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REPORTING OF ERRORS

You can help improve this publication. If you find any mistakes, or if you know of a way to improve the proce-
dures, please let us know. Mail your letter, DA Form 2028 (Recommended Changes to Publication and Blank
Forms), or DA Form 2028-2 located in the back of this publication direct to: US Army Tank-Automotive Com-
mand, ATTN: DRSTA-MBP, Warren, Ml 48090. A reply will be furnished to you.

PART LONE.l CRANE SHOP MANUAL
CRANE REPAIR PARTS MANUAL
[THREE] FRONT AXLE, TRANSMISSIONS, AND WINCHES

NOTE: Refer o TM 5-3810-293-14&P-1 for Crane Operator's Manual, Weighload Automatic Safe Load Indicator, Supplemental
Maintenance and Repair Parts Instructions.
NOTE: Referlto TM 5-3810-293-14&P-3 for Engine Operator's Manual, Engine Service Manual, and Engine Parts Catalog.

This technical manual is an authentication of the manufacturer's commercial literature and does not conform with the format
and content specified in AR 310-3, Military Publications. This technical manual does, however, contain available information
that is essential to the operation and maintenance of the equipment.
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How TO USE THIS SHOP MANUAL

This Shop Manual is divided into the major sections shown above. Each major section can be located using the margin tab
marks on the right edge of this paga as shown in the sketch below.

This manual has been planned to allow new information to be added as design changes occur, this eliminating the need for
new manuals on the same basic machine model. This will be the only Shop Manual on the Model T-250.
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SECTION |

SECTION |
INTRODUCTION

SCOPE

This manual provides maintenence personnel with informa-
tion and instructions for servicing and repairing this
machine. In order to becomes familiar with the various parts
of the machine, it is urged that maintenance personnel
study the instructions end illustrations in this manual and
use it es a reference when performing repair or maintenance
operations.

An Operators Manual is provided with each machine for the
purpose of providing the essential information regarding
day-today maintenance, adjustment, and lubrication of the
machine.

NOTE

Sections |, Il and Il of the Operators Manuel have
been duplicated as the first three sections of this
manual to provide maintenance personnel with the
tabulated data, controls and operation, and lubrica-
tion information that may be necessary in the per.
formance of repair or maintenance operations.

GENERAL INFORMATION

The information, specifications and illustrations in this pub-
lication are based on the information in effect at the time
this manual was printed. Continuing improvement and ad-
vancement of product design may cause changes to your
machine which may not be included in this publication.
Each publication is reviewed and revised, es required, to
update and include these changes in later editions.

When a question arises regarding your machine, or this pub
lication, please consult your Harnischfeger representative
for the latest available information.

Any part numbers which appear in this manual are for ref-
erence only; refer to the P&H Replacement Parts Manual
when ordering parts.

SAFETY

Proper maintenance of a machine is essential to its safe
operation. Catalog 221, Safe Operating Practices, has been

prepared es a guide to safe maintenance practices as well as
to safe opereting practices. It is strongly recommended that
all serviceman read and become familiar with Catalog 221
as a pert of service training for this machine.

One copy of Catalog 221 is furnished with each new ma-
chine. Additional copies of Catalog 221 are available, in
reasonable quantities, at no cost. Submit such requests to
the Harnischfeger Technical Publications Department.

SERIAL NUMBER LOCATION

[Eigure T-T] illustrates the machine serial number which is
located on the lower front side of the operator’'s cab. Al-
ways indicate the machine serial number in all correspond-
ence to properly identify the machine, and to ensure that
correct parts are obtained, when ordered.

Figure 1-1. Machine Serial Number

WARRANTY

The terms under which this machine is guaranteed are clear-
ly defined under the warranty which accompanies every
Harnishfeger product. This warranty, while generous, will
be voided if the machine is operated with loads in excess of
the rating plate maximums, under unsafe operating condi-
tions, or with accessories or attachments not designed and
furnished, or approved by the Harnischfeger Corporation.
Modifications made upon the machine which will affect the
operation or capacity will void the warranty.

11



INTRODUCTION

DESCRIPTION

This truck crane is a fully hydraulic machine. All work
functions are performed by fluid power. Hydraulic cylin-
ders are used to raise or lower and extend or retract the
boom; hydraulic winches raise or lower the load on the
main hoist and jib lines; a hydraulic motor swings (rotates)
the upper of the machine on the carrier.

SECTION |

The carrier engine serves as the power supply for both the
upper and lower. A pump drive, mounted at the front of
the engine drives the hydraulic pumps which provide the
hydraulic power for the upper. Hydraulic fluid under pres-
sure is delivered through a swivel to the control valves in
the upper. When the operator engages the controls in the
operator's cab, the control valves direct the fluid to the
boom cylinders, swing motor, and winch motors.

sEdd iyt
Tagh v iy

LI R- T
. x AJ 6ﬁilr Ak
+ Beodo

*BOOM SECTION # 3
FURNISHED ONLY
WITH 100 FOOT BOOMS

Figure 1-2. Crane Terminology A101

TABULATED DATA

DIMENSIONS AND TRANSPORTATION DATA

Overall length, with boom in travel position . ... ........

Overall length, without boom

Gross vehicle weight, with main and auxiliary winches, jib, bottom block,
4500 Ib. (2041 kg) counterweight, and 1/2 tank of fuel . .

Weight distribution

Front axle .. ... ... ... .. ... e

Rearaxle .........o.viiinenunn. e

1-2

Overall width . . . . ... ... .. . . .
Overall height . . . . ... ... .. . . ... .. . . .. . ...
Ground clearance . . . . ........ ...

......................... 38-1-3/8” (11.62 m)
......................... 33-1-1/2” (10.10 m)

.............................. 8'-0"(2.44mm)
.............................. 9'-10” (3.00 m)
.......................... 0’-10-1/2" (0.27 m)
80" Boom 100" Boom
(24.39 m) (30.46 m)
..................... 64,400 Ibs. 65.300 Ibs.
(29.211 kg) (29.620 kg)
...................... 26.600 |Ibs. 27,200 |Ibs.
(12,066 kg) (12,336 kg)
...................... 37,800 Ibs. 38,100 Ibs.
(17,146 kg) (17,282 kg)



SECTION | INTRODUCTION

MAIN WINCH DATA
MODEL: P&H #10-1 P&H PART NO. 923P5-FIG. 1.
Rope Size.: 9/16" Dia. (1.43 cm) Pressure 3000 P.S.I. (206 BARS)
Drum Dia.: 10-11/16" (27.15 cm) Flow 55 G.P.M. (206 1/min)
Drum Pitch Dia.: 11-1/4" (28.58cm) Drum Torque “Up” Low SPD. 65,000 in. Ibs. (749 m-kg)
Drum Width: 14" (35.56 cm) Drum Torque “Up” High SPD. 29,000 in. Ibs. (334 m-kg)
Flange O.D.: 19" (46.26 cm) Drum RPM “Up” Low SPD. 46
P.D. to rope dia. ratio: 20:1 Drum RPM “Up” High SPD. 109
LOW SPEED HIGH SPEED
. No - Full No Accum.
Rope | Line Ful Load one Load Load | 2™ | Drum
Layer Pitch Pull ; oad Line SPD " Pu"II Line SPD Line SPD Capacity Capaci
y Dia-In. | ‘Up’-Lb. | Line SPD. "~ Up"-Lb. | - | s oo | Fti/Layer paclty
(cm) (kg) “Up™-FPM Up/ i (kg) Up™FPM | "Up™-FPM (m/layer) R
(mimin) (mimin) (m/min) | (m/min) (m)
1 11-1/4 | 11,600 136 155 5,200 320 365 67 67
(28.56) | 15,262) (41.45) (47.24) (2.359) 197.54) (111.25) (20.42) (20.42)
2 12-3/8 | 10,500 150 170 4,700 350 400 76 143
(31.43) | (4,763) (46.72) (51.62) (2,132) | (106.68) (121.92) (23.16) (43.59)
3 13-1/2 9,600 163 195 4,300 360 435 83 226
(34.29) | (4,359 (49.68) (59.44) (1,950) | (116.82) (132.59) (25.30) (68.88)
4 14.5/8 | 8,900 175 200 4,000 415 475 90 316
(37.15) | (4.037) (53.34) (60.86) (1,814) | (126.49) (144.78) (27.43) (96.32)
5 15-3/4 | 8,300 190 220 3,700 450 515 97 413
(40.00) | (3,765) (57.91) (67.06) (1.678) | (137.18) (156.97) (29.57) (125.88)
6 16.7/8 7,700 200 230 3,400 480 550 104 517
(42.86) | (3.493) (60.96) (70.10) (1.542) (146.30) (167.64) (31.70) (157.58)
AUXILIARY WINCH DATA
MODEL: P&H #10-1 P&H PART NO. 923P5-FIG. 1.
Rope Size: 9/16” Dir. (1.43 cm) Pressure 3000 P.S.I. (206 BARS)
Drum Dia.: 10-11/6” (23.16 cm) Flow 55 G.P.M. (208 1/min)
Drum Pitch Dir.: 11-1/4" (28.56 cm) Drum Torque “Up” Low SPD. 58,000 in. Ibs. (668 m-kg)
Drum Width : 14" (35.66 cm) Drum Torque “Up” High SPD. 29,000 in. Ibs. (334 m-kg)
Flange O.D.: 19" (48.26 cm) Drum RPM “Up” Low SPD. 54.9
P.D. to rope dia. ratio: 2011 Drum RPM “Up” High SPD. 109
LOW SPEED HIGH SPEED
. Full No . Full No Accum.
Rope Line Load Load Line Load Load Drum Drum
Lever | Tleh Pul Line SPD. | Line SPD Pl Line SPD. | Line sPD. | Capacity :
Dia-in. | 'Up™Lb. | . fom | ine || cup-Lo. | M€ ST “U'”S oo | FiLayer Capacity
(cm) (kg) p T Up™-FPM ) Up*-FPM P (mflayer) FL.
(m/min) (m/min) (m/min) (m/min) (m)
T 1114 | 10.300 160 180 5,200 320 365 67 67
(28.56) | (4.6721 (46.77) (54.86) 2359) | (97.54) (111.25) (20.42) (20.42)
2 12-3/8 9,400 175 200 4,700 350 400 76 143
(31.43) | (4,264) (53.34) (60.960 (2,132) | (r06.68) | (121.92) (23.16) (43.59)
3 13-112 | 8.600 190 215 4,300 380 435 83 226
. (34.29) | (3.901) (67.91) | (6553 1950) | (115.82) | (13259 (25.30) (68.88)
14-5/8 | 7,900 205 23 4,000 416 475 90 316
(37.15) | (3,583) (62.48) (71.63) (1,814) | (126.49) (144.78) (27.43) (96.32)
5 15.3/4 7,300 220 250 3,700 450 515 97 413
(40.00) | (3,311) (67.06) (76.20) (1,679) | (137.16) (166.97) (29.57) (125.88)
6 1678 | 6,800 240 270 3,400 480 550 104 517
(42.86) | (3.084) (73.15) (82.30) (1,542) | (146.30)| (167.64) (31.70) | (157.58)
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INTRODUCTION

LIQUID CAPACITIES (U.S. UNITS)

Fuel Tank . . ...

