
O

- | B )
OUTRIGGER . /
SOLENOID VALVE \-_—/

LEFT REAR ~
BEAM CYLINDER

RIGHT REAR
BEAM CYLINDER

Figure 4. Outrigger Hydraulic Lines — Out/in — Outrigger Vaive to Beam Cylinders
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C
‘ XD
N 8
e
~
/
-
/ P4
-
~~ JACK CYLINDER.
< LEFT FRONT
\ ,
~N

JACK CYLINDER
RIGHT FRONT

OUTRIGGER
SOLENOID

JACK CYLINDER
LEFT REAR

JACK CYLINDER
RIGHT REAR

. Figure 5. Outrigger Hydraulic Lines — Down/Up — Outrigger Valve to Jack Cylinder§




Load-Holding Valves

The outrigger jack cylinders have load-holding
valves installed in the cylinder base. The purpose of
these valves is to prevent the cylinder from
retracting if a hydraulic line or hose breaks. The load-
holding valves will hoid oil in the cylinder base until

there is oii from the pump available to the rod side of'

the cylinder.

Oil flows freely through the ioad-holding valve and
into the cylinder base when cylinder is being
extended. To retract the cylinder, oil is sent to the
rod port of the cylinder. As the cylinder starts to
retract, the piston meets the resistance of the oil
held in the cylinder base by the holding valve.
Pressure increases as the pump tries to overcome
the resistance.

When pressure on the oil from the pump is high
enough to overcome the spring in the ioad-holding
valve plus the pressure of the oil in the cylinder base,
the load-holding valve opens and the cylinder
retracts,

If the cylinder starts to ‘retract too rapidily, for
example, because of a heavy load on the cylinder,
pilot pressure from the rod side decreases and the

8209-7

load-holding valve closes. The cylinder stops
retracting temporarily until enough oil is again
available to the rod side of the cylinder. in this way,
cylinder cavitation is prevented and the load is held.

NOTE: The engine must be running to retract the
outrigger cylinders. The load-holding valves prevent
retracting the outrigger jacks simply from the weight
of the machine.

Outrigger Cylinders

If one of the jack cylinders will not hold under load,
the problem is either in the hoiding vaive or the
cylinder piston packings. To check for internal
leakage in the cylinder:

b

Fully extend cylinder.

2. Remove hydraulic line from ROD port of jack

cylinder being checked. '
\

3. Actuate the control switch in a direction to
extend the cylinder. Check the amount of
leakage from the open rod port. If the leakage is
more than a couple of drops per minute, the
cylinder needs an overhaul. See Section 8290.

SERVICING THE OUTRIGGER VALVE

Removal

1. Stop engine. Engage parking brake and put
blocks under the wheels.

2. Disconnect battery cables from battery. Make
sure you disconnect the ( - ) negative lead first.

3. Remove valve access cover on right side of
machine.

4. Disconnect valve leads from outrigger wiring
harness. Disconnect ground lead for the dump
valve.

5. Put labels on the hydraulic lines for correct
assembly. Clean the valve and connecting
lines. Disconnect hydraulic lines from valve
ports. Put caps on the lines to keep dirt out of
the system.

6. individual valve sections can be removed from

the valve block without removing the complete
valve.

Installation

1. Put valve section in position on vaive block and
install mounting bolts.

2. Connect hydraulic lines to valve ports.

3. Connect electrical leads to outrigger wiring
harness. Install ground connection for dump
valve solenoid. Make sure all connections are
clean and tight.

4. Connect battery cables to battery. .
5. Operate outriggers to check for correct

function. Stop engine. Check for leakage, and
add hydraulic fluid as necessary.
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SWING CIRCUIT

General

The swing motor is controlled by the first section of the
multiple spool valve. In the neutral position, oil is held in
the circuit and the motor is prevented from turning. The
gear/pinion is protected by relief valves (set at 1400 psi)
for both swing directions.

Pulling the valve spool out sends oil through B-port to the

swing motor. The motor rotates clockwise and causes the
mast to rotate to the right. Oil from the downstream side
of the motor returns through the A-port and is sent back
through a filter to the hydraulic oil tank.

Pushing the valve spool in sends the oil through the circuit
in the opposite direction and causes the mast to rotate to
the left.

SERVICING THE SWING MOTOR

Specifications
Rotation (from shaftend) .................. Clockwise when pressure is applied at lower port in diagram below
Displacement. .............. ... ... ... .. o i, e e 6.8 cu infrev

NOTE: Circuit shown actuated for
SWING RIGHT (clockwise).
Oil flow for SWING LEFT -
opposite.

B +icH PRESSURE
[] Low pressure

Figure 1. Swing Hydraulic Circuit




Figure 1A. Swing Motor
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1. Dust Seal
2. Wire Ring
3. Shim
4, Seal
5. Housing
6. Seal
7. Seal Carrier
8. Brass Shim
9. Shaft Seal
10. Thrust Bearing
11. Shaft
12. Drive Link
13. Wear Plate
14. Seal (2)
15. Roller Stator
16. Pin
17. End Cover
18. Boit (4)
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Removal 7. Takeascrewdriver and pry in behind item 3 deforming .
it and removing it.

CAUTION: Make sure crane is parked on level surface and _

avoid any swing motion of mast while swing motor is 8 With small screwdriver remove seal (4).

removed (bearings in swing gearcase will become

dislodged).

1. Release the hydraulic pressure in the swing
circuit, by moving the swing control in both
directions with engine stopped.

2. Put labels on the hydraulic hoses for correct
assembly. Disconnect the hydraulic hoses and
instali plugs and caps on the hydraulic hoses
and fittings.

3. Remove the two bolts that fasten motor to the
gearbox. Remove the motor.

Disassembly

ANGLE DRILLED

The roller stator assembly should have the ports plugged sLoT

and all of the excess dirt on the outside of the motor washed
off. After this is accomplished place the motor in vise as 4 Fig. 3
shown in Fig. 2 and clamp at port area on housing (Fig. 1).
Newspapers should be placed on top of bench to allow a
clean area on which to work.

Disassembly of Roller Stator
(Reference Fig. 1)

1. Remove four bolts (18) (9/16 boxed end).
2. Shiftwear plate to clear end of drive link and lift group Fig. 4

[end cover (17), rotor assembly (15) and wear plate]
from housing assembly (5).

3. Remove woodruff key from shaft (11); then lift shaft
from housing by rapping shaftend. item 7, 8, 9, 10, 11, -
12 and 16 usually will come out from assembly.

4. With fingers place through dust seal (10) of hous-
ing (5), push seal carrier (7) out the opposite end
from the dust seal. Care should be taken not to
have the seal carrier turn and mar the 1.D. of the
housing. This procedure will remove items 7, 8, 9
and 10 from housing.

5. Mount housing assembly (5) in vise. Use large Fig. 8

screwdriver to remove dust seal (1).

6.  Take a screwdriver and remove wire ring (2).




Assembly

Important: Before assembling, wash all parts off in clean
solvent. Alsoitis best to have a new seal kit including items
1,3, 4, 6, 8,9 and 14. (2 parts).

1.

10.

1.

Place housing with groove side down on newspaper,
install shim (3).

Install seal (4) underneath shim.
Place wire ring (2) in position.

Placehousing (5)invise as shownin Fig. 4 with groove
side up.

Seal (6) [lightly oiled] is placed in groove in housing

~ top (6).

Seal carrier (7) has the brass shim (8) placed in I.D.
groove, followed by the shaft seal (9) with lip side away
from brass shim.

Place thrust bearing (10) on shaft (11), followed by the
seal carrier assembly (7, 8 and 9) with seal lip towards
bearing (10).

Assemble the shaft (11) with drive link (12). This is done.
with dot on cupped end of shaft aligned with marking
at root of tooth on drive link (12). If spline is tight, this
assembly can be made by rapping the end of the drive
link with a hammer. See Fig. 3. Fill drive link end with
greasse.

Note: If markings are indistinguishable, the mark on
the root of the drive link should be placed with the
angle drilled slot of output shaft to the right and 1/4”
through hole to the left.

Place the output shaft assembly (7, 8, 9, 10, 11 & 12)
into housing. Fig. 4.

Place wear place (13) on top of grooved side of
housing, insuring alignment of seven feed holes. See
Fig. 5. .

Install lightly oiled seal (14) into grooved end roller
stator (15). Place this assembly over drive link with

- mark on drive link root in line with rotor lobe. See Fig.

6. Observe rotor face so that undercut of the rotor is
up. Observe rotor face so that undercut of the rotor
is up, if applicable. See Fig. 7. Note alignment of seven
feed holes with manifold and wear plate. See Fig. 6.
Align the four bolt holes with housing.

12.

13.

14.

15.

16.

17,

8210-5

Place lightly oiled seal (14) into end cover (17).

Place grease in recessed center of end cover (17) face.
Place pin (16) into this greased recess. If recess is filled
with oil, wipe clean before loading with grease.

Place the end cover assembly on top on the roller
stator assembly. Be very careful not to dislodge seal
or pin from the end cover.

Check side for any possible seals out of place.
Insert four bolts and torque to 30 foot pounds.
Place assembly on side in vise and rotate shaft with

key in place. Check to insure the suction portis in the
same direction of turning.
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Installation

1. Install the motor on the gearbox.

2. Connect the hydraulic lines to the motor.

Figure 8. Swing Hydraulic Lines
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oL
-— ] _
HOIST CYLINDER

B HiGH PRESSURE
™) Low PRESSURE

HYDRAULIC
SWIVEL

i

Figure 1. Oll Flow - Hoist Up

‘ HOLDING
+  VALVE

HYDRAULIC
SWIVEL

I HiGH PRESSURE
LOW PRESSURE

HOIST CYLINDER

Figure 2. Oll Flow - Holst Down
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HOIST CIRCUIT

General

The hoist circuit includes the hoist cylinder, a
holding vaive, Port 1 and Port 6 in the hydraulic

swivel, the first spool in the multiple spool vaive and

hydraulic lines.
Oil Flow

When valve spool is in neutral position, both A and B
ports are closed and oil is held in the circuit to
prevent movement of the hoist cylinder.

Pushing the valve spool IN connects the pump
passage to cylinder port "A" in the control valve. Qil
leaves the A-port, goes through Port 6 of the
hydraulic swivel, then enters the base of the hoist
cylinder through the holding valve. In this direction,
the oil flows freely through the holding valve and
into the base of the cylinder. The cylinder starts to
extend, pushing the oil ahead of the piston out
through the rod port. This oil returns through Port 1

of the hydraulic swivel to Port “B" of the control -

valve. From here, ‘the oil is routed to the tank
passage of the control vaive and returns through the
filter to the hydraulic oil tank.

Pulling the valve spool OUT sends oil through the
circuit in the opposite direction and causes the
cylinder to retract. The holding vaive lets the
cylinder retract only as there is oil under pressure
available to the rod port of the cylinder. See Holding
Vaive. '

Holding Vaive

The holding vale has three main functions: ;

a) Prevent cavitation of the cylinder,
b) Give full control of the lowering of the boom
c) Hold load in the event of a hydraulic failure.

~ Pilot pressure from the rod side of the piston opens

the holding valve. If the cylinder starts to retract
faster than the pump can fill the cylinder, there will
be a decrease in the pilot pressure. The holding valve

~ Will close and interrupt the flow of oil from the

cylinder. The holding vaive will interrupt the flow as
often as necessary to keep the cylinder filled. Also if
there is a failure of the pump or a hydraulic line, the
holding valve will hold the boom in position.