Engine Cooling System:

SECTION |

70 gallons (265 1)

Detroit Diesel BV53N . . . . . i 40 quarts (37.81)
CUMMINS €100 + ¢ v o v v e e e et e e e e e e e 31-1/2quuts (29.8 1)
Detroit Diesel BV53N . . . . . .. 48 quarts (45.4 1)
CUMMINS NHE 240 . ¢ ot i e e e e e e e e e e e e e 46 quarts (43.5 1)
Engine Lube Oil, including filter(s):
Detroit DieSel BVSE3N - - - o o v e e e e e 18-1/2 quarts (17.5 1)
CUMMINS C1O0 - v v ottt e e e e 18-1/2- quarts (17.5 1)
Detroit DIESEl B-71 - - - -+« o o e e e e e 20 quarts (18.9 1)
CUMMINS NHFE 240 .« « ot it e e e e e e e e e e e e e e 22 quarts (20.8 1)

Main Transmission Oil:

SPICEr B35 . . . oot 17 pints (8.0 1)
Fuller SCWBST . . ot 24 pints (11.4 1)
FUller TOOSE - - o o o e e e e e e e e e 22 pints (10.4 1)
Auxiliary Transmission Oil:
SPICEr BOBLC . . . ot 13 pints (6.2 1)
SpIiCer R 8341 E . . .. 13 pints (6.2 1)
FUller BKBS . . o 12 pints (5.7 )
Rear Axles Rockwell SSHD:
FrONL « « v o e e e e e e e e e e e e e e e 32 pints (15.1 1)
REar . 28 pints (13.211)
Interaxle Differential - - - - - - o o o e 2 pints (0.9 1)
Rear Axles Rockwell SRHD:
FIONt - o o o e e e e e e e e e e 37 pints (17.5 1)
RO . o 36 pints (17.0 1)
Interaxle Differential - - - - - -« o r e 2 pints (9.9 1)
Power Take-Off:
DANA .t it 6 quarts (5.7 1)
[0 1 - 3-1/2 quarts (3.3 1)
Hydrlulic Oil RESEIVOIF - - -« v e e e e e 200 gallons (757 1)
Winch Planetary HOusINgS (BACh) - - -+« « o o oo e 2 quarts (1.9 1)
SWiNg RedUCEr HOUSING - - « « « c v v v v e e et e e e e e 7 quarts (6.6 1)
SEANNG GEAI -+« o o v v v e e e e e 2-1/2 quarts (2.4 1)
LIGHT BULBS
LOCATION *NUMBER LOCATION *NUMBER
Headlights Beam 5001 Engine Warning Indicator 1893
Low Beam 4000 High Beam Indicator 53
Stop/Tail Lights 1157 Ignition Indicator 53
Clearance Lights 67 Drum Turn Indicators 1893
Directional Signal-Front 1157
Rear 1157
Indicator 53
Hazzard Warning Indicator 53 FILTER ELEMENTS
Low Air Pressure Light 53
Upper Ignition Indicator Light 53 LOCATION VENDOR NUMBER
Instrument Lights 57 . )
Dome Light 1141 Engine Ol AC PF-132
License Plate Light 1157 Fuel S_trainer} 6V53N AC T-815
Identification Lights 67 F_uel Filter AC TP816
Outrigger Indicators-Masters Switch 53 Air Clear_1er - F.u rp-32
Safety Lock 53 Hydraulic Oil Filters Vickers 923070

*USASI Standard
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FEEY
& iNcHes METERS
A OVERALL WIDTH (FRONT) 80 2.44
8 OVERALL HEIGHT (CARRIER CAB) 78-1/4" 2.37
B, OVERALL HEIGHT {(OPERATORS CAP) o-10 3.00
C  TAIL SWING 1053/8° 3.18
D CENTERLINE OF ROTATION TO CENTER OF BOOM PIVOT 5-0" 1.52
€ CENTER OF BOOM PIVOT TO GROUND 5834 206
F  OVERALL HEIGHT (MAIN WINCH) o9 2.97
H OVERALL MEIGHT (BOOM HORIZONTAL) o4 284
J  TOP OF BUMPER TO GROUND ¥I101/2° 118
K CENTER OF FRONT BOGIE TO FRONT OF CARRIER 8-2-1/2° 2.50
L CENTER OF FRONT BOGIE TO CENTER OF REAR BOGIE 188" 5.69
M OVERALL LENGTH OF CARRIER 3311/ 10.10
N CENTER OF REAR BOGIE TO CENTER OF ROTATION 34 1.02
P  DISTANCE BETWEEN AXLES (FRONT BOGIE) N 1.24
Q DISTANCE BETWEEN AXLES (REAR BOGIE) 4.2 1.27
R GROUND CLEARANCE (REAR AXLE HSG.) 0-10-1/2" .27
S TRACK (FRONT) 6°-53/4" 1.97
T TRACK (REAR) 5-11-7/8" 182
U OVERALL WIDTH (REAR) (1 o 2.44
V  EFFECTIVE LENGTH OF OUTRIGGERS 16°0” 4.88
W  OVERALL LENGTH OF OUTRIGGERS 17-6-3/4" 533
X OVERALL LENGTH (BOOM RETRACTED) 38-1-3/8" 11.682
Y FRONT OF CARRIER TO END OF BOOM ARy 4 1.26
Z (4 VEHICLE TURNING CIRCLE (NOT SHOWN) 87'0” 26.52
Z o VEHICLE CLEARANCE CIRCLE (NOT SHOWN) 04' 8" 28.85
NOTE
c ALL INFORMATION ON THIS PAGE IS FOR REFERENCE ONLY,

AND SUBJECT TO CHANGE WITHOUT NOTICE.
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SECTION I

SECTION I
CONTROLS AND OPERATION

CARRIER CONTROL IDENTIFICATION

The instruments and controls in the cab or the carrier are
shown in The numbers on this figure correspond
to the numbers on the following list, which identifies the
controls and describes their function.

Before attempting to operate this machine, the operator
should study carefully all of the information in this section
and in Catalog 221. The operator should become thor-
oughly familiar with the location and purpose of each con-
trol on the machine.

1. IGNITION INDICATOR. This lamp is illuminated when-
ever the ignit on switch is in the ON position. If the lamp
remains lit after the carrier ignition switch is placed in the
OFF position, the upper ignition switch is in the ON posi-
tion, and must be plead in the OFF position to shut down
the ignition system.

2. HIGHBEAM INDICATOR. This lamp, when illuminated,
indicates that the high headlight berm are on.

3. VOLTMETER. The voltmeter measures the voltage pro-
duced by the alternator end indicates the condition of the
battery. Bed Figure 2-2 for an explanation of the voltmeter
readings.

Figure 2-1. Carrier Controls
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Engine not running or
running ot slow idle.

Dead or disconnected battery. Disconnected or badly
connected motor.

SECTION I

Engine running fast enecugh te
make generater® produce.

Disconnected motor. Engine could not run with dead
or disconnected battery unless circuit was completed
around battery.

Very low battery charge. Engine night not start.

Low battery charge. Constant reading in the area
would indicate and for check on generator and vol-
tage regulator.

When motor pointer stays below 13.3 with the engine
running fast enough to operate generator, it shows that
generator is not operating or voltage regular is out of
adjustment, or that currant being drawn from battery
by lights, heater fan, or other load, exceeds generator
output.

Well-charged battery. This indicates a good battery
and also that generator and voltage regulator ore
operating properly.

The pointer might remain in this position temporarily
when the engine has boon stopped after considerable
use, due to a “surface charge’ in the battery. To get
a correct reading, turn an headlights for a few minutes.

00

When engines is started, pointer may stay is this area
temporarily but should gradually rise above 13.3 as
generator reaches normal output.

under normal conditions, a 12V battery is fully char-
ged at 12.8V. A slightly higher reading may occur
under the conditions outlined in No. 5 but, generally
spoking, any reading above 12.8 when the engine
is stopped is not o true reading.

*NOTE: The word "generator" refers to both generator

and alternator since both requires the sane
instrumentation.

This is the area in which the pointer should be when
generator, voltage regulator and battery an all in
good condition and working properly.

When the pointer goes above 15.2, the voltage regul-
ator is set too high or is jammed and continued oper-
ation of the engine will burn out battery.

Figure 2-2. Voltmeter Operation
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4. TACHOMETER-HOURMETER. This gauge indicates the
engine speed in revolutions per minute (RPM) end the total
number of hours the engine has been run.

5. L.H. DIRECTIONAL SIGNAL INDICATOR

6. HEATER CONTROLS. This switch controls the heater
fan. Turn the switch clockwise to energize the heater fan;
control the speed of the fan by turning the switch clock-
wise or counterclockwise as desired.

illustrates the heater shutoff valve. Turn the
valve clockwise to stop the flow of water through the heat-
er, when heat is not required. Turn the valve counterclock-
wise when heat is desired.

7. ENGINE STOP BUTTON. Depress this button to stop
the engine. After the engine has stopped, place the ignition
key in the OFF position.

8. DEFOGGER FAN SWITCH. Turn the switch clockwise
to energize the defogger fan; control the speed of the fan
by turning the switch clockwise or counterclockwise es
desired.

9. DIRECTIONAL SIGNAL LEVER. This lever actuates
the directional signal lamps at the front end rear of the
carrier. Pull the lever toward the operator to actuate the
left directional signal; push the lever away from the opera-
tor to actuate the right directional signal.

10. HAZARD WARNING INDICATOR. This lamp, when
illuminated, indicates that all the directional lights are ener-
gized for use as hazard warning lights.

11. HORN BUTTON. Depress this button to sound the car-
rier horn.

12. STEERING WHEEL.
NOTE

If the machine is equipped with a Power Steering/
Outrigger Selector Valve (item 25). be sure it is
pushed in and latched when operating the carrier.

13. HAZARD WARNING LIGHT SWITCH. Push this
switch away from the operator to energize all directional
lights for use as hazard warning lights.

14. WINDSHIELD WIPER SWITCH. Turn this switch
clockwise to energize the windshield wiper; control the
speed of the wiper by turning the switch clockwise or
counterclockwise as desired.

CONTROLS AND OPERATION

Figure 2-3. Heater Shutoff Valve

15. DIFFERENTIAL LOCKOUT CONTROL. This lever
locks and unlocks the interaxle differential. Race the lever
in the LOCK position when approaching or anticipating icy
or poor tractive conditions. This will provide maximum
axle traction. The interaxle differential can be shifted to
the locked position at any vehicle speed, except if the
wheels have already lost traction and are spinning.

Do not wait until you have lost traction and your
wheels are spinning to lock the interaxle differential.
This could result in damage to the axles.

Place the lever in the UNLOCK position after passing ad-
verse conditions. This permits the interaxle differential to
compensate for differences in the tire size and give you
maximum speed and performance.

NOTE

Let up on the accelerator to provide an interruption
in torque to the drive train when locking or unlocking
the interaxle differential.

16. EMERGENCY RELEASE VALVE. The emergency re-
lease valve provides a means of transferring the isolated
emergency air tank to the Maxibrake control valve (item
17) when pressure in the service tanks is lost.

2-3
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Push this knob in and pull out the Maxibrake control knob
(item 17) if it becomes necessary to use the air in the
emergency air tank to release the Maxibrake.

The carrier will have no brakae, except the Maxi-
brakes, which are controlled by the Maxibrake con-
trol valve. Never move the carrier farther than is ab-
solutely necessary under these conditions, and avoid
steep grades. Make certain that this knob is pulled out
at all time during normal operation.

17. MAXIBRAKE CONTROL VALVE. Pull this knob out
to release the Maxibrakes. Push this knob in to vent air
from the Maxibrake chambers and apply the Maxibrakes.
This control will return to the applied position automati-
cally if pressure in the air system drops below 28 psi (1.93
BARS).

18. AIR PRESSURE GAUGE. This gauge shows the pres-
sure of the air in the air system of the machine. In normal
operation, the pressure reading on this gauge should range
between 105 and 120 psi (7.2 - 8.2 BARS).

19. LOW AIR PRESSURE LIGHT. When illuminated, this
lamp indicates that the pressure in the air system is below
the normal safe operating level. Do not operate the ma-
chine when this light is lit.

20. EMERGENCY ENGINE SHUTOFF CONTROL. Pull
this handle out if the engine continues to run after the
Engine Stop button (item 7) is depressad or if an abnormal
condition should arise.

NOTE

If the engine is shut down using the Emergency
Engine Shutoff Control, the butterfly valve in the
intake manifold must be manually reset (see Eigure]
2-4),

21. CIRCUIT BREAKERS. The function of the circuit
breakers is to protect the various electrical circuits of the
machine. The circuit which is protected by each circuit
breaker is marked on the decal above the circuit brakers.

An electrical overload will cause the circuit breaker button
to move outward, indicating that the circuit breaker has
tripped. Reset the circuit breaker by depressing the button.
If the same circuit breaker should trip shortly after it is
reset, check the circuit protected by the circuit breaker for
the cause of the overload.

2-4
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Figure 2-4. Emergency Engine Shutoff

==

Under no circumstances should the circuit breakers
be prevented from tripping by any means. Overloaded
electrical circuits can cause extensive damage to the
machine and/or could cause injury to personnel.

22. THROTTLE SELECTOR VALVE. This valve transfers
control of the throttle from the lower to the upper. Place
the lever in the LOWER position when driving the carrier.
Place the lever in the UPPER position when operating the

upper.

23. MAIN TRANSMISSION SHIFT LEVER. This lever is
used to select the gears in the main transmission.

24. AUXILIARY TRANSMISSION SHIFT LEVER. This
lever is used to select the gears in the auxiliary transmission.
The auxiliary transmission should be kept in the lowest gear
range that will allow the machine to reach the desired maxi-
mum speed. Maintaining the auxiliary transmission in a
higher than required range could cause gear tooth failure,
due to excessive torque from the main transmission.

26. OUTRIGGER/STEERING SELECTOR VALVE. This
valve transfers hydraulic fluid from the power steering pump
to either the power steering system, or the outrigger sys-
tem. Push the knob in and engage the latch to direct fluid
to the power steering system. Pull the knob out to direct
fluid to the outrigger system.

NOTE

The outrigger/steering selector valve is not furnished
when the machine is equipped with the optional car-
rier remote control system. The transfer from out-
rigger to steering is done automatically when the
outrigger master switch is in the OFF position.



SECTION I

26. PUMP DISCONNECT LEVER. Push this lever forward,
toward the dash panel, to engage the pump drive. Pull this
lever back, toward the rear of the cab, to disengage the
pump drive. The engine must be stopped before engaging or

disengaging the pumps.

27. SHIFT CHART. This chart shows the shifting pattern
of the main and auxiliary transmissions.

28. IGNITION SWITCH. Turn this key switch clockwise to
the START position to start the engine. Allow the key to
return to the ON position as soon as the engine has started.

If the engine does not start within 30 seconds, release
the key and allow the starter motor to corm to a stop
and rest for two minutes before attempting to start
the engine again.

29. ENGINE WATER TEMPERATURE GAUGE. This
gauge shows the temperature of the engine coolant. The
gauge should read between 160 and 185° F. (71-85° C)
during normal operation.

30. SPEEDOMETER-ODOMETER. The speedometer
shows carrier speed in miles per hour, while the odometer
indicates the total numbers of miles the carrier ha traveled.

31. ENGINE OIL PRESSURE GAUGE. This gauge should
read between 40 end 60 psi (2.75 - 4.14 BARS) during
normal operation.

32. R.H. DIRECTIONAL SIGNAL INDICATOR

33. ENGINE WARNING LIGHT. This light is furnished
when the machine is equipped with the optional engine
warning system. This light, when illuminated, indicates that
the engine is overhearted or the engine oil pressure is below
normal.

34. FUEL GAUGE. This gauge shows the amount of fuel
remaining in the fuel tank.

36. LIGHT SWITCH. Pull this switch out halfway, to the
detent, to use the tail lights, clearance lights, and dash panel
lights. Pull this switch out fully to use the headlights in
addition to the other lights. Push this switch in completely
to turn off all the lights.

36. CLUTCH PEDAL. Depress this pedal to disengage the
engine from the transmission when shifting gears. Do not
use this pedal for a foot rest as this will lead to rapid
clutch wear.

CONTROLS AND OPERATION

37. HEADLIGHT DIMMER SWITCH The headlight dim-
mer switch allows the driver to raise or lower the headlight
beams. The highbeam indicator (item 2) will be lit when the
high kerns are on.

38. BRAKE PEDAL. Depress this pedal to apply the carrier
service brakes.

39. ACCELERATOR PEDAL. Depress this pedal to feed
more fuel to the engine, thereby increasing carrier speed.

40. SEAT CONTROL (NOT SHOWN). A lever on the left
side of the seat locks the seat in position. To adjust the
seat, push the lever back toward the rear of the cab and
then slide the seat forward or bock as desired. Be sure the
seat is locked in position before driving the carrier.

41. REMOTE CONTROL AIR VALVE. This valve is only
furnished when the machine is equipped with the optional
carrier remote controls. Place this lever in the ON position
to apply air to the carrier remote control. Place the lever
in the OFF position when the carrier remote controls are
not king used.

CARRIER OPERATION

GENERAL. The following paragraphs are not intended to
describe the method of operating the carrier, but to de-
scribe the sequence for starting the engine, releasing the
parking brakes, running the carrier, and shutting down the

engine.

STARTING THE ENGINE. To start the engine, proceed as
follows:

1. Place the main transmission shift lever in the neutral
position.

2. Depress the accelerator pedal slightly end turn the igni-
tion key to the START position. As soon as the engine
starts, release the key. Do not hold the starting motor on
for more than 30 seconds at one time. If the engine does
not start in this period of time, release the ignition key and
wait for two minutes before trying to start the engine again.

NOTE

The use of a cold weather starting rid, furnished as an
option, may be required in extremely cold weather.

3. Check all gauges, immediately after the engine starts, to
be sure the are reading properly. If the readings are im-
proper, stop the engine immediately end determine the
cause of the improper gauge reading before continuing
operation.
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4. Allow the engine to run 800 to 1000 RPM for 4 to 5
minutes or preferably until the water temperature reaches
normal operating temperature before operation the me-
chine.

RUNNING THE CARRIER. To run the carrier. proceed as
follows:

1. Engauge the auxiliary transmission in a range suitable for
the road conditions. The par range selected should be the
lowest range that will allow the machine to travel at the
desired speed.

2. Depress and hold the clutch pedal. Shift the main trans-
mission into a range suitable for the road conditions.

3. Depress the brake pedal. Then pull the Maxibrake con-
trol knob out from the dash panel The curler in now ready
to be moved.

STOPPING THE ENGINE. To stop the engine, proceed as
follows:

1. Place the main transmission lever in the neutral position.

2. Rush the Maxibrake control knob in to apply the puking
brakes.

3. If possible, allow the engine to idle for 3 to 5 minutes
before shutting down the engine. This will allow the engine
to cool down and will prevent overheating due to localized
residual heat.

4. Depress the Engine Stop button on the dash panel to
stop the engine.

5. After the engine has stopped, turn the ignition key to
the OFF position.

OUTRIGGER OPERATION

GENERAL. The outriggers on this machine are controlled
electrically from each side of the carrier and the upper cab.
The control panels on each ride of the ceder control only
the outriggers on that side of the carrier, while the control
panel in the upper cab controls all four outriggers.

NOTE
Older machines have control panel on each side of
the carrier that allow all four outrigger to be oper-

ated from one control panel. Even though all four out-
riggers can be operated from one side of the carrier,
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as a safety precaution, it is suggested that only the
outriggers in view, while standing by the control
panel, be operated.

EXTENDING THE OUTRIGGERS. To extend the out-
riggers from the carrier control panel, proceed as follows:

1. Pull the Outrigger/Steering Selector Valve knob out to
the OUTRIGGER position. This step is not required when
the machine is equipped with the oqgtional carrier remote
control system. The transfer from stowing to outriggers is
accomplished automatically when the MASTER switch on
the outrigger control panel is placed in the ON position.

NOTE

The power steering system is inoperative when the
selector valve is in the OUTRIGGER position.

2. Remove the retainer pin, and move the lock pin to the
unlocked position on each outrigger. Install the retainer pin
to keep the lock pin in the unlocked position (see Figure

2-6).

Make certain that the swing brake is locked in the
applied position with the Swing Brake Lock before
extending the outriggers.

3. Place the MASTER switch in the ON position (sac Fig-
ure 2-6).

4. Extend the outrigger by placing the desired HORI-
ZONTAL switch in the OUT position. Repeat the proce-
dure for the other outigger

l WARNING l

Do not set the outriggers near holes, or on rocky, or
extremely soft ground. This may cause the machine
to tip, resulting in injury to personnel.

5. Lower the outrigger, to raise the machine off the
ground, by place the desired VERTICAL switch in the
DOWN position. Repeat the procedure for the other out-

rigger.
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RETAINER
PN

Figure 2-5. Outrigger Locks

6. Repeat Steps 4 and 6 for the outriggers on the opposite
side of the carrier. After all four outriggers have been ex-
tended and lowered, make the necessary leveling adjust-
ments by raising or lowering each outrigger as required until
the machine is level. Checks the level of the machine using
the levels on each side of the carrier or in the upper cab.

7. If the machine is equipped with safety locks, engage the
safety locks by placing the SAFETY LOCKS switch in the
ON position. This step is not required if the machine is not
equipped with safety locks.

8. Return the MASTER switch to the OFF position.
NOTE

The operation of the outriggers from the upper cab is
identical to the procedure described above, except
that all four outriggers controlled from one posi-
tion in the upper cab.

RETRACTING THE OUTRIGGERS. To retract the out-
riggers, proceed as follows:

1. Place the MASTER switch in the ON position.

2. Disengage the safety locks, if the machine is so e-

quipped, by placing the SAFETY LOCKS switch in the
OFF position.

NOTE

If the weight of the machine is resting on the safety
locks it will be necessary to raise the machine slightly,
by placing the required VERTICAL switch in the
DOWN position, to disengage the safaty locks.

CONTROLS AND OPERATION
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Figure 2-6. Outrigger Control Panels

3. Raise the outrigger by placing the desired VERTICAL
switch in the UP position. Repeat the procedure for the
other three outrigger before they are retracted.

4. Retract each outriggar by placing the appropriate HORI-
ZONTAL switch in the IN position. Be sure the lug on each
outrigger float engages the outrigger bum (sed_Eigure 2-5).
5. Remove the retainer pin, and move the lock pin to the
locked position. Install the retainer pin to maintain the lock

pin in the locked position.

6. Place the MASTER switch in the OFF position.
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7. Push the Outrigger/Steering Selector Valve in end engege
the latch to divert hydraulic fluid to the steering system.
This step is not required on machines equipped with the
optional carrier remote control system. The transfer from
outrigger to steering is accomplished automatically when
the MASTER switch is placed in the OFF position.

UPPER CONTROL IDENTIFICATION

The instruments and controls in the upper cab are shown in
Figure 2-7. The numbers on this illustration correspond to
the numbers in the following list, which identifies the con-
trols and describes their function.

Holding a control lever in either engaged position
after a cylinder has reached its maximum stroke in
the corresponding direction will force hydraulic fluid
through the relief valve at maximum speed and pres-
sure, and will cause overheating of the hydraulic
fluid.

1. SIGNAL HORN BUTTON. Depress the button on the
top of the swing lever to sound the upper signal horn.

v U~

Figure 2-7. Upper Controls
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2. SWING LEVER. Push this lever forward to swing the
upper to the left (toward the boom). Pull this lever beck to
swing the upper to the right.

3. BOOM TELESCOPE LEVERS. Two levers are used to
extend and retract the boom sections. Each lever controls
one telescoping section of the boom, end each is identified

below:

Lever A controls boom section No. 2.

Lever B controls boom section No. 1.

Push both levers forward to extend all the telescoping set-
tions of the boom. Pull both levers back to retract all the
telescoping sections of the boom.

Extend all boom sections equally. If all the sections
are not extended equally, operate the control levers
individually as required to equalize the boom sec-
tions.
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4. AUXILIARY WINCH LEVER. This lever controls the
operation of the optional auxiliary winch. When the ma-
chine is equipped with a P&H winch, this lever is also used
to operate the free-fall feature of the winch. A/ P&H
winches have free-fall capability.

Not all Gearmatic which have free-fall capability. Gear
matic winches which have the free-fell feature will always
be quipped with a separate free-all lever attached to the

winch lever.
| WARNING l

Be sure you know whether or not you have a free-fall
winch, the make of winch (P&H or Gearmatic), and
that you fully understand the operation of the free-
fall feature, which is described below, before lifting
or lowering a load.

The auxiliary winch lever will function as follows when the
machine is equipped with a P&H winch.

Maintain ample tension on the winch line when
lowering light loads to prevent the cable on the winch
drum from loosening. If the layers of cable are loose,
damage to the cable can occur, resulting in possible
damage to the machine or injury to personnel.

Pull beck on the winch lever to lift a load with the auxiliary
winch. Push the lever forward, part way, to power down

..tu\“:' j/ /
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the load (sed_Eigure 2-8). Push the lever forward, to the
extreme foward position, to free-fall the load.