Engine speed is important for good lowering of the
boom. At low engine speed, normally there will not
be enough oil from the pump to keep the cylinder
filled. As a result, the boom will move down in a
movement that is not regular.

IMPORTANT: Do not adjust the holding valve. The
valve is adjusted by the manufacturer. A seal kit is
available for replacement of the seals on the
cartridges. These seals can be replaced without
changing the adjustment of the valve.

Procedure to Check for Leakage in the Hoist
Cylinder

If the cylinder does not hold the load, the problem is
normally internal leakage in the cylinder. This
problem can also be caused by leakage in the
control valve or the holding valve. To check for
leakage in the cylinder:;

1. Fully extend the hoist cylinder to raise the
boom. Use a chain hoist to hoid boom in
position.

2. Stop the engine. Move the hoist control lever
several times in each direction to release
pressure in the circuit.

3. Disconnect the hydraulic line which connects
to the rod port of the hoist cylinder. A little oil
will drain from the rod port of the cylinder.

4.  Start the engine. Activate the control tever in a
direction to raise the boom. Check the amount
of leakage from the rod port of the cylinder. If
this leakage is more than a few drops,
replacement of the piston seals is necessary.

5. For cylinder repair, see Section 8290.
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O VALVE
CYL.

PILOT
HOLDING VALVE |

MAIN CONTROL
VALVES

Figure 3. Hoist Hyduullc Lines 3
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— DOUBLE-BLOCKING
: CUTOUT
SOL. VALVE
(DE-ENERGIZED)

CROWD CYLINDER HYDRAULIC
| SWIVEL

[ +i6H PRESSURE
[} Low pressuRE

Figure 1. Oil Flow - Crowd Out

. DOUBLE-BLOCKING
— CUTOUT

SOL. VALVE
(DE-ENERGIZED)

| =]
—_ j@|
]

HOLDING

c-

HYDRAULIC
CROWD CYLINDER SWIVEL

B +icH PRESSURE
[} Low Pressure

Figure 2. Ol Flow - Crowd In
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CROWD CIRCUIT

General

The crowd circuit includes the crowd cylinder, a
holding valve, Port 2 and Port 3 of the hydraulic
swivel, the second spool in the multiple spool valve
and hydraulic lines. A solenoid valve is installed
between the control valve and the hydraulic swivel to
prevent doubie-blocking when extending the boom.

Oil Flow

When the valve spool is in neutral position, oil is
held in'the circuit and the cylinder is prevented from
extending or retracting.

Crowd Out:

Pulling the valve spool OUT connects the supply
from the pump to cylinder port "B" of the control
valve. Qil leaves the B-port and is routed through the
solenoid valve and the hydraulic swivel to the base
of the crowd cylinder.

In the extending direction, oil flows freely through
the holding valve and into the base of the cylinder,
The cylinder extends and pushes oil ahead of the
piston and through the rod port. This oil returns
through the hydraulic swivel to port "A" of the
control valve. From here, the oil is routed into the
tank passage and returns through the oil filter to the
hydraulic oil tank.

With the Double-Blocking Cutout, when the hook
block is in contact with the boom head, oil is
stopped at the solenoid valve. In this case the
operator must let out more wire rope on the main
winch before he can extend the boom.

Crowd In:
Pushing the valve spool IN routes oil out of valve

port "A" and through the hydraulic swivel to the rod
port of the cylinder. The cylinder starts to retract but

meets resistance from the oii held in the cylinder

base by the holding valve. This restriction causes an
increase in pressure as the pump continues to push
more oil into the rod port of the cylinder. When the
pressure is high enough to open the holding vaive,
the cylinder retracts. See Holding Vaive. '

Oil from the cylinder base returns thrOugh the
hydraulic swivel to the control valve. From here, the
oil is routed through the filter to the hydraulic oil
tank.

Holding Valve
The holding valve has two main functions:

a) Prevent cavitation of the cylinder, :
b) Give full control of the retracting of the boom

Pilot pressure from the rod side of the piston opens
the holding valve. If the cylinder starts to retract
faster than the pump can fill the cylinder, there will
be a decrease in the pilot pressure. The holding valve
will close and interrupt the flow of oil from the
cylinder. The holding valve will interrupt the flow as
often as necessary to keep the cylinder filled. Also if
there is a failure of the pump or a hydraulic line. the
holding valve will hold the boom in position.

Engine speed is important for smooth operation. At
low engine speeds, normally there will not be
enough oil from the pump to keep the cylinder filled.
As a result, the boom will move down in a movement
that is not regular.

IMPORTANT: Do not adjust the helding vaive. The
valve is adjusted by the manufacturer. A seal kit is
available for replacement of the seals on the
cartridges. These seals can be replaced without
changing the adjustment of the valve.

Procedure to Check for Leakage in the Crowd

Cylinder

If the cylinder does not hold the load, the problem :s
normally internal leakage in the cylinder. This
problem can also be caused by leakage in the
control valve or the. holding valve To check for
leakage in the cylinder:

1. Raise the boom a little above the horizontal
position,

2. Fully extend the boom.
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3.

Stop the engine. Move the control lever several
times in each direction to release pressure in
the circuit.

Oisconnect the hydraulic hose from the
hydraulic line which connects to the rod port of
the crowd cylinder. A little oil will drain from the
hydraulic line,

Start the engine. Activate the control lever in a
direction to extend the boom. Check the

®

:
¥

HOLDING VALVE | \ / ;

Figure 3. Crowd Hydraulic Lines MAIN CONTROL

amount of leakage from the rod port of the
cylinder. If this leakage is more than a few

drops, replacement of the piston seals is

necessary.
6. For cylinder repair, see Section 8290.
Double-Blocking Cutout

For description of the double-blocking cutout, see
Section 4015,

DOUBLE-BLOCKING
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MAIN WINCH CIRCUIT

General

The winch circuit includes the winch motor, brake, a holding
valve, swivel ports 4 and 5, the single spool valve and
hydraulic lines.

Oil Flow

When valve spool is in neutral position, both A and B ports
are closed. Oil is held in the winch circuit, preventing
movement of the winch motor.

Winch Up:

Pushing the valve spool IN routes oil from the front pump
to cylinder port “‘A” of the control valve. From here the oil
is routed through swivel port A to the holding valve. In this
direction, the oil flows freely through the holding valve to
the winch motor. The oil turns the motor and returns through
swivel port 5 to the control valve. From here, the oil is sent
back through the filter to the hydraulic tank.

- 22
. Shaft sub-assembly

(inciudes items 2 thru 5)
Output shaft
Bearing
. Bearing spacer
. Retaining ring 23
Seal
. Shaft exclusion seal
. Shaft seal
. Back-up ring 24
. Bearing housing
. Shaft face seal _
. Wear plate 25
. Drive
. Geroler sub-assembly
(includes items 15 thru 17)
. Geroler ring
16. Geroler star
17. Geroler roller
18. Vaive plate
19. Valve drive

-h

b b od =d b
PONAOOOINONRLN

-
(3]

20. Vaive

21. Balancing plate 26. Valve housing
22, Pin 27. Plyg

23. Spring 28. Bolt

24. Inner face seal 29. Nameplate
25. Outer face seal 30. Rivet

Figure 3. Winch Motor - Cross Section View

21 20 18

Winch Down:

Pulling the valve spool OUT sends oil out of part “B"” and
through swivel port 5 to the winch motor, The motor starts
to turn in a direction to lower the winch. The increase in
pressure on the downstream side of the motor causes the
holding valve to open. The oil then returns through swivel
port 4 to the control valve.

Holding Vaive .

The function of the hoiding valve is to generate a
back pressure of 200 psi (1 380 kPa) against the
winch motor. This back pressure prevents a heavy
load from turning the winch motor when the control
lever is in neutral position.

MANUFACTURING
cooe

PROCUCT NUMBER

o




8213-4

' WINCH
P MOTOR

HOLDING

Figure 5. Hydraullé Lines - Main Winch and Brake Installation




Normally, a malfunction of the valve ' will be caused
by internal leakage or restriction in the vaive.
Leakage can be caused by a bad o-ring or a part with

damage.
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SERVICING THE HOLDING VALVE

cleaning and inspection (See Illustration). Make
careful inspection of the valve parts to find the cause
of the malfunction. Replace any parts that have
damage. Make sure the parts are clean and dry.
Apply clean hydraulic oil to the parts before

The valve parts can be easily disassembled for assembly.

OOINOPRAELN -

Cap

Washer

Nut

Adjusting screw
Cartridge

Vaive body
Back-up ring
O-ring

Cartridge

Figure 4. Holding Valve
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SERVICING THE WINCH MOTOR

Removal

1.  With engine stopped, move winch control lever
in both directions to release the hydraulic
pressure from the winch circuit.

2. Disconnect the hydraulic lines from the winch
motor and holding valve. Put caps or plugs on
the lines to keep dirt out of the system.

3. Remove two mounting bolts from the winch
motor. Remove the winch motor,

Installation

1. Install the key in the key siot on the output shat.
2. Install the winch motor on the winch brake.

3. Connect the hydraulic hoses to the winch motor.

Winch Motor Service Information

Tools required for disassémbly and reassembly.

Torque wrench 500 Ib-in[S7Nm] capacity
12-16{300-450]1" breaker bar

9/16 socket

Small screwdriver 6-8x1/4[150-200x6,5] blade
3/16 allen wrench
_Press

*Unless indicated otherwise, measurements

. Valve
are given in inches(mm]. Balancing Housing
**Shaft seal installation tool (600496) Ring Pi Tie
**Bullet (600465) for 1 diameter shafts o in Boit
The following tools are not necessary for disassembly and F:ct:r
reassembly, but are extremely helpful. palve e | Seal
Alignment studs (2) Geroler late.  Valve
o B s
earing rive
gn d Seal .
Back-up - haft
Washer Ass'y
, Key
.Bearing
Housing g::lft Plug
Seat gﬂ:ﬂ
Exclusion (= Plug
Seal Seal

8(200]

——_—-I 1[25]

—_— r—-Approx. 1/2(13]

ey

O B
SRS R N

3/8(9,5] Dia. Steel Rod

3/8-—24UNF l

Grind Flat Spots on Fach Side

**Available--by special order

Figure 5.
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' Disassembly

Cleanliness is extremely important when repairing a
hydraulic motor. Work in a clean area. Before dis-
connecting the lines, clean the port area of the mo-
tor thoroughly. Use a wire brush to remove foreign
material and debris from around the exterior joints
of the motor. Check the shaft and keyslot, remove
all nicks, burrs or sharp edges that might damage the
bearing housing seals when installing the shaft and
bearing assembly. Before starting the disassembly
procedures, drain the oil from inside the motor-

Sy

)

Figure 6.

1 Place the motor in a vise with the output shaft
down. Clamp across the mounting flange of the mo-
tor not the housing. Excessive clamping pressure
will cause distortion. When clamping, use some pro-
tective device on the vise, such as special soft jaws,
pieces of hard rubber or board.

Although not all drawings show the motor in a
vise, we recommend that you keep the motor in
the vise during disassembly and reassembly.
Follow the clamping procedures explained
throughout the manual.

Tie Boits

2 Remove 4 boits from motor.

Figure 8.

3 Lift valve housing straight up. If done care-
fully the pins, springs, balance ring assembly, and
valve will remain on the valve plate.