I WARNING |

Maximum recommended load to be lowered using
free-fall must not exceed 50% of the rating plate or
hoist reerving chart. Caution must be exercised when
using free-fill. Always allows the winch lever to return
to the power down position slowly to avoid shock
loading of the winch and winch line.

The auxiliary winch lever will function as follows when the
machine is equipped with a Gearmatic winch (see Figure
28).

Pull the fever back to lift a bad with the auxiliary winch.
Push the lever forward to power down J load on the auxil-

iary winch (sed Eigure 2-8).

==

The Gearmatic winch free-fell feature allows a load to
be free-fall lowered whenever the free-fall lever is
speeded, regardless of winch lever position. In other
words, it is possible to free-fall 3 load when the winch
lever is in the raise, neutral, or lower positions, just
by squeezing the free-fell lever.

Squeeze the free-fall lever toward the winch lever to free-
fall lower a load. Release the squeeze lever slow/y to return
the winch to normal operation. This squeeze lever is only
furnished when the Gearmatic winch has a free-fall feature.

\
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Figure 2-8. Winch Lever Positions
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5. MAIN WINCH LEVER. This lever controls the operation
of the main winch. The operation of the main winch is
identical to that Of the auxiliary winch.

6. BOOM HOIST LEVER AND PEDAL. Push this lover (or
padal) forward to lower the boom. Pull this lever (or pedal)
to raise the boom.

7. SWING BRAKE PEDAL. Depress this pedal to apply the
swing brake. Allow the pedal to return to the free position
to release the swing brake.

NOTE

This brake is to be used primarily as a holding brake.
Movement of the upper should be slowed by plugging
the swing lever before the swing brake pedal is de-
pressed:

8. ACCELERATOR. Depress this pedal to increase engine
speed. Let up on the padal to decrease engine speed. Engine
speed will return to low idle speed when no pressure is
applied to this pedal, unless the engine idle speed has been
preset to a higher speed by means of the Hand Throttle.

NOTE

The Throttle Selector Valve in the carrier cab must be
in the UPPER position to allow the accelerator to
control the engine.

9. GAUGE GROUP. The gauge group contains the fol-
lowing:

A. Engine Oil Pressure Gauge. This gauge should read
between 40 and 60 psi (2.75 - 4.14 BARS) during
normal operation.

Be sure that engine oil pressure reaches the normal
operating range within 15 seconds after starting the
engine. If it does not, stop the engine and correct the
cause of the pressure failure before restarting the
engine.

B. Fuel Gauge. This gauge shows the amount of fuel
remaining in the fuel tank.

C. Engine Water Temperature Gauge. This gauge shows
the temperature of the engine coolant. The gauge
should read between 160 and 185° F. (71 - 85° C)
during normal operation.

2-10
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D. Voltmeter. The voltmeter measures the voltage pro-
duced by the alternator and indicates the condition
of the battery. Sed_Figure 2-7 for an explanation of
the voltmeter readings.

10. IGNITION INDICATOR. This lamp is illuminated
whenever the ignition switch is In the ON position. If the
lamp remains lit after the upper ignition switch is placed in
the OFF position, the carrier ignition switch is still in the
ON position, and must be placed in the OFF position to
shut down the ignition system.

11. ENGINE STOP BUTTON. Depress this button to shut
down the engine. After the engine has stopped, place the
ignition switch in the OFF position.

12. IGNITION KEY. The ignition key has three positions.
Starting from the vertical position they are, OFF, ON, and
START.

13. TEMPERATURE GAUGE. This gauge measures hy-
draulic oil temperature. The oil should be warmed to 70°
F. (21° C) before operating the machine, and should not be
allowed to exceed 200° F. (93°C) during operation.

14. WINDSHIELD WIPER SWITCH. Turn this switch
clockwise, to the detent, to operate the upper windshield
wiper at slow speed. Turn the switch past the detent to
operate the wiper at high speed.

15. MAIN WINCH SPEED SELECTOR SWITCH. Place this
switch in the HI position to operate the main winch at high
speed. Place the switch in the LO position to operate the

winch at low speed.

The winch is only capable of producing approxi-
mately 50% of the maximum line pull when the
Speed Selector Switch is in the HI position. Be sure
the switch is in the appropriate position for the load
being lifted.

16. AUXILIARY WINCH SPEED SELECTOR SWITCH.
This switch controls the speed of the auxiliary winch. Its
operation is identical to that of the main winch speed selec-
tor switch.

17. OUTRIGGER CONTROL SWITCHES. These switches
control the operation of the outrigger. The operation of
the outriggers, from the upper cab, is identical to the opera-
tion from the carrier, except that all outriggers can be con-
trolled from the upper cab. Refer to the topic Outriggers
Operation for instructions on extending or retracting the
outriggers.
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18. SWING BRAKE LOCK. Depress this button to lock the
swing swing in the applied position. Lift this button to
unlock the swing brake.

NOTE

This control operates independently of the swing
brake pedal, and will override the swing brake pedal.

19. HAND THROTTLE. Use this lever to set the engine
high idle speed, as required for the machine application.
For maximum efficiency and safety of operation, the high
idle speed must be set high enough, by means of this con-
trol, to handle the typical load. The Accelerator should be
used for momentary increases in engines speed.

20. HEATER CONTROL. This control regulates the heater
temperature and heater fan speed. Turn the knob clockwise
to start the heater fan. Fan speed is controlled by turning
the knob clockwise or counterclockwise until the desired
fan speed is obtained. Heater temperature is increased by
pulling the knob outward and is decrease by pushing the
knob inward.

21. DEFOGGER FAN. The defogger fan is controlled by
the switch on the fan housing. Place the switch in the can-
ter position to operate the fan at low speed. Place the
switch in the extreme right position to operation the fan at

high speed.

22. WINCH TURN INDICATORS. These lights indicates the
rate at which the winch drums are turning. The upper light
indicate, main winch rotation, while the lower light indi-
cates auxiliary winch rotation.

The lights will flicker whenever the winch drums are
turning. The light will flicker at different rater depending
upon how fast the winch drum is turning.

NOTE

The lights will have slight glow when the winches
are not turning, and will increase in intensity when
the winches are turning. This sight glow provides a
mans of checking the lamps in the turn indications.
The lamps should be replaced if it does not glow, as it
is burned out.

23. BOOM ANGLE INDICATOR. This gauge indicates
the number of degrees the boom is raised above the hori-
zontal.

CONTROLS AND OPERATION

24. FLOODLIGHT SWITCH. This switch, or switches, turn
the optional floodlights on and off.

26. ENGINE WARNING LIGHT. This lights, when illumi-
nated, indicates that the engine is overheated or the engine
oil pressure is below normal.

26. CARRIER REMOTE CONTROLS. Then switches are
used to operate the carrier from the upper cab. Refer to the
topic Remote Control Carrier Operation.

CRANE OPERATION

GENERAL. The following operating suggestions are offered
as a reminder rather than as an attempt to instruct, since
the Harnischfeger Corporation is well aware of the fact that
a machine of this size is not entrusted to anyone exact a
fully qualified operator.

1. Always consult the rating plate in the upper cab for the
maximum load which may be lifted with the various corn-
binations of boom lenght, boom and, and other variable
function which may be involved with lifting the load.

2. Always perform all operations with the engine
running at governed speed. Machine performance and safety
of machine operation require that the engine be run at
governed speed.

3. When the load is being swung, it should be kept as near
the machine and as close to the ground as possible.

4. Always pay out cable from the main and/or auxiliary
winch when is being extended or when the boom
is being lowered to prevent to "two blocking the hook block.

5. Always set the outriggers before operating the machine.

STARTING THE ENGINE. To start the engine from the
upper cab, proceed as follows:

1. Perform the following functions before leaving the car-
rier cab:

A. shift the main transmission to natural.

B. Place the Throttle Selector Valve in the UPPER
position.

C. Engage pump drive.
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D. Apply the Maxibrakes by pushing the Maxibrake
button in.

2. Turn the upper ignition Key clockwise, past the detent,
to to start the engine. Do not hold the starter on for more
than 30 seconds at one time. If the engine does not start in

this period of time, release the ignition key, and wait two

minutes before attempting to start the engine again.

3. Chuck all gauges, immediately after the engines starts, to
be sure they are reading properly. If the readings are im-
proper, stop the engine immediately and determine the
cause of the improper gauge reading before continuing
operation.

4. Allow the engine to run at 800 to 1000 rpm for 4 to 6
minutes or preferably until the water temperature reaches
normal operating temperature before working the machine.

CRANE OPERATING CYCLE. The crane operating cycle
consists of six steps: setting the boom angle (boom hoist
operation), setting the boom length (boom telescope opera-
tion), lifting the load (hoisting operation), swinging the
load, spotting the load, and lowering the load (See Figures
2-9 and 2-10).
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[Figure 2-9] illustrates the operation of the machine
when it is equipped with P&H winches, while Figure
2-10 illustrates the operation of machines equipped
with Gearmatic winches. The operation these
machines is different. Therefore, be sure you under-
stand the operation of your machine before you
begin to operate it. The operation of both types of
winches is described in the topic Upper Control
Identification.

STOPPING THE ENGINE. To stop the engine, proceed as
follows:

1. Make certain that all controls are in the neutral position,
and the swing brake is locked in the applied position.
Lower the boom onto the boom rest or to a horizontal
position.

2. If possible, allow the engine to run at half speed or less
for several minutes before stopping the engine. This will
allow the engine to cool down.

3. Depress the Engine Stop Button to stop the engine.
After the engine has stopped, place the ignition key in the
OFF position.
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Figure 29 Crane Operating Cycle - P&H Winch



SETTING SOOM ANGLE. Position the hoom st the proper  forwerd to lower the boom. Be sure o pey aut line from the
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CARRIER REMOTE CONTROLS
GENERAL

The purpose of the carrier remote controls is to provide a
means of moving the carrier, without having to leave the
upper cab.

CONTROL IDENTIFICATION

The controls provided on the carrier remote control panel
are shown in Figure 2-11. The function of the controls are
as follows:

1. LOW AIR PRESSURE LIGHT. This lamp, when illumi-
nated, indicates that the air pressure is below the pressure
required to operate the carrier by remote control. Do not
operate the carrier by remote control when the this lamp is
illuminated.

2. L.H. STEER. Depress and hold this button to turn the
front wheels to the left. The number of degrees that the
wheels are turned with the length of time the button is
held depressed. Release the button to stop turning the
wheels.

3. R.H. STEER. This button operates in the same manner
as the L.H. Steer button, except the this button causes the

wheels to turn to the right.

4. CLUTCH. This button controls the operation of the
clutch. Depress and hold this button to disengage the
clutch. Release the button to engage the clutch.

5. BRAKE. This toggle switch controls the operation of the
carrier service brakes. Place the switch handle in the up
position to apply the brakes. Place the switch handle in the
down position to release the brakes.

6. FORWARD. This button, when used in con/unction
with the Clutch button, shifts the main transmission into
first gear.

7. NEUTRAL. This button, when used in conjunction with
the Clutch button, shifts the main transmission into neu-
tral.

8. REVERSE. This button, when used in conjunction with
the Clutch button, shifts thr main transmission into reverse.

CONTROLS AND OPERATION
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Figure 2-11. Carrier Remote Control Panel

OPERATION

To operate the carrier by remote control, proceed as

follows:

The following instructions describe the step neces-
sary to transfer control of the carrier from the carrier
cab to the upper cab. These instruction must
followed carefully to ensure safe, proper transfer of
carrier control.

1. Perform the following functions before leaving the carrier
cab:

A. Shift the main transmission to neutral.
B. Shift the auxiliary transmission to low gear.

C. Place the Remote Control Air Valve in the ON posi-
tion.

D. RH, the Throttle Selector Valve in the UPPER posi-
tion.

2-15



CONTROLS AND OPERATION

2. Go to the upper cab and place the ignition switch in the
ON position. Then place the Brake switch in the BRAKE

ON position.
I WARNING |

Be sure the Low Air Pressure Light, on the carrier
dash panel, is not lit before releasing the Maxibrakes.
If the light is lit. it is possibls that the carrier could
move because the air pressure is not sufficient to
apply the service brakes via the remote control sys-
tom.