Case
Drain

Seal " Seal /t/ Plug

Figure 9.

4 Carefully remove 3(76] diameter seal from
valve housing.

S Remove case drain plug—with seal, from valve
housing.

6 Remove 2 pins and 2 springs from balance
ring assembly, see Fig. 10.
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Quter Face Seal L

inner
Face Seal

Valve Balance Ring
Figure 10.

7 Remove balance ring assembly.

8 Remove inner and outer face seais from
balance ring.

9 Remove the vaive.

Valve Drive

Figure 11.

10 Remove the vaive plate.

11 Remove the 3(76] diameter seal from valve
plate.

12 Remove the valve drive,

Drive  Geroler

Figure 12.

13 Remove the Geroler. Be sure to retain the rol-
lers in the outer ring if they are loose.

14 Remove the drive.

18 Remove the 3[76] diameter seal from wear
plate, see Fig.12.

Bearing
Housing

Shaft Face Seal
Figure 13,

16 Remoye the wear plate.
17 Remove the shaft face seal from the wear piate.

18 Remove the 3(76] diameter seal from bearing
housing.

Bearing
Housing

Shaft &
Bearing
Assembly

Figure 14.

19 You may need a press to remove shaft and
bearing assembly from bearing housing. (Key must
be removed before removing shaft.)

Bearipg Shaft Seal

Housing ~—

Exclusion
Seal

Back-up Washer

Figure 15.

20 Use a small screwdriver to remove shaft seal,
back-up washer and exclusion seal from bearing
housing, see Fig. 15. Do not damage bore of
housing,

Note: Individual parts of shaft and bearing assembly
are not sold separately. Replace as a unit.




Reassembly

Check all mating surfaces. Replace any parts that
have scratches or burrs that could cause leakage.
Clean all metal parts in clean solvent. Blow dry with
air. Do not wipe dry with cloth or paper towel be-
cause lint or other matter can get in the hydraulic
system and cause damage. Do not use a coarse grit
or try to file or grind these parts. Check around

the keyway and chamfered area of the shaft for
burrs, nicks or sharp edges that can damage the
seals when reassembling the bearing housing.

Note: Lubricate all seals {prior to installation) with
petroleum jelly such as Vaseline. Use new seals when
reassembling this motor. Refer to parts list (6-129)
for proper seal kit number.

21 Use a press to install exclusion seal in outer bore
of bearing housing. Lip of seal must face outward. See
Fig. 16.. If a press is not available use a plastic or rub-
ber hammer, being careful not to damage or cock
seal in the bore.

Shaft Face

Shaft
Shaft Seal ——Face
Seal
Wear Plate
Back-up - —
Washer i

e S22

Exclusion
Seal

~ Shaft &
Searing Ass'y

Figure 16.

22 Place back-up washer into seal bore. Place
shaft seal onto installation tool (600496) and press
seal into seal bore of the housing.

23 Clamp housing in vise, see Fig. 6.

24 Place protective bullet (see note below) over
shaft.. Apply petroleum jelly to inside diameter of
dust and shaft seal. You may need a press to install
shaft and bearing assembly. Do not distort shaft
~seal. Damage to this seal will cause leakage.

Note: Bullet (600465), for 1’ shafts, available-
by special order. Use tape over other shafts to
prevent cutting the seals.
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25 Apply petroleum jelly to the 3{76] diameter
seal. Install seal into the bearing housing:

26 Alignment studs can be very helpful in reassem-
bly of the motor. See special tool listing page 2. If
you use studs, install 2 studs diagonally opposed in
the bearing housing.

27 Install the shaft face seal in the wear plate as
shown in Fig. 16. Do not distort seal.

28 Install the wear plate, see Fig. 16..

29 Apply a light film of petroleum jelly to the
3(76] diameter seal and install seal in the wear
plate.

30 Install the drive into the output shaft.

31 Align the notch on the outside of the Geroler
with the notch on the wear piate. Install the
Geroler against the wear plate. Be sure to retain
the rollers in the outer ring if they are loose.

32 Install the valve drive in the Ger_oler.

Note: Installation at this time involves 3 steps in the
timing of the motor. Timing determines the direction
of rotation of the output shaft. Timing parts include:
1. Geroler ‘

2. Valve Drive

3. Valve Plate
4. Vaive
Geroler Valve Valve 5
Valve Plate N\
Rotate
Valve
Drive Clockwise
v\ Q 1/2 tooth max.
to Engage
- Spline
/ Anyons of
Largest 6 Ports open
Open Alignment to Qutside
Pocket Ref. Only of Valve

Figure 17. Timing Alignment

Timing Step #= 1—Locate the largest open pocket in
the Geroler and mark it on the outside edge of the
Geroler,
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33 Apply a light film of petroleum jelly to the
3(76] diameter seal. Instail seal in groove of valve
plate. ‘

34 Align the notch on the outside of the valve
plate with the notch on the Geroler as shown in
Fig. 17.

Timing Step A= 2— Locate the siot opening in the
valve plate which is in line with the largest open
pocket of the Geroler.

Timing Step #= 3— Locate any one of the side open-

ings of the valve and align this opening with the
open slot of the valve plate that is in line with the
largest open pocket of the Geroler. [nstall the valve
by rotating it clockwise until the spline teeth
engage (1/2 spline tooth max. ). This will provide
the proper rotation .when pressurized as shown in
Fig. 18.. '

Clockwise
Rotation

Counter

Clockwise .

Rotation

Pin & Spring Valve
Housing

Seal

Figure 19.

35 Install 2 springs and 2 pins in the holes located
in the bore of the valve housing, as shown in Fig. 19

36 Apply a light film of petroleum jelly. to the
3(76] diameter seal. Install seal in the valve
housing.

37 Apply petroleutﬁ jelly to inner and outer face
seals. Install seals on balance ring as shown in Fig.
20.

Important: Install face seals in the positions shown
in Fig. 20. or the motor will not operate properly.
Do not force or bend the face seals. Any damage to
these seals will affect the operation of the motor.

Pin Notch

Inner Seai

Outer Seal

Balance Ring
Figure 20.

38 Align pin notches in balance ring with pins in
bore of valve housing. Install balance ring assembly
in valve housing.

Balance
Ring

Valve /

Housing

Figure 22,

39 insert your finger through port of valve
housing. Apply pressure to side of balance ring as
shown in Fig. 21. Hold ring in position until
valve housing is in place against valve plate. See
Fig. 22

Note: After installing the vaive housing on the valve
plate check for proper placement. Push down on the
valve housing. You should get a slight spring action.
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40 Install the tie bolts. If you use alignment studs,
install 2 bolts opposite the studs. Finger tighten the
bolts. Remove the alignment studs and replace with
the 2 remaining bolts. Torque all 4 bolts alternately
1o 450 ib-in{50Nm].

/f\_ 41 Install seal on case drain plug then install in
Case Drain Plug valve housing. Torque to 50 Ib-in{6Nm].

with Seal

Wheel Motor

Bearing Shaft  Shaft &

Housin | i !
On wheel motors, a different bearing housing is used, HsIng Seal Bearing Ass'y
see Fig. 24. Other than this the parts are the same as \
the standard motor and the same disassembly and Castl ' £
reassembly procedures apply. Nis: e

@ " Back-up
@ A Washer |

‘ Shaft Face
Exclusion Seal Seal - Seal
Figure 24.

- Bearingless Motor

This motor is the same as the standard motor with-
out the shaft/bearing assembly, and bearing housing.
The mounting flange replaces the bearina housing,
see Fig. 25. Follow same disassembly and reassembly
procedures as rear section of standard motor.

Figure 25.
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SERVICING THE WINCH FAILSAFE BRAKE

- BRAKE FUNCTION

The Failsafe brake is spring loaded to apply the brake
and hydraulic pressure is required to release or "hold
off* the brake. Normal operation is to have the brake
pressurized in the released position with the vehicle
hydraulic system running. Any function which reduces
the hydraulic system pressure below the release
pressure of the brake, will cause a brake application.

The brake is designed to fit with a gear reducer and a
hydraulic motor. The common mounting surfaces of the
brake, the motor, and the gear reducer are machined to
close tolerances and shouid be protected from damage
during installation and removal.

INSTALLATION INSTRUCTIONS

See Figure 26.

1. Place the gasket onto the mounting face of the
brake.

2. Place the brake shaft into the gear reducer with
the brake bleeder screw in the vertical position.

3.  Move the brake into position with gear reducer
assuring proper gasket location. Align the
mounting bolt holes by rotating the engaged brake
into position. If this is not possible, the brake may
be rotated after pressure has been applied to the
brake inlet. This will release the brake and allow it
to be rotated into position.

4.  Similarly place a gasket onto the flange of the
motor.

5. Insert the shaft of the motor into the brake and
push into position, assuring proper gasket
location. .

6. Insert the two half-inch bolts (Grade 5) thru the
motor flange, the gasket, the brake, the second
gasket, and into the threaded hole in the gear
reducer mounting flange. Insure that the bolts are
not too long so that they do not bottom out in the
reducer before clamping.

7.  Run bolts in alternately to prevent binding, until
snug. Then torque the bolts to 75-85 ib.ft. Note:
Both shafts must slide together freely - DO
NOT use boits to force the units together.

GASKET  FAILSAFE

BRAKE

HYDRAULIC
WINCH MOTOR |

REDUCER

Figure 26. Instaliation of Motor, Brake
Gear Reducer

With motor and brake bolted into position, remove
cap plug and connect "inlet" hydraulic line to
brake. (If not done for shaft alignment - Step 3).
brake inlet is .250 tubing O.D., straight thread O-
ring boss (.438-20, UNF 2B thread).

Bleed air from brake via bleeder screw. Note:
Maximum pressure to brake is 3000 psi|.

BRAKE DISASSEMBLY PROCEDURE

- See Figure 27.

1.

With shaft protrusion downward, disassemble in
the following order:

Bolts (21) alternately, Power Plate (20), Gasket
(2), Bearing (18) is pressed onto Shaft (7) and
must be removed before removal of Rotating Disc
(11) and Stationary Discs (12).

Further disassembly is not recommended and
should not be attempted unless necessary for the
replacement of specific parts, i.e. , Bearing (3),
Seal (4) and Shaft (7) from Housing (1), it
necessary proceed as follows:

A) Remove shaft and stack sub-assembly from
housing by lightly or pressing on the small
extemnal spline end of the shaft and removing
the shaft, bearings and stack from the
Housing (1).




B) Remove Bearing (18), Stationary Disc (12),
Rotating Disc (11), Springs (10) and Primary
Disc (9).

C) Remove Bearing (3) from shaft. Use care not
to damage the Seal (4). Remove Seal (4) and
inspect sealing lip and O.D. for damage. If
damaged, replace per reassembly instruc-
tions.

D) Remove Springs (6) and Spring Retainer (5)
from Housing (1).

8213-13

4. Remove the Piston (13) from the Power Piate (20)
by introducing low pressure air - 15 psi - into the
hydraulic inlet. Make sure piston is directed away
from the operator. Remove O-rings (15 & 17), and
Back-up Rings (14 & 16) from the piston O.D. and
1.D. grooves. Back-up Rings will be damaged and
should not be removed if replacement is not
planned.