3. Return to the carrier cab and release the Maxibrakes by
pulling out the Maxibrake button.

4. The carrier can now be operated from the upper by
remote control as follows:

A. Start the engine by turning the Ignition key to the
START position.

B. Raise the outriggers to the stored position, if they are
extended, as described in the topic Outrigger Opera-
tion. Be sure the MASTER switch on the outrigger
control panel is returned to the OFF position.

C. Depress the Clutch and either the Forward or Reverse
buttons on the carrier remote control panel to engage
either the first or reverse gear of the main trans-
mission.

D. Release the Forward or Reverse button, while main-
taining the Clutch button in the depressed position.

E. Place the Brake switch in the BRAKE OFF position.
F. Release the Clutch button to engage the clutch.

G. Control the speed of the carrier with the Accelerator,
and steer the machined in the desired direction by
depressing the Steer Left or Steer Right buttons as
required.

H. Stop the carrier by first depressing the Clutch button,
and then place the Brake switch in the BRAKE ON
position. Maintain the Clutch button in the depressed
position while the carrier is stopped, or shift the
transmission to neutral by depressing the Neutral
button. The Clutch button can be released when the
transmission Is in the neutral.
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5. To transfer control of the carrier back to the carrier cab,
perform the following steps:

A. Shift the main transmission to neutral by depressing
the Clutch and Nuetral buttons.

B. Place the Brake switch in the BRAKE ON position.

C. Go to the carrier cab and apply the Maxibrake by
pushing the Maxibrake button in.

D. Return to the upper cab and place the Brake switch
in the BRAKE OFF position. Place the Ignition key
in the OFF position if the machine is to be completete
ly shut down.

E. Place the Remote Control Air Valve in the carrier cab
in the OFF position. Place the Throttle Selector
Valve in the LOWER position. The operation of the
carrier is now controlled from the carrier cab.

HAND SIGNALS

It is frequently necessary during crane operation for the
operation to depend on a signalman for instruction. When
moving the machine into a position when there is very
limited clearance, or when handing loads that are out of
sight of the operator, the use of a signalman is essential.
The hand signal illustrated il[Eigure 2-12 (are those gener-
ally accepted throughout the industry. Both the operator
and the signalman should be thoroughly familiar with the
standard hand signals illustrated to ensure cooperation and
tramwork.

OPERATION UNDER UNUSUAL CONDITIONS

GENERAL. Unusual conditions refer to environment;
specifically, extreme cold, extreme heat, dusty or sandy
conditions, areas with high humidity or salt air, and high
altitudes. Separate paragraphs are devoted to each of these
conditions.

OPERATION IN EXTREME COLD. Operation in extreme
cold present special problems to the increased brittle.
ness of metallic and rubber parts, the danger of freezing and
the increased difficulty of keeping parts lubricated ade-

quately.
I WARNING '

Personnel should use care to keep from spilling fuel,
coolmnt, or other liquids upon themselves. Exposed
parts of the body should not come into contact with
metal during cold weather, as serious and painful
Injury may rerult.
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Figure 2-12. Hand Signal for Crane Operation
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1. Refer to Section Ill, Lubrication. for lubricant recom-
mendations for cold weather operation. Change the lubri-
cult if necessary.

2. Drain and flush the cooling system, to insure proper
circulation of coolant throughout the radiator core. Clean
the radiator cooling fins, particularly the air passages
through the core.

Check the condition of the radiator hoses, clamps, thermo-
stat and radiator core.

When assured that the cooling system is clean, and in good
condition. refill the system with an ethylen/glycol and
water solution of the proper strength for the anticipated
low temperatures.

NOTE

A high quality corrosion inhibitor can be added to
the cooling system, if desired. Do not, however, use a
Chromate base inhibitor with on an ehylene/glycol
anti-freeze. That combination can produce Chromium
Hydroxide, commonly known as “green slime.”

3. Keep the battery fully charged at all times. The elec-
trolyte in a discharged battery will freeze at a higher tem-
perature than that in a fully charged battery.

NOTE

If it is necessary to add water to the battery, do so
only immediately before or during operation, or with
an external charger connected to the battery.
Charging the battery, by any means, mixes the water
and electrolyte and thereby prevents the water from
freezing.

Keep the battery terminal connections clean and free from
snow or ice which could short circuit the terminals. Clean
the cable connectors and battery posts thoroughly, using a
soda and water solution to remove corrosion.

in extremely cold weather, it is advisable to remove the
battery and store it in a heated area if the machine is to be
idle overnight or for any extended period.

4. Keep the fuel tank as full es possible et all times to
minimize condensation. If water is detected in the fuel
supply, drain the tank and refill it with dean fuel.

5. Engage the pump drive and jog the starter for about one
minute to move hydraulic oil through the pumps, thereby
insuring proper lubrication of pump components. Then
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start the engine in accordance the engine manufac-
turen recommendations for cold weather staring and run
it at approximately 1200 RPM until the engine has warned

up.

NOTE

Cover part of the radiator, to aid warmup and to
maintain engine running temperature. During warmup
only, the entire radiator may be covered.

6. After the hydraulic oil has warmed to a minimum of 70°
F. (21°C). slowly and gradually actuate each cylinder a
number of times, in turn, without allowing the cylinders to
travel to the end of their stroke. Then slowly swing the
upper end operate the winches in both directions. The oil in
the lines end other components of these systems will the

be warmed.

Cold fluid makes relief valves sluggish in operation. It
can add 500 to 1000 psi (34.5 - 68.9 BARS) to the
maximum pressure setting of the relief valves. There-
fore, extreme care must be used when actuating a
cold system to prevent a hose or tube from rupturing,
or causing other damage.

7. Before shutting down the machine, raise the outriggers
to the stored position, and drive the machine onto wooden
planks or mats to prevent the machine from being frozen to
the ground.

OPERATION IN EXTREME HEAT. Operation in extreme
heat present special problems due to the difficulty in
keeping the engine and hydraulic oil from overheating.

1. Refer to Section I, Lubrication, for lubricant recom-
mendations for hot weather operation. Change the lubri-
ant if necessary.

2. Make certain that the engine crankcase oil is at the prop
er level. An inadequate supply of crankcase will prevent
proper dissipation of heat from the engine.

3. Drain and flush the cooling system, to insure proper
circulation of coolant throughout the radiator core. Clean
the radiator cooling fins, particularly the air passenger
through the core, of insects, leaves, dirt, and other foreign
material that will restrict air flow.

4. Inspect the cooling system for leeks. Replace worm or
damaged hoses. Tighten the hose clamps.
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5. Keep the water pump fen belt adjusted properly.

6. If the engines becomes overheated from lack of coolant,
let the engines run at a fast idle and add coolant slowly.

7. If the engine overheats after refilling the cooling system,
shut down the engine and allow it to cool. Drain the
cooling system by opening the drain cocks on the radiator
end the engine block, and flush out the system. Refill the
cooling system with clean water; do not use salt or mineral
water solutions in the cooling systems.

8. Keep as much air as possible circulating around the bat-
tery. Check the electrolyte level frequently; add distilled
water as necessary to keep the electrolyte level 3/8 inch
(9.2 mm) above the plates.

9. Keep the air intake and exhaust openings clear. Keep the
engine dean, and allow air to circulate freely around the
engine.

10. Avoid racing the engine; and avoid operation at full
throttle when part throttle will handle the load.

11. Avoid lugging the engine; keep the engine speed high
enough to maintain fan speed.

12. Avoid idling the engine unnecessarily; shut the engine
down during a lull in the operation.

OPERATION IN DUSTY AND SANDY AREAS. Operation
in dusty or sandy areas present special problems due to the
abrasive action of dust which shortens the life of parts
Make every effort to keep dust and sand out of the moving
parts of the crane machinery and engine.

1. All lubricants and lubricating equipment must be kept
clean. Service breathers and air clearner frequently to re-
move accumulated sand ad dust. Lubricate more fre-
quently to keep a supply of clean lubricant in the moving
parts. Clean all lubrication fittings thoroughly before et-
taching the grease gun.

2. Keep the fuel tank filler cap tight to prevent sand or
dust from entering the fuel tank. Service fuel filters fre-
quently to keep them free from sand and dust.

3. Keep the hydraulic oil reservoir filler up tight to pre-
vent sand and dust from entering the hydraulic system.
Service the hydraulic oil filter frequently to keep the sys-
tern free from sand and dust.

4. Use wood blocking or mats under the outrigger jack-
floats when operating in sand. See that the carrier does not
shift during operation.

CONTROLS AND OPERATION

OPERATION IN HUMIDITY OR SALT WATER AREAS.
Moisture and salt will cause deterioration of paint, cables,
wiring, end all exposed metallic parts. Keep parts dry and
well lubricated in high humidity or salt water conditions.

1. Completely remove rust end corrosion at the first ap-
pearance on my part of the truck crane. Wash off salt water
and dry all parts thoroughly; paint the exposed surfaces
immediately. Place a film of lubricant or grease on all pol-
ished or machined metal surfaces and other surfaces which
cannot be painted.

2. Keep parts lubricated thoroughly to repel water from
polished metal surfaces and to prevent the entry of water
into bearings. Keep lifting cables lubricated.

OPERATION AT HIGH ALTITUDES. Operation at high
altitudes present special problems due to lower atmospheric
pressure and wide temperature ranges. At altitudes above
5000 feet (1524 m) it may be necessary to change the
engine fuel injectors. Make certain that the air cleaner is
clean and free from obstructions. Check the engine fre-
quently for overheating.

INSTALLING ROPE ON DRUMS

The manner in which a new or replacement wire rope is
installed on the winch drum will, to a large measure, deter-
mine the service life of that rope. Improperly wound ropes
will cause undue crushing of the rope, doglegs, kinks, exces-
sive abrasion and cutting of the individual wires. Bad
spooling also causes uneven application of force and
motion. This results in fast fatiguing of the rope from the
hook block to the drum.

The following five precautionary steps should be taken,
particularly with a replacement wire rope, before starting
the actual installation of the rope.

1. A check should be made of the drum to determine the
condition, size and shape of the drum grooves.

2. Drum flanges should be checked to determine the ex-
tent, if any, of undercutting at the base of the flange.

3. Dirt, grit, or any other type of debris should be cleaned
off the drum.

4. Bearings should be checked.

5. Cracks or breaks in the drum should be reported.

Whenever any of these conditions are observed, the winch
should be removed from service and properly cleaned, re-
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paired or replaced. This recommendation is made not only
to improved or maintain good rope life, but to eliminate a
potential hazzard.

Figure 2-13. Securing Rope to Drum

After establishing the satisfactory condition of the win&
drum mount the reel of wire rope on suitable jacks at the
front of the boom. Pass the end of the rope over the idler
sheave at the boom point and attach the rope to the winch

drum as shown in[Figure 2-13

REEVING WITH 000
NO.PARTS OF LINE

[/ wore
MOOK | THE 80° (24.38 m) BOOM HAS &-MAIN BOOM noox
uoc% POINT SHEAVES, THE 100° (30.48 m) BOOM

REE L\
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NOTE

A tension should be induce into the rope by pro-
viding some means of braking the shipping reel while
installing the rope on the winch drum. A tight
winding is imperative.

Slowly wind the rope onto the winch drum by moving the
winch lever to the raise position. A lead or brass hammer
may be useful in tapping the rope over is it is being would
on the drum. Do not use a steel hammer or pinch bar. These
can readily cause damage to the rope.

REEVING

Rowing diagrams for the main hoist line are shown in
Figure 2-14. The number of parts of lint (from one to seven)
used in reeving the twin hoist line will depend on the load
to be lifted. Refer to the rating chart in the upper cab to
determine reeving requirements for various loads. Hoisting
and lowering speeds decreases as the number of parts of line

—

MAIN
SHEAVE

REEVING WITH EVEN
NO. PARTS OF LINE

STty

2PARY IPARY 4 PARY

S PART

S PART "-°°"

meave ' PART

Figure 2-14. Reeving Diagram (105N416)
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increases. When practical, use the minimum number of parts
required for the loads to be lifted.

NOTE

Jib reeving is limited to a single part of line. The main
or auxiliary winch line can be used to reeve the jib.
The auxiliary winch line cannot, however, be used for
reeving the main hoist line.

The dead end of rope is attached to the hook block (or
boom point) with a wedge type rope socket. The rope
socket should be installed on the rope as follows (see Figure
2-15):

1. Place the socket in an upright position as shown in View
A. and bring the rope around in a large, easy to handle

loop.

2. The dead end of the rope should extended from the socket
for a distance of at least one rope lay, permitting the strands
to adjust around the wedge and to keep the rope in balance.
Insert the wedge as shown in View B.

3. Secure the ears of the socket to a sturdy support and
carefully take a strain on the live side of, the rope. Pull the
wedge and rope loop into position tight enough to hold the
wedge in place during handling. Final wedge positioning
takes place under full operating loads.

VIEW A
WEDGE OEAD
END
=) >
VIEWS LINE END
‘J\
VIEWC

Figure 2.16. Installing a Rope Socket
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4. After the socket is pinned to the hook block (or boom
point), apply gradually increasing loads until the wedge is
seated. Avoid applying any sudden shock loads before the
wedge is in its final position. View C shows the general
operating appearance of the rope socket with the wedge
pulled into the socket and the end of the wedge showing.

JIB ATTACHMENT

The optional jib attachment is mounted on the boom point
when it is in the operating position, and is stored under the
boom when not used.

NOTE

Consult the rating plate in the operator's cab for
lifting capacities when operating with the jib attach-
ment.

To place the jib into the operating position from the stor-

age position, proceed as follows (see Eigure 2-16):

1. Rotate the upper so that the boom is over either side or
the rear of the carrier. Do not attempt to unfold the jib
with the boom over the front of the carrier.

2. Install T-pins (1), spacers (2), and cotter pins (3) to
attach the jib to the boom point. Install the T-pin upward
from the bottom to that the cotter pin will be on the
bottom side of the jib when it is erected.

3. Remove the hook block from the main or auxiliary
winch line, ad attach the line to becket (4) with a rope
socket. Take up the slack in the line with the winch so that
the jib point is supported by the line.

4. Removes capscrews (5), lockwashers (6), retainers (7) and
spacers (8). Remove cotter pin (9) and pin (10).

5. Elevate the boom to an angle of approximately 45 de-
grees, and extend the boom while paying out on the winch
line until the jib is suspended vertically, from the boom
point.

6. Disconnect the winch line from becket (4) and attach it
to backet (11). Take up slack in the winch line to raise the
jib to the operating position.

7. Attach the jib suspension cable as shown in[Eigure 2-17]
to fix the jib at the required operating angle. The angle at
which the jib operates can be varied by increasing or de-
creaing the length of the suspension cable by means of
cable links. The cable links are installed between the main
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SECTION I

CONTROLS AND OPERATION

=%

1. INSTALL ONE CABLE LINK TO OBTAIN A
48 OPERATING ANGLE OF 18°.

2. INSTALL TWO CABLE LINKS TO OBTAIN
A A8 OPERATING ANGLE OF 30°.

Figure 2-17. Jib Suspension (911591)

suspension cable and the boom phini_Figurel2-17 illus-
trates the positions at which the jib can operate, and the
number of cable links required to obtain the operating
angles shown.

8. Remove the winch line from becket (11) and attach the
hook block to the line.

To place the jib into the storage position from the oper-
ating position, proceed as follows (sed_Eigure 2-16):

1. Rotate the upper so that the boom is over either side or
the rear of the carrier, Do not attempt to fold the jib with
the boom over the front of the carrier.

2. Remove the hook block from the main or auxiliary
winch line, and attach the line to backet (11). Take up on
the winch line to relieve the tension on the jib suspension
cable.

3. Remove the suspension cable from the boom point and
attach it to the bracket at the base of the jib n shown in

Figure 2-16. Elevate the boom to an angle of approximately
45 degrees, and pay out line from the winch slowly, until
the jib is suspended vertically from the boom point.

4. Telescope the boom back, leaving, approximately one
foot of boom extended.

5. Remove the winch line from backet (11) and attach it to
backet (4). Slowly lower the boom and take up slack in the
line with the winch to fold the jib under the boom.

6. Telescope the boom back fully, and take up slack with
the winch until the jib mount bracket is aligned with the jib
mounts. Install spacers (8), retainers (7), lockwashers (6),
and capcrews (6,.

7. Install pin (10) and lock it in place with cotter pin (9).

8. Unhook the winch line from becket (4) and attach the
line to the hook block.
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CONTROL AND OPERATION

MANUAL FLY SECTION

This machine can be equipped with an optional manually
opened fly section which will increase the maximum
boom length to 100 feet (30.48 m).

The manual fly section is stored within the telescoping
booms, and is extended by means of boom section 2 tele-
scoping cylinder, as described below. To extend the manual

fly section, proceed es follows (sed Figure 2-18):

The crane boom must be in a horizontal position
while the manual fly section is being extended or
retracted. If this is not observad, it is possible that the
fly section could move when the cylinder pin is re-
moved, and cause damage to other puts of the boom.

1. Extend the boom sections until boom section 2 is out
approximately 48 inches (121.9 cm) and the cylinder pin is
visible, as shown in View A.

2. Install the boom stop as show in View B.

CYLINDER PIN CYLINDER CYLINDER CYLINDERPIN

; ROD EYE FinN : END CAP F—A_‘\n

153 J3 |

SECTION I

3. Remove cylinder pin end caps.

4. Center the cylinder pin in the manual fly section. Ex-
tend the boom until the second hole the manual fly
section is aligned with the hole in boom section 2.

5. Remove the cylinder pin. Retract the telescope cylinder
until the cylinder rod eye is aligned with the hole in boom
section 2.

6. Install the cylinder pin so that it press through boom
section 2, the second hole in the manual fly section, and
cylinder rod eye. Install the cylinder pin | no caps.

7. Remove the boom stop. The boom can now be operated
as it would normally he operated.

[ )

The machine must not he operated with the telescope
cylinder pinned only to the manual fly section. The
telescope cylinder must he retracted end pinned to
boom section 2 es shown in Section A-A.

CYLINDER PIN END CAP

SECTIONB .8 o l {121.9 C™) ' l
- . d VIEW A
_MANGAL . BOOM SECTIONZ >~ Soom SECTION 2 socas <edrian 1 SELTION.
FLY SECTION - CYLINDER PIiN PULIM ICLIIVUN £ PULM DITLITUN G 7 "
SECTION A-A END CAP A N i P l
o B 1
g roﬁ g '._. o L‘I LJ
n.n{. ) “V'; T o
Ry FLY SSE‘T‘ILON \ B ,_J
o VIEW B 800m sToP
. A\ 2 N
o Y 7/ {¥ ) D )
’ I ° ﬁfi ﬁ’_i a r@j A i

Figure 2-18. Manual Fly
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SECTION I

To retract the manual fly section back to the storage posi-
tion, proceed as follows:

1. Install the boom stop as shown in View B.

2. Remove the cylinder pin end caps and cylinder pin. Ex-
tend the telescope cylinder until the cylinder rod eye is
aligned with the hole nearest the tip of the manual fly
section.

3. Install the cylinder pin in the cylinder rod eye u shown
in Section B-B. Retract the telescope cylinder until the cyl-
inder pin is aligned with the hole in boom section 2.

4. Rush the cylinder pin toward the left side of the machine
so that it engages boom section 2. Then install the cylinder
pin end caps (see Section A-A).

5. Remove the boom stop.

COUNTERWEIGHT

The counterweight on this machine is attached to the rear
of the revolving frame, and can be removed, when neces-
sary, as described below:

1. Rotate the upper so that the boom is over either side of
the carrier.

2. Reeve the auxiliary winch line as shown in[Eigure 2-19]
and dead end the cable by means of the cable socket to the
bottom of the winch platform.

3. Loosen the counterweight hold down screws.

4. Take up on the auxiliary winch line slightly to relieve
the weight on the counterweight pins. Remove the cotter
pins in the counterweight pins, and remove the counter-
might pins.

5. Pay out the auxiliary winch line to lower the counter-
weight to the ground.

CONTROLS AND OPERATION

MAIN WINCH

AUX.IWINCH

COUNTERWEIGHT \_ }~

HOLD DOWN SCREWS . ;

\

COUNTERWEIGHT PINS/ [

—— COUNTERWEIGHT \
/

N~ —_ — )

I 3

Figure 2-19. Counterweight Removal (1002382)

6. The counterweight can now be lifted onto a truck using

the main winch line.

Be sure that the boom sections are retracted fully
before lifting the counterweight.

TOWING

Should it become necessary to tow this machine to a repair
facility, the propeller shaft between the auxiliary trans-
mission and the front rear axle must be disconnected. If the
propeller shaft is not removed, the transmission could be
damaged due to inadequate lubrication of the internal gear
train while the machine is being towed.

Towing cables or chains, of adequate length, should be at-

tached to the two towing eyes located behind the front
bumper.
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LUBRICATION

SECTION Il

SECTION Il
LUBRICATION

GENERAL

To insure proper operation of this machine, all points
requiring lubrication must serviced with the correct
lubricant, at the proper time interval. All normal wear
points which require lubrication are shown in the lubri-
cation charts at the rear of this section, with the possible
exception of that lubrication information concerning pur-
chased components. For information concerning the lubri-
cation of purchased major components not manufactured
by Harnischfeger Corporation, see the manufacturer's
manual. Note that the original manufacturer's recommen-
dations take precedence over lubrication recommendations
contained in this manual if any conflict exists.

Points not considered to be normal wear points (levers,
linkages, pins, and so forth) should be lubricated with an
oil can once a week. Use a few drops of engine oil on each
exposed pin or lever not equipped with grease fittings to
prevent rust and to provide the limited lubrication required.

NOTE

The lubrication recommended in this manual is based
on operation of the machine for a period not to ex-
ceed eight hours per day, five days per week. If a
machine is operated in excess of the above time per
day or week, lubrication schedules must be adjusted
accordingly.

All attachment fittings, whether illustrated on the lubri-
cation chart or not, must be lubricated with multipurpose

grease every 8 hours.

Initial factory fill of MPG is of the soap base 12-
Hydroxy Lithium Stearate type. Other soap base
greases are not always compatible with initial fill
lubricant, and Barium base grease is definitely not
compatible. Various other soap base greases may be
used if experience by the purchaser has shown these

greases to be acceptable for the application. The
grease systems must be thoroughly purged and the
affected parts removed and cleaned before switching
from a grease having one type of base to a grease
having a different soap base.

LUBRICANT SPECIFICATIONS

The following list will identify suitable lubricants for points
shown in the lubrication charts by three methods. They am:

1. BY P&H SPECIFICATION NUMBER. This lubricant
specification identifies the initial fill lubricant as classified
by internal Harnischfeger Corporation Standards.

2. BY MILITARY SPECIFICATION NUMBER. If the
lubricant classified by P&H Specification Number has a
known military specification equivalent number, this equiv-
alent number is also listed in the individual lubricant de-
scription.

NOTE

The absence of an entry in the Military Specification
Column in a lubricant description does not mean that
the lubricant recommended does not meet my equiv-
alent military specification. It may mean, for instance,
that the lubricant has not bean tested and qualified
by the military because it is relatively new. For that
reason, it is not certified es meeting the standards of
a particular military specification, even though it
may be perfectly capable of so doing.