5. Pressure Relief Valve (22) can be removed and
~ inspected to assure spring-loaded ball moves
freely and is free of contamination. -

PN EWLON

Houshing 13. Piston
Gasket 14. Back-up ring
Ball bearing 15. O-ring
Oli seal 16. Back-up ring
Spring retainer 17. O-ring
Compression spring 18. Ball bearing
Splined shaft 19. Bleeder screw
Torque pin 20. Power plate
9. Primary disc 21. Hex flanged screw
10. Compression spring 22. Pressure relief vaive
11. Rotating disc 23. Protective plug
12. Stationary disc 24. Gasket

Figure 27. Fallsafe Brake Assembly

o
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BRAKE RE-ASSEMBLY PROCEDURE

10.

All parts must be thoroughly clean prior to re-
assembly.

IMPORTANT: There may be more parts in a
service kit than your brake requires. Check parts
list carefully for the exact quantity. In the case of
springs, space the required quantity equally. See.
Figure 27.

Generally use the reverse of the disassembly
procedure to re-assemble the brake.

Cylinder of the péwer plate, piston and O-ring
must be clean prior to assembly, and pre-lubed
with system hydraulic fluid.

Assemble Piston (13) into Power Plate (20) using
a shop press, being careful not to damage the
O-rings or the Teflon backup rings. Visually align
the center of the cutouts in Piston (13) with Torque
Pin (8) holes in Power Plate (20). Avoid pushing
the piston all the way to the bottom of the cylinder
in the power plate. Generally, try to keep the top
surface of the piston flush to 1/8" below the
machined surface of the power plate.

When pressing the bearing onto the shaft, press
on the inner race of the bearing and support the
shaft properly.

Rotating discs must be clean and dry. There
should be no pressence of oil on any lining
material or mating surfaces of the stationary discs.
Worn or heavily scored rotating discs must be
replaced.

Press Bearing (3) into Housing (1). Bearing must
be seated against shoulder in housing.

Before installing Seal (4), lubricate the lip of the
seal with system hydraulic fluid or other suitable
lubricant. Use a shop press to install Seal (4).
Face the lip of the seal toward the outside of the
brake in order to keep the gear box oil or other
external contaminants out of the brake.

Install Seal (4) into housing by pressing evenly
around O.D. of the seal. Use care to avoid
cocking. The back of the seal must be installed
flush to surtace of housing. See Figure 28,

11.

12.

13.

14,

BACK OF SEAL MUST BE INSTALL
FLUSH TO SURFACE OF HOUSING

s
/

4 3 I

Figure 28. Installation of Seal in Housing

Install Shaft (7) into housing. Support the inner
race of Bearing (3) when pressing shatft into
bearing.

Install Gasket (2). Be sure to properly align. After
installing all the remaining internal components of
the brake, install Bearing (18). Properly support
the shaft when pressing the bearing onto shatt.

Install the power plate sub-assembly. Use a shop
press to evenly lower plate into position. There
should be no gap at the O.D. when the power
plate is properly seated against housing. If a shop
press is not available, use the Assembly Bolts
(21). Tighten sequentially one turn at a time until
the power plate is properly seated. Torque to 50-
60 Ib-ft.

If replacement of Pressure Reliet Valve (22) is
necessary, install 1/2 to 3/4 turns beyond finger
tight.

SERVICE KITS
The following kits are available as service items. All
other parts may be ordered individually.

O-ring Kit - Consists of items 2,14,15,16,17
Stack Kit - Consists of ltems 6,8,9,10,11,12
Bearing Kit - Consists of items 3,4,18
Gasket Kit - Consists of item 24




‘Section
8218

HYDRAULIC SWIVEL




8218-2

HYDRAULIC SWIVEL

General

The hydraulic swivel is at the center of rotation of
the mast. The purpose of the hydraulic swivel is to
permit the flow of hydraulic oil between the

hydraulic components on the mast and boom and

the components on the lower structure during a full
rotation of the mast.

The hydraulic swivel has seven passages. Grooves

and ports in the shaft align with ports in the housing. .

Seals between the grooves of the shaft prevent
leakage between the passages. The seals fit tightly
against the housing. The housing rotates with the
mast. The shaft is stationary.

COVER

\\\\\\\ = s

SWIVEL
HOUSING

il
VLR

227

YA

SWIVEL
SHAFT

7

Figure 1. Cross Section of the Hydraulic Swivel
Functions

The number of each port is on the upper flange of the
housing.

Port Number 1.

Hydraulic oil under high pressure flows through this port
when the boom is being lowered. When raising the
boom, hydraulic oil under low pressure flows through
this port.

Port Number 2.

Hydraulic oil under high pressure flows through this port
when the boom is being extended. When retracting the
boom, hydraulic oil under low pressure flows through
this port.

Port Number 3.

Hydraulic oil under high pressure flows through this port
when the boom is being retracted. When extending the
boom, the hydraulic oil is under low pressure.

Port Number 4.

Hydraulic oil under high pressure flows through this port
when the winch is being raised. When the winch is
being lowered, hydraulic oil under low pressure flows
through this port.

Port Number 5.

Hydraulic oil under high pressure flows through this port
when the winch is being lowered. When the winch is
being raised, hydraulic oil under low pressure flows
through this port.

Port Number 6.

Hydraulic oil under high pressure flows through this port
when the boom is being raised. When lowering the
boom, hydraulic oil under low pressure flows through
this port.

Port Number 7.

Hydraulic oil under low pressure flows through this port
from the winch motor drain.

Maintenance

Normally, the hydraulic swivel needs no maintenance
except regular maintenance of the hydraulic oil in the
system. Dirt or foreign material in the oil can cause
damage to the seals or the chrome surface of the
housing. Failure of the seals will cause internal leakage
between the passages.
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@ _— COVER
O — oRiNg

CC > —— RETAINING RING
BEARING WASHER —&C>

MOUNTING BOLTS \..,.?

® 1
!
L~

SWIVEL HOUSING

~ SQUARE CUT 93 j
. ' LOADER RING ~—___"

SLIPPER SEAL —

O-RING —— CODE =" 5¢T ) —— BACK:UP RING
2 SQUARE CUT

= -~ LOADER RING
O-RING —— C D) -~ - R~
2 o6 - ~—— SLIPPER SEAL

Figure 2. Hydraulic Swivel

. Troubleshooting the circuits. It is important to know the arrangement of the
_ passages in the hydraulic swivel. Remember that the oil
Leakage between the passages of the hydraulic swivel will  will always follow the path of least resistance.

cause loss of power or possible wrong operation of one of
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SERVICING THE HYDRAULIC SWIVEL

NOTE: The area around the swivel and the swivel
must be completely cleaned before removing the
swivel from the machine.

Removal

1. Stop engine and move the controis in both
directions to release pressure in hydraulic
circuits.

2. Puttags on the hydraulic lines with the number
of the hydraulic swivel port to which the
hydraulic lines connect.

3. Disconnect the hydraulic tubes from the upper
and lower swivel ports. Be prepared to collect

the hydrautic oil in the lines. Put caps or plugs

on the fittings and hydraulic lines.
4. Remove the stop from bottom of the swivel.

5. Putasupport under the swivel. Remove the two
brackets from top of swivel.

6. Remove the hydraulic swivel.
Disassembly

1. Remove three bolts and lock washers (1, 2) from
. the top cover. Remove the top cover (3) and the
o-ring (4). Discard the o-ring (4).

2. Remove the retaining ring (5) and bearing
washer (6) from the hydraulic swivel.

3.  Carefully pull the swivel shaft from the swivel
housing. If the swivel shaft can not be pulled
from the swivel housing, hit the top of the
swivel shaft with a soft hammer.

4. Remove and discard all o-rings, back-up rings
and seals.

Inspection

Wash the housing and the shaft in a sdlvent that is
not flammabte.

Check the housing for damage. If there is scoring or
deep grooves, the housing must be replaced.

Use compressed air to remove foreign material from

‘the passages in the shaft. Check the shaft for rough

edges that can cause damage to the seals during
installation, )

Install new seals, o-rings and back-up rings. A seal
kit is available for repair of the hydraulic swivel. See
Parts Catalog. The new seals must be installed dry.

Installation

IMPORTANT: The hard rubber, slipper seals (10 and
14) must be warm before installation. Heat the seals
with a trouble lamp. Do not apply lubrication to the
seals before installation.

1. Install one o-ring (12) in lowest groove on the
shaft. ‘

2. Install one square cut loader ring (9) in the next
groove of the shaft, followed by the slipper seal
(10) which has been heated.

3. Install two back-up rings (8) and one o-ring (13)
in each of the next six grooves on the shaft. The
o-ring must be between the two back-up rings.
Use a soft tool to fit each o-ring over the top of
the shaft and into position in the groove. Use
care not to cause damage or distortion to the
o-rings and back-up rings.

4. Install the other équare cut loader ring (15) and
heated slipper seal (14) in top groove on the
shaft,

L)
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. Lock washer

Top cover
O-ring

; Retainer ring

Bearing washer
Housing

Back-up washer (Teflon)
Loader ring (square cut)
Slipper seal

. Shaft

. O-ring

. O-ring

. Slipper seal

Loader ring (square cut)

STOP

o
SWIVEL 3

Figure 3. Hydraulic Swivel
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Figure 4. Installation of Rings and Seals

Assembly

1.

Apply clean hydraulic oil to the outside of the
shaft and inside of the housing.

CAREFULLY install the shaft into the housing.
Make sure that the o-rings and seals are not cut
during installation. Turn the shaft slowly by
hand while you push the shaft into the housing.

Install the bearing washer (6) and snap ring (5).
Then install the new o-ring (4) and top cover (3).
Fasten top cover with three bolts and lock
washers (1 and 2).

Test

Pressure test using oil at 100 S.S.U. while rotating
the swivel. Test all ports at 3000 psi (20 685 kPa).

Installation

1.

Put the hydraulic swivel in place on the
machine. Fasten the hydraulic swivel to the two
brackets on the mast.

Figure 5. Shaft Complete with Seals

2. Install the swivel stop to the bottom of the
.hydraulic swivel,

3. Connect the hydraulic lines to the lower ports
of the hydraulic swivel.

4. Fill the {ower hydraulic system by adding
hydraulic oil through the upper ports of the
hydraulic swivel. ‘

5. Connect the hydraulic lines to the upper ports.

6. Start the machine to move the hydraulic oil
through the hydraulic swivel.

NOTE: Do not rotate the mast until the oil has moved
through the hydraulic swivel for several minutes.
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SERVICING THE HYDRAULIC CYLINDERS

Removal

1. Put a support under the component to which
the cylinder is fastened. Make sure the
component can not fall after the cylinder is
removed.

2. Stop the engine. Release the pressure in the
cylinder circuit by moving the control back and
forth several times.

3. Disconnect the hydraulic lines from the
cylinder. Put caps on the hydraulic lines to keep
dirt out of the system.

4. Connect a hoist to lift the weight of the
cylinder. On the crowd cylinder, make sure the
cylinder has support on both ends to prevent
bending.

5. Remove cylinder mounting pins. Remove
cylinder.

NOTE: For instructions on removal and repair of the
crowd cylinder, see page 8290-11.

Disassembly

The following procedure gives general instructions
for repair of the hydraulic cylinders. See illustrations
for relation of the component parts.