3. BY EQUIVALENT LUBRICANT. Equivalent lubricants
Presently confirmed as meeting the requirements of the
P&H specification are listed by trade names. The absence of
a lubricant from this list does not mean that it is unsuitable.
It means only that, as of the date of this writing, the lubri-
cant has not been tested by P&H. The order in which the
lubricants appear on any list is of no significance. No
superiority of any brand listed should be read into the
order of appearance on a list. The listing is purely random
and all products on the list are equally acceptable.
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SECTION il

LUBRICATION
MULTIPURPOSE GREASE
P&H AMBIENT MILITARY EQUIVALENT
SYMBOL SPEC. NO. RANGE SPEC. NO. LUBRICANTS MANUFACTURERS
MPG 472A *Below -10° F. MIL-L-7646 Litholine Atlantic Richfield Oil Co.
(NLGI #0 EP) (-12°C) MIL-G-10924 Industrial 0
MIL-G-23827 EP “Sinclair”
MIL-G-2349 . . .
MIL-G-81827 Conolith EP #0 Continental Oil Company
Rolubricant 0 Humble Oil and Refining
Company
Mobilux EP #0 Mobil Oil Corporation
Alvania EPRO Shell Oil Company
Prestige EP #0 Sun Oil Co. - DX Division
Multifak EP #0 Texaco, Incorporated
MPG 4728 *.20 to +40° F . MIL-L-7645 Amolith No. 1 American Oil Company
(NLGI #1 EP)] (-29 to 4° C) MIL-G-10924 EP
m:tg;gfg Litholine Atlantic Richfield Company
MIL-G-81827 Industrial 1
7 EP “Sinclair’
Conolith EP #1 Continental Oil Company
Rolubricant 1 Humble Oil and Refining
Company
Mobilux EP #1 Mobil Oil Corporation
Alvania EP #1 Shell Oil Company
Prestige EP #1 Sun Oil Co. - DX Division
Multifak EP #1 Texaco, Incorporated
MPG 472C *+20 to 125°F. MIL-L-7645 Amolith No. 2 American Oil Company
(NLGI #2 EP) (-6 to 52° C) MIL-G-10924 EP
MIL-G-23827 N . L
MIL-G-2349 L;\t/lhocl)hne EP Atlantic Richfield Company
MIL-G-81827 | oY
Sinclair
Conolith EP #2 Continental Oil Company
Rolubricant 2 Humble Oil and Refining
Company
Mobilux EP #2 Mobil Oil Corporation
Alvania EP #2 Shell Oil Company
All Purpose Sun Oil Company
EP #2
Multifak EP #2 Texaco, Incorporated
'Pumpability tests also required when used in centralized lubrication systems. Consult manufacturer of system.
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LUBRICATION

SECTION il
PETROLEUM GEAR OIL
P&H MILITARY | EQUIVALENT | SAE
SYMBOL | SPEC. NO. | AMBIENT RANGE | SPEC. NO. | LUBRICANTS | GRADE MANUFACTURER
GO 497A Varies, depending | MIL-L- Multipurpose 80 American Oil Company
on use. See the 2105B Gear Lube
Lubrication MIL-L- Ultragear Ol 80 | Atlantic Ritchfield
Chart 2109 and
Extra Duty
MIL-L- Gear Lube
10295 “Sinclair”
MIL-L- Conoco Uni- 80 Continental Oil Company
45199 versal Gear
Lubricant
Enco Gear 80 Humble Oil & Refining
Oils GX
Mobilube HD 80 Mobil Oil Corporation
Spirax Heavy 80 Shell Oil Company
Duty
DX Geartran 80 Sun Oil Company-
HD
Multigear 80 Texaco, Incorporated
Lubricant
GO 497B Varies, depending | See above. NOTE: Equivalent lubricants and manufacturers
on use. See the are the same as for P&H Spec 497A
Lubrication Petroleum Gear Oil as described above.
Chart The only difference, insofar as this
description is concerned, is that P&H
Specification 497B is an SAE 90 grade
lubricant.
GO 497C Varies, depending See above. NOTE: Equivalent lubricants and manufacturers
on use. See the are the same as for P&H Spec 497A
Lubrication Petroleum Gear Oil as described above.
Chart The only difference, insofar as this
description is concerned is that P&H
Specification 497C is an SAE 140 grade
lubricant.
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LUBRICATION SECTION Il
HYDRAULIC BRAKE FLUID
P&H AMBIENT MILITARY
SYMBOL| SPEC. NO. RANGE SPEC. NO. | EQUIVALENT FLUIDS MANUFACTURER
HBF 492 Not applicable | VV-B-680 |21B Brake Fluid Wagner Electric Corporation
(latest Formula H-68
issue)
UCON Brake Fluid 4823 | Union Carbide Corporation
POWER TRANSMISSION FLUID AND GEAR OIL
P&H MILITARY EQUIVALENT
SYMBOL SPEC. NO. SPEC. NO. LUBRICANTS MANUFACTURER
ATF 494 None Dexron® Continental Oil Company
Assigned
Enco ATF Humble Oil and Refining
NOTE : This specification covers a Mobil ATF 220 Mobil Oil Corporation

petroleum power transmission
fluid and lubricating oil properly
described as Dexron® fluid.

Shell Donax T-6

DX ATF Dexron®

Texamatic
Fluid 6673

ATF-Dexron®

American
Dexron® ATF

Shell Oil Company

Sun Oil Company - DX Division

Texaco, Incorporated

Sinclair Refining Company

American Oil Company
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LUBRICATION

SECTION il
OPEN GEAR AND WIRE ROPE LUBRICANT
P&H AMBIENT RANGE | MILITARY | EQUIVALENT| SAE
SYMBOL |SPEC. NO. (or application) | SPEC. NO. | LUBRICANTS |GRADE| MANUFACTURER
GL 464 Open gears and VV-L-751C, | Amovis Lubri- * American Oil Company
racks under cant and Amoco
varying weather VV-L- Open Gear
conditions. 751C, Comp'd.
Peripheral speeds . o
not to exceed Richcote Lu- ¢ Atlantic Richfield
1200 feet Type 1, bricant, Jet Company
(3,837 m) per Regular Lubricants
minute. “Sinclair”,
Grade 1 and Atlantic
Light Lubricants 36
thru 40
Grade 2-
Medium
Coglube ¢ Continental Oil Company
Grade 3- Surett ¢ Humble Oil & Refining
Heavy Company
zlilglgug_lli Mobitac * | Mobil Oil Corporation
Cardium EP ® | Shell Oil Company
Grade 1 Com'ds &
Fluid,
DX Coating * | Sun Oil Co. DX Division
Compounds
Crater X * | Texaco, Inc.
Open Gear, * | Whitmore Mfg. co.
Dipper Stick,

and Cam Lube

*Consult lubricant manufacturer for proper viscosity grade, which will depend on application and climate.
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LUBRICATION SECTION 11l
HEAVY DUTY MOTOR OIL
P&H MILITARY | EQUIVALENT | SAE
SYMBOL]SPEC. NO.| AMBIENT RANGE | SPEC. NO. | LUBRICANTS | GRADE MANUFACTURER
MO 451A See Lubrication MIL-L- Conoco Tracon | SAE 10W | Continental Oil Company
Chart 2104B (or . . .
latest issue) | Enconolube Humble Oil & Refining Co.
in effect) | pevac 1200 " Mobil Oil Corporation
Series
Rotella T Oils " Shell Oil Company
TBD Mil B * Sun Oil Co. - DX Division
Motor Oil
Ursa Oils- " Texaco, Inc.
Extra Duty
Super Tenol " Sinclair Refining Company
Amoco 200 "’ Amman Oil Company
Motor Oils
MO 451B See Lubrication MIL-L- NOTE: Equivalent lubricants and manufacturers are the
Chart 2104B (or same as for P&H Spec. 451A Motor Qil as de-
latest issue scribed above. The only difference, insofar as
in effect) this description is concerned, is that P&H
Specification 451B is an SAE 20-20W grade oil.
MO 451C See Lubrication MIL-L- NOTE: Equivalent lubricants and manufacturers are the
Chart 2104B (or same as for P&H Spec. 451A Motor Oil as de-
latest issue acribed above. The only difference, insofar as
in effect) this description is concerned, is that P&H
Specification 451C is an SAE 30 grade oil.
MO 451D See Lubrication MIL-L- NOTE: Equivalent lubricants and manufacturers are the
Chart 2104B (or same as P&H Spec. 451A Motor Oil as de-
latest issue scribed above. The only difference, insofar as
in Hut) this description is concerned, is the that P&H
Specification 451D is an SAE 40 grade oil.
MO 451E See Lubrication MI L-L- NOTE: Equivalent lubricants and manufacturers are the
Chart 2104B (or same as for P&H Spec. 451A Motor Oil as de-
latest issue scribed above. The only difference, insofar as
in effect) this description is concerned, is that P&H
Specification 451E is an SAE 50 grade oil.

3-6



SECTION Il LUBRICATION
HYDRAULIC OIL
P&H AMBIENT MILITARY EQUIVALENT SAE
SYMBOL | SPEC. NO. RANGE SPEC. NO. LUBRICANTS GRADE MANUFACTURER
HO 484S | -10°to +65° F | Not Available |Alubco Hydraulic ~ |SAE 10| The American Lubricants
(-23 to 18°C) QOil - Medium Company
Amoco AW 15 " American Oil Company
B.P. Energo SHF 60 " B.P. North America Inc.
(International)
Citco Extra Duty " Cities Service Oil Company
Circulating Oil #42
Conoco Super * Continental Oil Company
Hydraulic Oil #15
Gulf Harmony 43 AW ~ Gulf Oil Company
Nuto H 44 "’ Humble Oil Company (Exxon)
and Imperial Esso of Canada

Molub-Alloy " Imperial Oil and Grease Company
Hydraulic Oil #771
DTE #24 Hydraulic " Mohil Oil Company
Qil
Lo Hydraul #27 " Shell Oil Company
Chevron EP " Standard Oil of California
Hydraulic Oil #9
Industron #44 "’ Standard Oil of Ohio (S. Ohio)
Rando Oil HD-A " Texaco
Union Unax AW " Union Oil Company of
# 150 California (Union 76)

HO 4847 | Above +65° F | Not Available | Alubco Moly SAE 20| The American Lubricants

(Above 18° C) Hydraulic Oil - Company

Medium
Amoco AW 21 " American Oil Company

Citco Extra-Duty
Circulating Oil #48

Super Hydraulic ##21
Harmony 48 AW
Nuto H 48

Molub-Allo
Hydraulic

DTE 25
Hydraulic #29

Chevron EP
Hydraulic Oil #11

Industron 48

il #772

Sunvis 821 WR
Rando Oil HD-B
Union Unax AW 215

"

”

2

Cities Service Oil Company

Continental Oil Company
Gulf Oil Company

Humble Oil Company (Exxon)
and Imperial Oil Company (Esso)

Imperial Oil and Grease Company

Mobil Oil Company
Shell Oil Company

Standard Oil Company of
California (Chevron)

Standard of Company of Ohio
(Sohio)

Sun Oil Company
Texaco

Union Oil Company of
California (Union 76)
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LUBRICATION SECTION 1l

HIGH TEMPERATURE GREASE

P&H AMBIENT MILITARY EQUIVALENT
SYMBOL SPEC. NO. RANGE SPEC. NO. LUBRICANTS MANUFACTURERS
HTG 476 (working tom- Not available Shell Darina Shell Qil Company
perature range) No. 2 E.P.
0° to 450°F
(21 to 232°C)

Note: The above lubricant is the only one currently approved as meeting P&H Specification No. 476.

It is Shell Oil Code Number 71522. This is a special grease which shows high thermal stability and
resistance to shock loading and adverse chemical environmental conditions. It is used as a replacement
for P&H 472 MPG when reversing service, long life, or high temperature operation demands this premium

lubricant.
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UPPER LUBRICATION CHART
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CARRIER LUBRICATION CHART
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HYDRAULIC SYSTEM AND COMPONENTS SECTION IV

SECTION IV
HYDRAULIC SYSTEM AND COMPONENTS
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HYDRAULIC SYSTEM

SUB-SECTION 4A
HYDRAULIC SYSTEM

SCOPE

The hydraulic system, as defined for this manual, includes
all the hydraulic components which are common to the
various sub-systems of the machine. The components in-
cluded in this system are the pumps, rotary joint assembly,
control valves, return line filters, and reservoir.

Hydraulic schematics of complete hydraulic systems, along
with a description of each system’'s operation, are at the rear
of this section.

Later in the manual, the components of each independent
hydraulic circuit within the complete system is discussed
separately. These systems include the outrigger, the boom
hoist and extension, the hoist, end the swing systems.

PRINCIPLES OF HYDRAULICS

There are two factors that govern the operation of any
hydraulic system; namely, volume end pressure.

VOLUME is the amount of oil that a pump will push
through the system in a given amount of time at a predeter-
mined pump speed. It is usually expressed in gallons per
minute (GPM). Volume determines the speed of operation.
The greater the volume, the faster a cylinder will fill with
hydraulic oil and the fester its rod will move.