1. Put the ports of the cylinder down and drain the
oil from the cylinder.

2. Fasten the base of the cylinder in a vise with
soft jaws. Put a support under the rod so the
cylinder is level.

3. Useaspanner wrench to loosen and remove the
head gland. Slide the head gland forward on the
rod.

4. Pull the rod and piston straight out of the
cylinder tube. If necessary, air or hydraulic
pressure can be applied to the base port of the

cylinder to push the piston and rod out of the
cylinder tube.

5. The piston is fastened to the rod either by
internal threads or with a bolt or locking nut. To
remove the piston:

a. Fasten the eye of the rod in a vise with soft
jaws. Put a support under the opposite end
of the rod so the rod is held in a level
position. Use care not to cause damage to
the chrome surface of the rod.

b. On pistons which have internal threads,
remove the set screw or clevis pin. Use a
spanner wrench to loosen and remove the
piston. '

¢. On pistons which are fastened with a bolit
or. locking nut, use a socket and an
extension to loosen.

6. Remove and discard the o-rings, back-up rings,
wear rings, rod wiper and seals.

Inspection

Wash the parts in a solvent that is not flammable.
Use compressed air to remove all residue.

Check the bore of the cylinder tube for damage or
distortion. Move the piston through the full length of
the cylinder and check the clearance between the
piston and the bore of the cylinder. If there is
damage or distortion, replace the cylinder tube.

Look for damage to the chrome surface of the rod.
The rod must be smooth and straight. A bent rod
indicates possible loss of strength in the rod and
replacement is necessary. If the chrome surface has
damage, completely remove the old chrome and
apply new chrome .001 inch (.03 mm) thick.

Remove any rough edges on the piston to prevent
damage to new rings during installation.




Assembly

1. Install new rings, rod wiper and seals on head
gland. See illustrations for location and correct
installation.

2. Apply hydraulic oil to the rod and slide the
assembled head gland on the rod.

3. Assemble the rings and seals on the piston,

4. Fasten the piston to the rod and tighten to
specified torque. See illustrations. On pistons
with internal threads, install the set screw or
clevis pin and cotter pin.

5. Apply hydraulic oil to the bore of the cylinder
and the rings on the piston. Carefully slide the

piston-and rod into the cylinder. Keep the rod .

straight during installation. Use care not to
cause damage to the piston rings when you
install the piston through the threads in the
bore of the cylinder tube. )

6. Slide the head gland into the cylinder tube and
tighten to specified torque. See illustrations.
Install the locking screw or bolts.

Test

1. Fill cylinder with clean hydraulic oil. To test
piston sealing rings, continue to push oil into
rod end after cylinder has hit bottom. Test to
3500 psi (24 130 kPa) static, in both directions,
Steps 2 through 5.

2. Move the cylinder rod through two complete
strokes at 800 psi (5 510 kPa) to remove air from
the cylinder. Look for external leaks. If the
pressure difference between cylinder ports is
more than 100 psi (689 kPa) during the second
stroke, the cylinder assembly is not acceptable.
Disassemble and inspect for foreign material or
wrong assembly.

3.  Wipe cylinder rod clean, then move the cylinder
through four complete strokes at 800 psi (5 510
kPa), but do not permit cylinder to hit bottom on
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each retract stroke. After four strokes, extend
cylinder rod just enough to see how much oil
has collected during the first four strokes.
Inspect the rod for indication of rod seal
leakage. A thin layer of oil on the rod is normal.

Fully retract cylinder. Keep base port open.
Apply 3500 psi (24 130 kPa) of pressure to rod
port. Hold this pressure for a minimum of 10
seconds. Visually check for internal and
external leakage. No internal or external
leakage is permitted.

Fully extend cylinder. Keep rod'port bpen.
Apply 3500 psi (24 130 kPa) of pressure to base
port and hold for minimum of 10 seconds.
Visually check for internal and external
leakage. No internal or external leakage is
permitted.

Put plugs in cylinder ports to keep out dirt
during instaliation.

Installation

1.

Install cylinder on machine using the correct
mounting hardware.

Connect hoses and tubes.

-Lubricate cylinder grease fittings with moly-

disulfide grease.

Check hydraulic oil level and add Case TCH
Fiuid as required.

Start the engine and operate the cylinder(s)
through several complete cycles to remove air.
Check for leaks. Operate cylinders slowly and
do not let the cylinders hit bottom until
movement is positive in both directions. After
the circuit is filled with oil, the cylinders can be
operated normailly.,

NOTE: If the cylinder(s) does not move in correct
direction when the control lever is actuated, check
for wrong hose connections.
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1. Grease Fitting (2)

2. Bushing (4) ‘ . ‘
3. HoldIng Vaive ‘ “ |
4. Back-up Ring ‘ ®
5. O-Rlng (( y — — \l

......
6. Rod

= JE e m——

10. Wear Ring
11. Nut
12. Head

13. Seal
14, Wiper
15. Barrel

TIGHTEN TO A TORQUE
OF 800 FT-LB. (5520 Nm)

Figure 1. Holst Cylinder
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ZAANNNRNNNERTER
YR XA BRI P&

3. Wiper TIGHTEN TO ATORQUE 2
4. O-Ring OF 110 FT-LB. (759 Nm)
5. Seal

6.Piston
7. 0-Ring
8. Back-up Ring
9. Head
10. Seal
11. Wiper
12. O-Ring
13. Rod

iy o0\ ”

Figure 2. Outrigger Horizontal Cylinder

|
|
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1. Rod Assemly
2. Wiper Seal

3. Seal

4. Head

5.Back-up Ring

6. O-Ring

7. O-Ring

8. Barrel

9. Nut

10. Back-up Ring
11. O-Ring

12. Wear Ring(2)
13. Plston

14. Plug

15. Plug

\1 o 9 TIGHTEN TO A TORQUE
1 OF 110 FT-LB. (759 Nm)

Figure 3. Outrigger Jack Cylinder
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Holding valve 14. Seal

t
2. Cylinder tube 15. Cylinder haad
3. Wearring 16. O-ring
4. Seal 17. Screw
s. O-ring 18. Piston
6. Intermediate tube 19. Wear ring
7. Back-up ring 20. O-ring 8 7
8. O-ring 21. Seal - : 7 \ 1
9 Cylinder head 22. Bearing guide ‘ \ \ 4 '
10. O-ring 23. Retaining ring |
11. Screw (Qty. of 2) 24. Rod seal P '
12. Spacer 25. Wiper ring !
13  Wiper ring ‘ 26. Piston rod 6 |
I
|
”
7
- USEDON
STANDARD BOOK
e

BOOM ONLY

TT T T TTT ™

Tighten to a torque of
24 600 Ib-ft (813 Nm)

Figure 4. Crowd Cylinder

1
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~
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_ 7 USED ON LONG N
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EXTENDING: OIL ENTERS HERE

A
XS

CROWD CYLINDER

AND MOVES OUTER

WHILE INNER PISTON IS MOVING OUTWARD,
OIL FROM INNER CHAMBER ENTERS

P|ST°\N HERE AND LEAVES THROUGH THIS TUBE
a, " 2 & T & Z 27T &F 2 Z
0 N i
;i@? ’ | i
. O LY il 'l:l' Y —l - — n -
“““ > =2 = i i n ‘

\—OIL ENTERS HERE TO PUSH
INNER PISTON OUTWARD.

OIL LEAVES HERE AS
OUTER AND INNER PISTONS
MOVE OUTWARD.

Figure 3. Cross Section of Crowd Cylinder
Shows Oli Flow Through Cylinder in a Direction to Extend the Cylinder

General

The crowd cylinder is telescopic and includes an
inner and outer cylinder. The intermediate tube is
both the rod for the outer cylinder and the cylinder
tube for the inner cylinder.

Removal

See Disasse_mbly of Boom, Section 9211.

Disassembly

1.

Leave retaining ring and bearing guide on inner
cylinder head unless replacement is necessary.

With a spanner wrench, loosen and remove the
head from the outer cylinder.

Pull inner cylinder assembly straight out of
cylinder tube. Apply shop air to base port if
necessary to help in removing the inner
cylinder.

Loosen and remove head of inner cylinder. Use
a spanner wrench. It will be necessary to hoid
the outer cylinder piston with a pipe wrench in
the area that is not machined.

IMPORTANT: Use care not to cause damage to
machined surfaces.

5. Pull inner cylinder rod from intermediate tube.
6. Loosen piston set screw and remove piston
from inner cylinder rod. '

7. Replace all o-rings, back-up rings, wear rings,

wipers and seals.
inspection

See Inspection, page 8290-2.

Assembly

1.

2

Make sure all parts are clean and dry.

Install rod wiper and seal in head of inner
cylinder. See cross section views for correct
installation. Instail o-ring carefully over threads
and into position against flange on head. Use
care that the o-ring is not rolled or cut.

Lubricate and install inner head assembly on
cylinder rod.

&




Install wear rings and seal on outer diameter of
the inner cylinder piston. Install o-ring between
two back-up rings in bore of piston.

install piston assembly on inner cylinder rod.

Tighten to a torque of 600 Ib-ft (813 Nm). Install

piston set screw.

Install rod wiper and seal in bore of outer
cylinder head. See illustration for correct
instatlation. Install o-ring on outside of head.
Use care that the o-ring is not rolled or cut.
Lubricate and install the head assembly on the
intermediate tube, Slide spacer on intermediate
tube. Do not tighten the set screw at this time.

Lubricate piston seals, guide tube and bore of
intermediate tube with clean hydraulic oil. Slide
inner piston and rod assembly straight into
intermediate tube. '

8.

10.

11.

12.

13.

8290-9

| Tighten inner cylinder head until flange on head

is in contact with lip of intermediate tube.
Continue to tighten the head by hitting the
spanner wrench with a soft hammer until all
turning movement stops.

Install wear rings and piston loading seal on
outer cylinder piston.

Slide the external spacer into position tight

against inner cylinder head and tighten the set
screw until secure.

Lubricate piston seals and bore of outer
cylinder tube. Slide intermediate tube and inner
cylinder assembly into outer cylinder tube.

Tighten outer cylinder head until contact is
made between head flange and lip of cylinder
tube. Continue to tighten by hitting the spanner
wrench with a soft hammer until all turning

' movement stops.

Fill and test cylinder per instructions on page
8290-3.
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CONTROL LINKAGES

General | ’

- |
The control cables have a teflon lining and do not |
normally need lubrication.

VIEW /5

@0 12

N _CONTROL CABLE
@ \/ 92" (2 340 mm)
R A

>

Figure 1. Control Linkages — Hydraulic Valves
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SERVICING THE OUTRIGGERS

WARNING: To prevent injury or death. do
not work under raised machine unless:

Main frame is on firm support orblocks in a
manner to prevent machine from fatling or
tipping.

Engine is stopped

Transmission is in Neutral

Parking Brake s engaged and wheels
stopped with blocks to prevent machine
movements. )

Key is removed

starting

to prevent accidental

Another person g
assistarce if needed

available to give

Removal

1.

Engage parking brake and put blocks under
wheels to prevent machine movement.

2. Extend -outrigger. Disconnect rod of beam
cylinder from outrigger. Retract the beam
cylinder. ’

3. Lower the outrigger jack just enough to remove
load on the outrigger beam.

4. Stop engine. With key switch in ON position,
actuate outrigger switches in both directions to
release pressure in the hydraulic circuit. Turn
key switch to OFF position.

5. Disconnect two hydraulic lines for the jack
cylinder from bulkhead fittings, location “A”,
Figure 1. There is an access siot in the inner
frame member.

6. Use a hoist to remove outrigger assembly from
the machine.

Disassembly

See Figure 2.

1.

Remove retainer ring (4) from either side of
mounting pin (5). Drive out the mounting pin.

Pull inner box (6) from outrigger assembly.
Disconnect hydraulic lines from cylinder ports.

Remove retainer ring (3) from either end of
mounting pin (2) for the cylinder base. Hold the
cylinder in position and drive out the mounting
pin.

The hydrauliq hoses are held in position .inside
the beam by a clamp. Loosen clamp mounting
bolt and remove hoses.

Assembly

1.

Completely clean the sliding beams and inner
box. Use steam or a solvent that is not
flammable. Also clean the slide contact
surfaces on the main frame.

Install inner box over rod of jack cylinder. Align
cylinder rod with mounting hole in inner box.
Lubricate and install pin (5) and retainer ring (4).

Lubricate inside of outrigger box and outside of

the inner box with STP Oil Treatment or .

equivalent,

Align and install the cylinder assembly into
outrigger. Lubricate and install cylinder base
pin and retainer ring 2, 3).

Install hydraulic lines and connect to cylinder
ports. Tighten hose clamp to hold hoses in
position inside the beam.

Route the hoses around the V-groove in end of
sliding beam and along outside of beam. Use a
rope to hold the hoses in this position for
installation.

For identification of the hoses after assembly
into the main frame, put a tag on the hose
which connects to the cylinder base port.
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HYDRAULIC HOSE INSTALLATION

30.75"

1./107 e S
(254 mm) TS

e s e et

INSTALL PLASTIC
TIE AT THIS
LOCATION

TOP LINE CONNECTS TO
CYLINDER BASE ON L.R.
AND R.F. OUTRIGGER AND

TO CYLINDER ROD PORT

ON R.R. AND L.F. OUTRIGGERS

JACK
CYLINDER

OUTRIGGER - ==
ASSEMBLY

Figure 1. Outrigger Installation
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lnstallatlon
1.

Lubricate the slide blocks inside ‘the main
frame with STP Oil Treatment or equivalent.

Use a hoist and install the outrigger assembly 4.

into the main frame.

Connect hydraulic lines to bulkhead fittings. 5,

Make sure that the hoses are routed closely
along the side of the beam and will not be
damaged when outrigger is retracted.

1. Beam Assembly 7. Retainer ring

2. Pin - Cylinder base 8. Pin - Rod of beam cylinder
3. Retainer ring 9. Bolt

4. Retainer ring 10. Washer

§. Pin - Cylinder rod 11. Nut

8. Inner box 12. Bracket

Figure 2. Outrlgger Assembly

Connect rod of beam cylinder to outrigger box.
Install rod mounting pin and retaining ring.

Apply a thin, even layer or STP Qil Treatment to
slide contact surfaces on sliding beams.

Operate outrigger to check for correct
installation. Stop the engine. Check for leakage
at hose connections.
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MAINTENANCE AND ADJUSTMENT

Maintenance
Swing Gearbox

The gearbox has a worm gear set which rotates on
taper roller bearings. The gears and bearings are given.
~ lubrication by the grease in the gearbox. Gaskets
prevent external leakage in the gearbox.

Keep gearcase filled with grease. If low, add
multipurpose EP Lithium base grease (See Figure 1).

PINION ~—__ N
NN VENT PLUG
N 3 _
.——-w\ ,,_ WORM
all R GEAR
QJ -
A 4

Figure 1. Swing Gearbox

Swing Gear/Pinion

Clean, adjust, then lubricate swing gear/pinion monthly
or every 250 hours. Using brush, apply open gear lube
to pinion/gear. Keep hands clear of rotating pinion and
gear (See Figure 2).

Figure 2. Swing Gear/Pinion

Adjustment of Swing Gear/Pinion Lash
Swing Gear/Pinion Lash

1. Remove swing pinion cover.

2. Start machine and rotate mast until high point on
gear is in alignment with pinion (See Figure 3).
(NOTE: Hight point is punch-marked on edge of
mast base plate after factory assembly). Lash at this
position between gear and pinion should be between
0.005 and 0.015.

3. Looserl slightly the four bolts seduring the
rotationigear reducer.

4. With spanner wrench, tum eccentric ring at pinion to

set correct lash.
5. Retighten bolts to appropriate torque.

6. Replace swing pinion cover.

\

\
HIGH POINT
PUNCH MARK

@ o\
ECCENTRIC
ROTATION GEAR RING
REDUCER BOLTS

Figure 3. Adjustment of Gear/Pinion Lash

WARNING: Before removing swing chain or
swing gearbox, make sure machine is level
and mast is stopped to prevent rotation.




SERVICING THE SWING GEARBOX

Removal

1. Use a hoist or blocks to hold boom in position and
prevent rotation of mast.

2. Remove swing motor from gearbox. IMPORTANT:
Do not rotate mast after hydraulic motor has been
removed from swing gearbox. Internal bearings
will become dislodged. Make a note of the' position
of the swing motor for installation.

3. Provide support and remove the four bolté which
fasten the gearbox to the frame. Remove the
gearbox from under the unit.

Disassembly

1. Clean outside of gearbox before disassembly. |

2. Loosen bolts (34) from bottom cover (1). Remove
bottom cover (1) from the gear housing.

3. Keep the shims (25 and 26) together.

4. Pull the gear and shaft assembly out of the gear

housing.
5.  Used a bearing puiler to remove the bearing cone.

Procedure 'to Disassemble the Worm Gear

6. Loosen the bolts (3) and remove bearing retainer

(8).

7.  Remove the worm gear shaft (16) from the gear
case.

8.  Use a bearing puller to remove the bearing cones
(13 and 28) from the worm gear.

Inspection

Ciean all parts. See Section 1055. Make sure

the breather is clean. Make a careful inspection

of all parts, including gears, shafts and
bearings. ‘

Replace all parts that have wear or damage.
Make sure all finished parts are clean and
smooth.

Replace all seals and gaskets.
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- '
1. Housing cover ~ - S /@

2. Gear Worm @1 ‘e gy £ 7

3. Bearing container ok B

4. Worm ‘ ,7/’ /Q N 19

5. G‘sk.t . ' a ' ZI’ . '{r:. .’g,o,' 12

6. O-ring _ \EZEXE /V #] S

7. Spacer (7 7 7 )7 S > ST 5 P

8. Bearing retainer : ..‘/ 52/‘5// : / > 7.., . ; -

9. Worm gear housing : __@/ 7/ // o 1

10. Spacer — i

11. Output pinion shaft . 1P

12. Castel nut —— — 23
13. Cone bearing

14. Cup bearing

15. O-ring

16. Pipe piug

17. Cone bearing

18. Cup bearing

19. Ball bearing
Nation seal
Nation seal

Vent plug

Cotter key
Hydraulic motor gasket
Metal shim (1/64)
Metal shim (1/32)
Drive screw
Cone bearing
Cup bearing
O-ring

Alemite plug
Label plate
Capscrew
Capscrew
Capscrew

Lock washer
Flat washer

HERRERREBRNIRRBREY

@' | ' {24

.F.SO 13 @

Figure 4. Swing Gearbox
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MAINTENANCE

General

The telescopic boom with three sections is standard
equipment. The fourth section is optional (standard
height units only). See Operator’'s Manual for
adjustment of the fourth section.

Wear bars are installed between the box sections to
keep friction and side movement to a minimum.

Location Quantity
Top rear of Sections 2, 3, 4 2/section
Bottom front of sections 1, 2, 3 2/section
Sides of sections 2, 3, 4 2/section
Head of crowd cylinder 4
Rod of crowd cylinder 1

The boom is hydraulically extended and retracted by
a cylinder inside the boom. Holding valves on the
boom cylinders prevent lowering or retracting of the
boom unless the engine is running. For information
on the cylinders and the hydraulic circuit to the
cylinders, see Sections 8211 and 8212.

Bdom Lubrication

Clean and apply lubrication to all areas of contact
between the boom sections every 50 hours or when

boom slide becomes dry. Use bronze anti-seize, STP Ol
Treatment, or equivalent.

APPLY
LUBRICATION
! RETRACT BOOM. APPLY LUBRICATION
1 TO TOP WEAR BLOCKS THROUGH

FOUR HOLES. ‘

Figure 1. Boom Lubrication

There are grease fittings on the sheaves in the boom
head, on the hoist cylinder and on the boom pivot,
Apply grease to these areas at intervals shown on

Maintenance Chart, Section 1050.

SERVICING THE BOOM

Removal of Sequencing Boom and Crowd
Cylinder

NOTE: It is not necessary to remove the boom from
the mast.

1. Retract the boom. If the crowd cylinder cah not
be retracted, it is possible to use the winch to
pull the boom sections together:

a. The holding valve .must be removed to
permit crowd cylinder to retract. See
Section 8212,

b. Engage and hold the crowd control lever in
a positiqn to retract the boom.

c. Raise the hook block until there is contact
between the boom sheave and the hook
block.

d. Slowly pull boom sections together with
the winch. Stop immediately if boom does
not retract easily. Damage can be caused
to crowd cylinder or boom components.

e. Return both control levers to the Neutral
position,

2. Disconnect the hydraulic lines from the fittings
at the rear of the crowd cylinder. Instali caps
and plugs on the fittings and the hydraulic
lines.




NOTE:

THE TWO SECTIONS BELOW
REPLACE THE THIRD BOOM
SECTION ON 4-SECTION
BOOMS

SPACER

SHIMS

9211-3

FOURTH SECTION
BOOM

. BEARING
<—— SPACER

THIRD SECTION BOOM
WEAR BUTTON

LOWER FRONT SLIDE

ol

> WEAR BUTTON

SEQUENCING BOOM

CROWD CYLINDER

CYLINDER MOUNTING PLATE

Figure 2. Boom Assembly
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ROLL PIN
(QUANTITY OF 3)

Remove the pin from the rod end of the crowd
cylinder. After the pin is removed, the
~ sequencing boom and crowd cylinder can be
removed out the rear of the first section boom.
Use a hoist to lift the sequencing boom and

damage or wear. If the bearing blocks are badly
worn, replacement is necessary.

Removal of Boom from Machine

Remove hook block and wire rope.

2. Retract boom.
] ] 3. Remove the jib boom, if installed.
\ 4. Raise the boom untii the pin in the rod of the
CYLINDER
PLATE i
SHIMS hoist cylinder can be seen.
. 5. Connect a hoist to the boom that will lift more
Figure 3. Rear of Main Boom than 2000 Ib (906 kg).
Three roll pins fas.ten the crowd cylinder to the 6. Release the hydraulic pressure in the winch
end plate of the first section. Remove the roll and crowd circuits. Disconnect the hydraulic
pins. tubes on the boom from the hydraulic hoses on
. the mast. Put caps and plugs on th li
Remove the bolts which fasten the end plate to tubes and hl;dr:tﬂ?c h:s:sugs e hydraulic
the first section. Remove the end plate and R )

shims. ' 7. Remove the pin from the rod of the hoist
cylinder. Retract the rod of the hoist cyli 2
Remove the four bolts which fasten the flange P):.nt a suppo: under the cylinder stoc:r:\f’eer:t

on the rear of the sequencing boom to the rear ‘ damage to the cylinder

of the second section. )
8. Remove the boom pivot pin and remove the

boom. Put the boom on blocks or steel horses.

CAUTION: tf sequencing boom and crowd
A cylinder have been removed. do not

crowd cylinder away from the machine. permit the boom to be lowered below the

horizontal position. Boom section will slide out

7. Remove the crowd cylinder from the if boom is not in horizontal position.

sequencing boom.

a. Remove the bolts which fasten the frontof ~ Disassembly
the sequencing boom to the flange on the
outer rod of the crowd cylinder. 1. If sequencing boom and crowd cylinder have

not been removed, remove the sequencing
b.  Pull the crowd cylinder out through the boom and crowd cylinder at this time.
front of the sequencing boom. Be careful
not to cause damage to the hydraulic tube 2.

on the crowd cylinder.

Four Section Boom: Using a hoist, slide the
fourth section from the third section. Then,
slide the third section from the second section.
Next, slide the second section from the first
section,

8. Make an inspection of the bearing blocks on
the flange of the crowd cylinder. Look for




Three Section Boom: Using a hoist, slide the
third section from the second section. Then,
slide the second section from the first section.

3. Replace any wear blocks that are worn. Replace
any boom sections and parts that have damage.

Assembly

NOTE: Use Loctite (blue) on all retaining screws for
the wear plates.

1. Clean new boom section:

a. Remove all paint from threads of boit
holes.

b. Remove all residue from inside of the
boom section with compressed air.

2. Install all wear blocks that were removed.

3. Four Section Boom: Apply lubrication to top
and bottom of the inside surfaces of the third
boom section. Apply lubrication to the sides
(outside surface) of the fourth section. Using a
hoist, slide the fourth section into the third
section,

Apply lubrication to the top and bottom of
inside surfaces of the second boom section.
Apply lubrication to sides (outside surface) of
the third boom section. Using a hoist, slide the
assembled third and fourth boom sections into
the second boom section.

Three Section Boom: Apply lubrication to top
and bottom of the inside surfaces of the second
boom section. Apply lubrication to the sides
(outside surface) of the third section. Using a
hoist, slide the fourth section into the second
section.

4. Apply lubrication to the top and bottom of the
inside surfaces of the first boom section. Apply
lubrication to the sides (outside surface) of the
second boom section. Using a hoist, slide the
assembled second boom section into the first
boom section.
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5. At this time, install the sequencing boom and
crowd cylinder.

Installation of Sequencing Boom and Crowd
Cylinder

1. Install the crowd cylinder into the sequencing
boom. Fasten the flange on the crowd cylinder
to the sequencing boom with four bolts and
washers.

2. Use a hoist to install the sequencing boom into
the boom assembly. Fasten the sequencing
boom to the second section with four bolts and
lock washers.

3. Install the pin in the rod of the crowd cylinder.

4. Fasten the end plate to the first section with six
bolts and lock washers.

5. Install the shims and fasten the crowd cylinder
to the end plate with three roll pins.

6. Connect the hydraulic tubes to the fittings on
the crowd cylinder.

7. Operate boom and remove air from the crowd
cylinder. Also, check that the boom extends
and retracts smoothly. Adjust the wear blocks
and apply lubrication as necessary.

Instaillation of Boom .

1. Connect a hoist to the boom that will lift more
than 2000 ib (906 kg).

2. Lift the boom into position on the mast and
install the pivot pin, Connect the rod of the
hoist cylinder to the boom.

3. Connect the hydraulic lines to the boom.

4. Operate boom and remove air from the crowd
cylinder. Also check that boom extends and
retracts smoothly. Adjust the wear blocks and
apply lubrication as necessary.
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WINCHES, SHEAVES AND WIRE ROPE
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MAINTENANCE

Main Winch

The main winch is fastened to the boom through a
mounting bracket. The winch has a hydraulic drive
with a worm gear reduction, similar to the swing
gearbox.

Check oil in gearbox weekly or every 10 hours. For
correct indication, the boom must be in the horizontal
position. The correct oil level is indicated in Figure 1. If
low, add 600 W cylinder oil or equivalent. Every 6
months or 1500 hours, change the oil and clean the
breather. Use a solvent that is not flammable to clean
the breather. it is important that the breather is kept
clean.

BOOMMUSTBE IN .
HORIZONTAL POSITION

Figure 1. Winch Gearbox

Winch Motor

For information on the winch motor and the
. hydraulic circuit to the motor, see Section 8213.

Auxiliary Winch

The auxiliary winch is optional equipment. When
installed, the winch will be under the deck at the front of
the machine. See Figure 2. This winch is electric and is

intended for intermittent use. Prolonged operation may
cause excessive discharge to batteries.

AUXILIARY
WINCH

Figure 2. Auxiliary Recessed Winch

All‘ moving parts in the winch are permanently lubricated
with high temperature lithium grease at the time of
assembly.

Wire Rope

The wire rope has many moving parts and needs
regular maintenance. Make a careful inspection of
the wire rope at least once a month or every 250
hours. Look for damage, rust and general condition.
Keep a record of these inspections. Replace the wire
rope immediately if there is wear or damage.

NOTE: It is recommended that a short section of the
wire rope be removed from the socket end of the
wire rope at regular intervals. This procedure
removes the section with possible damage near the
neck of the socket and puts the wear points into a
new location in the wire rope system.

A

CAUTION: To prevent injury to your hands,
always wear gloves when working with
the wire rope.
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REDUCTION FROM-——-]

NORMAL 5/8 INCH (16 mm) ———
DIAMETER OF MORE THAN
3/64 INCH (1.2 mm) OR FROM
NORMAL 7/16 INCH (11 mm)
DIAMETER OF MORE THAN
1/32 INCH (.8 mm)

MORE THAN 1 BROKEN WIRE
AT A DEAD-END CONNECTION

WEAR GREATER THAN 1/3 DIAMETER OF
OUTSIDE INDIVIDUAL WIRES

EVIDENCE OF HEAT DAMAGE
FROM ANY CAUSE

KINKING, CRUSHING OR
DISTORTION OF ROPE
STRUCTURE

6 BROKEN WIRES IN ANY
ONE LAY OR 3 BROKEN
WIRES IN ONE STRAND
IN ANY LAY

Figure 3. Inspection of Wire Rope

Lubrication of Wire Rope

For maximum life, corrosion of the wire rope must
be kept to a minimum, Often corrosion starts at the
core of the wire rope and is not easily seen. Regular
application of a wire rope lubricant or heavy
crankcase oil is necessary to control corrosion.

One method of lubrication is shown in Figure 4. The
wire rope must be clean and dry before the lubricant
is applied. Move the wire rope slowly through the
lubricant. Remove the extra lubricant with a cloth.
For smoother application, heat the lubricant first.

Frequent applications of the lubricant will give -
better resuits than a heavy application less
frequently applied.

Figure 4. Lubrication

Socket and Wedge

Correct installation of the socket is important.
Always install the socket so the load line is pulled
straight in line with the eye of the socket, as shown
in Figure 5.

When you install the wedge, hit the wedge several
times with a hammer to make sure the wedge is fully
engaged with the socket. If there are tracks in the
goove of the wedge which prevent full contact with
the wire rope, reconditioning or replacement of the
wedge is necessary.

Wire Rope Clamps

Always install the wire rope clamp so the U-bolt part
of the clamp is on the loose end of the wire rope. For
extra protection, always keep a clamp on the loose
end of the wire rope near the socket, as shown in
Figure 5.

LINE OF LOAD PULL/

Figure 5. Socket for the Wire Rope
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Storage of Wire Rope

Use extra care in handling and storage of wire rope.
Permanent damage to the wire rope can be caused if
you hit the wire rope against any hard or sharp
object.

Keep the wire rope in a tight coil until ready for
installation. The storage area must be dry, with
enough ventilation to prevent moisture and rust.

Installation of New Wire Rope

The wire rope is given a natural bend or winding from
the coil. If the wire rope is on a reel, unwind the wire
rope from the reel as shown in Figure 6. Use care to
prevent reverse bend in the wire rope.

1. Make sure that the equibment (winches,
sheaves, etc.) is in good condition.

2. Unwind enough wire rope from the reel to
connect the wire rope to the winch drum. Use
care to prevent twists or sharp bends.

3. Operate the winch slowly‘\to move the wire
directly from the reel to the winch. Make sure

the wire rope winds correctly on the drum.

Loose winding will increase the wear on the
wire rope and cause bad performance.

FROM COIL

WRONG

)

Figure '6. installation of Wire Rope

CORRECT

Figure 7. Correct Winding of Wire Rope

4. After installation, operate the winch with a

minimum load until you see the wire rope is
moving easily over the sheaves and winding
correctly on the drum.

5.  Gradually increase the speed and load until the
wire rope is moving at normal load and speed.
This run-in period adjusts the moving parts to
each other.

WARNING: Use a pry bar or pece of
wood to move the wire rape over the
sheaves or

around the winch drum

Never use your hands

Sheave Maintenance

Each sheave has a grease fitting for lubrication of
the sheave bearing. The location of the fitting is
either in the sheave groove or on the hub of the
sheave. Apply lubrication to each sheave weekly or
after every 50 hours of operation. See List of Grease
Fittings, Section 1050.

Make an inspection of the sheaves monthly or every
250 hours to make sure the sheaves are not causing
damage to the wire rope. The sheave groove must be
smooth and a little larger in diameter than the wire
rope. The sheave must turn freely and without

~deflection. Check the entire groove of each sheave.

Remove any rough areas or sharp edges.

.




NOTE: As wear in the sheave increases, the sheave
groove gets smaller, not larger. Tracks in the sheave
grooves are caused by the wire rope, but the wire
rope will not continue to engage these tracks, as for
example, a chain engages a sprocket. A twist in the
wire rope or a small change of lay will prevent the
wire rope from engaging the track and will mcrease
the wear on the wire rope.
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When the tracks in the sheave grooves are deep
enough to cause damage to the wire rope,

reconditioning or replacement of the sheaves is
necessary.

SERVICING THE MAIN WINCH

Removal.
1.  Remove the wire rope from the winch drum.

2. Release the hydraulic pressure in the winch
circuit and disconnect the hydraulic lines from
the winch motor. Use plugs and caps on the
ends of the fittings and lines.

3. Connect a hoist to the main winch and remove.

the four bolts that fasten the main winch to the
boom. Remove the main winch.

Disassembly

1. Remove the pipe plug from the bottom of the
winch gearbox and remove the lubricant. Install
the pipe plug after lubricant is removed.

2. Loosen the three bolts that fasten the gearbox to

the mounting bracket. Remove the gearbox, brake
and motor from the winch drum.

blsassgnibly — Winch Gearbox
See Figure 8.

1. Remove the winch brake and motor from the
gearbox.

2. Loosen the tweive bolts (29) from the bottom
cover (27). Remove the bottom cover (27).

3. Keep the shims (30) together.

4. Pull the gear and shaft assembly out of the
gearbox.

5. Remove the six bolts (33) to remove the top
cover.

6. With a bearing puller, remove the bbttom
bearing cone (25).

7. Remove the spacer (24) from the shaft.
8. Remove the gear (23) from the shaft.

9. With a bearing puller, remove the top bearing
cone (5). Remove the spacer (6) from the shaft.

10. Loosen the bolts (20) and remove the adapter
(16).

11.  Remove shims (15). Keep the shims together.

12. Remove the worm bear shaft (11) from the
gearbox.

13. With a bearing puller, remove the bearing cones
(10 and 13) from the worm gear.

- Inspection

Clean all parts thoroughly, including the breather.
See Cleaning Instructions, Section 1055. Make a
careful inspection of all parts, especially gears,
shafts and bearings.

Replace all parts that are worn or have damage.
Make sure all finished parts are clean and smooth.

Replace all seals and gaske_ts.




9213-6

Assembly | Installation of Main Winch ._,.

1. To assemble the winch gearbox, follow the 1. Connect a hoist to the main winch and lift the .
basic procedure given for assembly of swing main winch into place under the boom.
gearbox. See Section 9210.

2. | Fasten the main winch to the boom with four
2.  Fill the gearbox with the correct lubricant. See bolts, eight flat washers, four lock washers and
Section 1050. : . nuts.

3. Assemble the gearbox key and winch drum to 3. Connect the hydraulic lines to the winch motor.
' the mounting bracket. Fasten the gearbox to ‘
the mounting bracket with the three bolts and 4. Install the wire rope on the winch drum.
washers. See Figure 8.

WINCH

GEARBOX MOUNTING

BRACKET :
NUT LOCKWASHER

L & WASHER .
SN\ 2 /
®6

_—BOLT (4)

BUSHING \ Y (@ BUSHING

S e
,, 7
WED:'ER:'/ 0% ‘

ROPE

[ _

Figure 8. Main Winch
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Main housing (with bushing)
Mounting adapter
Shim (.005")

Shim (.015")

Cover shim (.005")
Cover shim (1/64)
Gasket

Bearing retainer
Bronze bushing

. Cover shim (1/32)

. Input worm

. Worm gear

. Main housing cover

4. Output key shaft

. Thrust ring

. Drive screw
. Shim (.030")
. Cone bearing
. Cup bearing
. Plug

. Seal

. O-ring

. O-ring

. Reducer bushing
. Vent plug

. Plug

: Magnetic plug
. Capscrew

‘ & L
P2 20 2] [MI iitiiire II'1III N
«a//ll XK ll 'll

Sl ”i_;
) @® 20}13

Figure 9: Wlncl; Gearbox |
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SERVICING THE AUXILIARY WINCH

Figure 10. Below Deck Electric Winch



PNOOLON

10.
1.

Input gear carrier assembly
intermediate gear carrier assembly
Output gear carrier assembly
Solenoid assembly - 12V
Brake/Shaft assembly
Cable drum
Ring gear
Sun intermediate gear - 12V
Sun input gear

End bearing

Drum bushing

12. Bushing

13.
14.
15.
16.

17.

18.
19.

20.
21,
22
23.
24.
25.
26.
27.
28.
29.
30.

Gear housing cover
Capscrew
Capscrew
Capscrew

Screw

Nut

Nut

Nut

Lockwasher

Flat washer
Spacer

Sun output gear
Tie bar

Motor/End bearing
Roll pin

Roll pin

Plug

Lockingring -

3.
32.
33.
34
35.
37.
39.

41,
42,

47.
49.
51.
§3.

54.
85.

Camring
Half ring
Ring gear retainer

.. Spring

U-bolt

Thrust washer

Thrust disc

Cable assembly
Female connector assembly
Black wire assembly
Black wire assembly
Black wire assembly
Black wire assembly
Copper strap

Bracket

Screw

Nut

Flat washer

External tooth washer
Terminal tab

. Solenoid - 12V

Copper strap

Red wire assembly - battery

Black wire assembly - battery

Fairlead Roller assembly - (See Figure 10)
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HOOK BLOCKS

HOOK REPLACEMENT

Replace hook if any of the
following conditions is found:

1 - Cracks or other defects.

2 - Wear reduction more than 10 per
cent in width or depth dimen-
sions at the load bearing section.

3 - Distortion more than 15 per cent
of original throat opening or
more than 10 degrees of twist
from plane of the straight hook.

NOTE: Repair of hook by welding is

not recommended.
. \ ‘,
. 7 |/’

@._
S—

6

Socket and wedge
Bolt

Cotter pin

Ball

Nut

Housing, top haif .
Set screw 12
Nut

Trust bearing

PEINOALLON

Housing, botiom half
Grease fitting

Safety latch

Hook

8
9
10
W11
13

Figure 11. Hook and Ball - 10000 Lb (4500 Kg) Cap.




OONIORINS

Block side plate
Plate

Hook shank
Bronze washer
Slotted nut

Roll pin

Clevis pin

Halr pin

Spacer

Bolt

. Nut
. Lock washer
. Sheave pin

Keeper plate
Bolt

. Lock washer

Bolt
Lock nut
Sheave assembly

. Nylatron spacer washer
. Wire rope clamp

Load decal

Wedge & socket assembly
. Wire rope

Wedge
Wire rope pigtalil

J‘ | 9213-11

HOOK AND BLOCK ASSEMBLY
RATED WORKING LIMIT 17000
POUNDS OR 7650 KILOGRAMS

Figure 12. Hook and Block - 17000 Lb (7650 Kg) Cap.
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MAST, BEARING AND RELATED PARTS
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_ MAST BEARING AND DRIVE

Generai' N

The mast is fastened to the main frame of the Crane ll

through a bearing. The inner race of the bearing is fas- °
tened to the mast. The outer race of the bearing is fas-
tened to the frame. See Figure 1 and 2. Py

The rotation of the mast is done by a gearbox which is
mounted below the deck. A hydraulic motor connected
to the gearbox gives hydraulic power for rotation of the
mast.

The bearing cavity is filled with grease through a grease
fitting on the inner race of the bearing. A slotted hole in
the mast plate allows access to inner race bolts and GEARBOX
grease fitting. An o-ring is installed between the bearing 'HYDRAULIC SWIVEL

and the mast as a grease and dust seal. =

Figure 1. Swing Mechanism
BEARING |
MOUNTING . L BEARING
BOLTS MAST ' MOUNTING'

OUTER nAcﬁ MJ-MJEHI | B MAIN

OF BEARING J - FRAME

e — —

D6 | »-
moale D \ =
‘,:'; L .4 INNER RACE

OF BEARING SWiNG

GEARCASE

Figure 2. Cross Section of Mast Bearing




Mast Bearing o
T

The bearing is a ball thrust bearing. The inner race

rotates inside the outer race on a row of steel balls.

The balls are in groups which are separated by

Ahel ical sprin_gsf_ _

Apply grease to the bearing weekly or every 50 hours of

operation. Use a lithium grease, E.P. No. 2 or
equivalent.

There are two grease fitting to grease the bearing and
are directly across from each other. Rotate, the mast
untill the access hole on the mast plate lines up with the
grease fitting. See Figure 3. Then apply grease to the
bearing. Rotate the mast through several rotations and
then repeat procedure for the other grease fitting. The
old grease will be removed at the bottom of the bearing.

Flg'dre,s. Mast Bearing
Bolts for Mast Bearing

Very high stress is put on the mast bolts during
crane operation. It is important that these bolts be
checked at regular intervals.

Check the torque on the bolts after the first week or
50 hours of operation, and then every month or 250
hours. Make a record of any loose bolt. If any bolt
does not hold the correct torque after the second
check, remove and replace the bolt. A loose bolt
indicates possible failure of the bolt.

IMPORTANT: Use only special hardened bolts for
replacement of the mast bolts. See Parts Catalog. If
any bolts are removed, apply blue Loctite to the
threads of the bolt before instaliation.

9216-3

The tools needed for the torque check are shown in
Figure 4, Tighten each bolit in the order shown in
Figure 5. Use a smooth, firm movement of the torque
wrench to get the final torque. Correct torque on the
bolts is 200 ib-ft (270 Nm). R

B N N T
-7 ‘36" TORQUE WRENCH
5 7 (600 Ib. Capacity)

D——HEX DRIVE .
@ " SOCKET ...

;' Flgure4ToolsNeod‘odfor}heTorquo Chick

NOTE: {f ‘a broken bolt is found, also replace the bolt
on each side of the broken boit.

MAST TO S,
BEARING e
BOLTS R

Figure 5. Tightening Order for the Mast Bolts

R
M




9216-4

REPLACEMENT OF MAST BEARING

Removal

1. Raise the boom until the pin in the rod of the
hoist cylinder can be seen

2. Connect a hoist that will I‘ift more than 2000 ibs

(906 kg) to the boom.

3. Release the hydraulic pressure in the winch
and crowd circuits. Disconnect the ‘hydraulic
tubes on the boom from the hydraulic hoses on
the mast. Put caps and plugs on the hydrcnuhc
tubes and hydraulic hoses. ’

4. Remove the pin from the rod of the hoist
cylinder. Retract the rod of the cylinder. Put a
support under the cylinder to prevent damage
to the cylinder.

5. Remove the boom pivot pin and remove the
boom. Put the boom on blocks or stéel horses.

6. Remove the swlvel stop from bottom of the
hydraulic swivel, Figure 6.

o

SWIVEL STOP- TT~~—17.poRT
HYDRAULIC
. SWIVEL
1 .
~
“-
Figure8. . “‘Fffél o

7. Put tags on the hydraulic tubes wlth the nunnber"’

of the hydraulic swivel port to which the
. hydraulic tube connects.

8. Disconnect the hydraulic tubes from the lower
swivel ports, Put caps and plugs on the fittings
and hydraulic tubes.

T

CROTBE N ki

10.’

1.

12.

Connect a hoist to the mast. Remove the twenty
two bolts which fasten the mast to the mast
bearing.

Remove the mast and put on blocks.

Remove the 24 bolts which fasten the mast
bearing to the frame.

Use a holst to remove the mast bearing.

Instaliation

1.

Use a solvent to clean the holes for the bolts in
the bearing plate on the frame. Remove the
residue with compressed air. Clean all dirt from
the bearing plate.

Put the mast bearing In place on the bearing
plate.

Apply Loctite (blue) to the threads of the bolts.
Install the boits to fasten the mast bearing to
the bearing plate.

Figure 5 shows the order for tightening the
boits. Each bolt must first be tightened to a
torque of 200 Ib-ft (271 Nm) and then loosened a
small amount. Next, tighten the bolts again to a
torque of 200 Ib-ft (271 Nm).

Make sure the top surface of the mast bearing and
the bottom surface of the mast base are clean.

With a hoist, lower the mast into position over the mast

bearing.

Align the holes for bolts in the mast bearing and the
mast base plate.

Do not use Loctite “on the boits. By hand,
tighten each boit.

—

\.
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Figure 7. Mast and Bearing Assembly
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10.

1.

12.

Figure § shows the order for tightening the
bolts. Each boit must first be tightened to a
torque of 200 Ib-ft (271 Nm) and then loosened a
small amount. Next, tighten the bolts to a
torque of 200 Ib-ft (271 Nm).

Install the swivel stop to the hydraulic swivel.

Connect the hydraulic tubes to the caorrect

ports on the hydraulic swivel.

With a hoist, lift the boom into position over the
mast. Align the holes for the boom pivot pin in
the mast with the holes in the boom. Install the
boom pivot pin.

13.

14,

15,

16.

Raise the boom with the hoist. Lift the hoist .

cylinder into the vertical position and extend
the rod of cylinder. Align the pin hole in the rod
with the pin hole in the boom and install the
pin.

Connect the hydraulic tubes on the boom to the

hydraulic hoses on the mast.

Apply grease to the boom pivot pin and pin in
the rod end of the hoist cylinder. Apply grease
to the mast bearing.

Operate the boom to remove air from the
hydraulic lines. '