PRESSURE is the amount of force or work capability
exerted by the hydraulic oil on all parts of the system
opening directly to the pump when the pump is delivering
oil. The amount of pressure that a pump produces has no
relationship to the speed et which an actuator operates.
Pressure is expressed in pounds per square inch (PSI).

When the pump is merely circulating oil through a system
which has no restrictions or is not under load, pressure is
negligible. But when a restriction or load is introduced,
pressure builds up almost immediately. The pressure will
continue to increase until the restriction or load is over-
come, the pump reaches the limit of its capacity, or some
portion of the system ruptures end relieves the pressure.

Relief valves are provided to limit the pressure in the sys-
tem to safe operating levels.

FLUSHING THE HYDRAULIC SYSTEM

If any evidence of hydraulic system contamination, such es
dirt, sludge, and/or metallic particles are discovered. flush
end clean the system as follows. If the cause of the con-
tamination is due to a faulty component, the component
must be repaired or replaced before the hydraulic system is
flushed.

NOTE

The hydraulic oil should be warmed to normal oper-
ating temperature before the reservoir is drained.

1. Remove the drain plug end drain the oil into a suitable
container. Allow sufficient time for all the oil to drain from
the walls of the reservoir.

2. Install the drain plug. Fill the reservoir with a 50-50
mixture of kerosene and clean hydraulic oil.

3. Cycle the machine through all crane functions, and
operate the carrier steering and outrigger systems several
times to circulate the flushing oil throughout the hydraulic
system. Then return the machine to the travel position.

4. Remove the drain plug and drain the flushing oil from
the reservoir. Remove the cover from the top of the reser-
voir, and clean the inside of the reservoir manually. Replace
the reservoir cover and refill the reservoir with clean hy-
draulic oil.

5. Disconnect the hoses attached to the retract side of the
boom hoist cylinders, and raise the boom to its maximum
elevation slowly: This will force the flushing oil from the

cylinders.
6. Reconnect the hoses to the boom hoist cylinders, and

lower the boom to the horizontal. Add clean oil to the
reservoir as required to maintain the proper oil level.
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7. Disconnect the hoses attached to the retract side of the
telescope cylinders at the hose reel or at the base of the
boom. Extend the boom to force the flushing oil from the
telescope cylinders.

8. Reconnect the telescope cylinder hoses and retract the
boom. Add clean oil to the reservoir as required to maintain
the proper oil level.

9. Disconnect the hoses attached to the retract side of the
outrigger extension cylinders, and then extend the out-
riggers fully. This will force the flushing oil from the cylin-
ders.

10. Reconnect the hoses to the outrigger extension cylin-
ders, and retract the outriggers. Add oil to the reservoir as
required to maintain the proper oil level.

11. Disconnect the hoses attached to the retract side of the
outrigger lift cylinders, and then lift the machine off the
ground. This will force the flushing oil out of the cylinders.

12. Reconnect the hoses and lower the machine to the
ground. Add oil to the reservoir as required to maintain the
proper oil level.

13. Operate the steering wheel left and right several times
to force the flushing oil in the steering system back to the
reservoir.

14. Swing the upper of the machine in both directions, and
operate the winches in both directions several times to
force the flushing oil in these motors back to the reservoir.

15. Replace the return line filters. Cycle the machine
through all crane functions and operate the steering and out-
rigger systems several times to filter out any remaining con-
tamination.

16. Another method of cleaning the hydraulic system is to
use a self-contained batch filter unit, such as the Schroeder
Brothers Filter Buggy, to filter the oil in the reservoir.

It is necessary with this method to cycle all the machine’s
functions periodically to circulate unfiltered oil from the
actuators back to the reservoir for filtering.

NOTE

It is recommended that the hydraulic oil be filtered
periodically using a self-contained batch filtering unit.
if it is available, to keep the contamination level to a
minimum.
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GENERAL MAINTENANCE

The following points should be kept in mind when working
on the hydraulic system or any hydraulic component:

1. Any structure has limits of strength and durability. To
prevent the failure of structural parts of hydraulic com-
ponents, relief valves which limit pressure to safe operating
values are included in the hydraulic circuits. The settings of
these relief valves must never be changed, except as de-
scribed under the topic Relief Valve Adjustment.

2. Tolerances of working parts in the hydraulic system are
very close. Even small amounts of dirt or foreign material in
the system can cause wear or damage to components, as
well as generally faulty operation of the system. Every pre-
caution must be taken to assure absolute cleanliness of the

hydraulic oil.

3. Samples of hydraulic oil should be drawn from the reser-
voir every six months. These samples should be about two
quarts, and should be taken while the oil is warmed through
normal operation. If possible, the sample should be ana-
lyzed by a qualified lubrication specialist to determine
whether it is suitable for further use. The interval between
oil changes, depend on operating conditions, and on the care
used in keeping the oil clean.

4. Whenever there is a hydraulic component failure which
gives reason to believe that than are metal particles or
other foreign materials in the system, drain and flush the
entire system, and replace the filter cartridges. A complete
change of hydraulic oil must be made under these circum-
stances.

5. Whenever the hydraulic system is drained, check the
magnetics at the bottom of the reservoir for metal particles.
If metal particles are present, flush the system and add a
new charge of oil. The presence of metal particles also may
indicate the possibility of imminent component failure.

6. Do not use synthetic or fire resistant oils in this ma-
chine. The packings in this system are designed for a good
grade mineral oil.

7. All containers and funnels used in handling hydraulic oil
must be absolutely clean. Use a funnel with a 200 mesh
screen for filing the hydraulic oil reservoir, and fill the
reservoir only through the filler opening. The use of cloth
to strain the oil should be avoided to prevent lint from
getting into the system.
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8. When removing any hydraulic component, be sure to cap
and tag all hydraulic lines involved. Also plug the ports of
the removed components.

9. All hydraulic components must be disassembled and
assembled in spotlessly clean surroundings. During dis-
assembly, pay particular attention to the identification of
parts to assure proper reassembly. Clean all metal parts in a
clean mineral oil solvent. Be sure to thoroughly clean all
internal passages. After the parts have been dried thor-
oughly, lay them on a clean, lint-free surface for inspection.

10. Replace all O-rings, back-up rings, and seals when over-
hauling any component. Lubricate all parts with clean
hydraulic oil before reassembly. Use small amounts of
petroleum jelly to hold O-rings in place during reassembly.

11. Be sure to replace any lost hydraulic oil when com-
pleting the installation of the repaired component, and
bleed any air from the system when required.

12. All hydraulic connections must be kept tight. A loose
connection in a pressure line will permit the oil to leek out
or air to be drawn into the system. Air in the system can
cause damage to the components and noisy or erratic sys-
tem operation.

TROUBLESHOOTING GUIDE

GENERAL. The troubleshooting charts and maintenance
hints that follow are of a general nature, but should provide
an intuitive feeling for a specific system.

KNOWING THE SYSTEM. Probably the greatest aid to
troubleshooting is knowing the system. Every component
has a purpose in the system. The construction and oper-
ating characteristics of each one should be understood.
Some additional practices which will increase your ability
to troubleshoot the system, and also the useful life of the
system are listed below:

1. Know the capabilities of the system. Each component in
the system has a maximum rated speed, torque, or pressure.
Loading the system beyond the specifications simply in-
creases the possibility of failure.

2. Know the correct operating pressures. Always set and
check pressures with a gauge that is known to be accurate.
How else can you know if the operating pressure is above
the maximum rating of the components? The question may

HYDRAULIC SYSTEM

arise as to what the correct operating pressure is. If it is not
specified, the following rule should be applied:

The correct operating pressure is the lowest pressure which
will allow adequate performance of the system function
and still remain below the maximum rating of the corn
ponents.

Once the correct pressures have been determined, note
them for future reference.

DEVELOPING SYSTEMATIC PROCEDURES. Analyze
the system and develop a logical sequence for setting relief
valves and mechanical stops. Develop a cause and effect
troubleshooting guide similar to the charts shown. The
initial time spent on such a project could save hours of
downtime.

RECOGNIZING TROUBLE INDICATIONS. The ability to
recognize trouble indications in a specific system is usually
acquired with experience. However, a few general trouble
indications can be discussed.

1. Excessive heat means trouble. A misaligned pump or
motor places an excessive load on bearings and cm be
readily identified by the heat generated. A warmer than
normal return line indicates that the system is operating at
relief valve setting. Hydraulic oils which have a low viscosity
will increase the internal leakage of components resulting in
a heat rise. Cavitation and slippage in a pump will also
generate heat.

2. Excessive noise means wear, misalignment, cavitation or
air in the oil. Contaminated oil can cause a relief valve to
stick and chatter. These noises may be the result of dirty
filters, or fluid, high fluid viscosity, excessive drive speed,
low reservoir level, or loose intake lines.

MAINTENANCE. Three simple maintenance procedures
have the greatest effect on hydraulic system performance,
efficiency, and life. Yet, the very simplicity of them may be
the reasons they are so often overlooked. What are they?
Simply these:

1. Change filters.

2. Maintaining a sufficient quantity of clean hydraulic fluid
of the proper type and viscosity in the reservoir.

3. Keeping all connections tight, but not to the point of
distortion, so that air is excluded from the system.
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TROUBLESHOOTING CHARTS. The following charts are
arranged in five main catogories. The headings of each is an
effect which Indicates a malfunction in the system. For
example; if a pump is exceptionally noisy, refer to Chart |
titted EXCESSIVE NOISE. The noisy pump appears in
Column A under the main heading. In Column A there are

SUB-SECTION 4A

four probable causes for a noisy pump. The causes are listed
according to the likelihood of occurrence or the ease of
checking it. The first cause is cavitation and the remedy is
“a”. If the first cause does not exist, check for cause num-
ber 2, etc.

Chart 1. Excessive Noise

REMEDIES:

a. Any or all of the following: Replace dirty filters - Cleon clogged inlet line - Clean reservois breather
vent - Change system fluid - Change to proper pump drive motor speed

b. Any or all of the following: Tighten lecky inlet
pump shaft seal

c. Align unit ond check condition of seals ond beorings

d. Instoll pressre gouge ond odjust to correct pressurs

e. Overhaul or replace

EXCESSIVE NOISE
A lB C
L
PUMP NOISY MOTOR NOISY RELIEF VALVE NQISY
| _ 1. Covitation | 1. _Coupling Misaligned 1. Setting too close to
Remedy: o ] “Remedy: ¢ n operating presure
or to onother valve
— _sc"inn -
Wy: d ]
| _ 2. AirinFluid ] 2, Motor Worn or
Remedy: B~ ___ Domoged = |
B “Remedy: e
| 2. Wom t ond seot
fomedy: & —— —
3. Coupling Misaligned
[~ T T Remedy: ¢

connections - Fill reservoir to proper level - Replace
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Chart 2. Excessive Heat

| excessive Heat |

o )8
A B C D
| pump HEATED 1 MOTOR HEATED RELIEF VALVE | FoHeateo |
| 1. Fluid heated | 1. Fluid heated | 1, Fluid heoted 1. System pressure
emedy: See Remedy: See Remedy: See | __toohigh |
column D column D colvmn D TRemedy: d
2. Cavitation | 2. Relief or un- 2. Valve setting 2, Unloading valve set
Remedy: o loading valve | ___incorrect | | __too l)_i_gh —
__sat too high | Remedy: d Remedy: d ﬂ
[~ ~ Remedy: d
3, Airinfluid |
Remedy: b 3. Womor 3. Fluid dirty or low
3. Excessive damaged volve _wpply -
_logd | ™ " Remedy: & ] " Remedy: [ 7
Remedy: ¢
4. Relief or unloading
| valve set too high
Remedy: d | 4. lncorrect fluid
4. Wornor | viscosity
__ damaged motor | Remedy: f -
™ T Remedy: e
[5._Excessive lood _
Remedy: ¢
5. Foulty fluid
cooling system
— Remedyr 6 ]
8. Worn or
od pum,
- — Temay s — 1

6. Wom pump, valve,
motor, cylinder or

other ¢ ent
— ey ]

REMEDIES:
a. Any or all of the following: Replace dirty filters - Clean clogged inlet line - Clean reservoir breather
vent - Change system fluid - Change to proper pump drive motor speed

b. Any or all of the following: Tighten leaky inlet connections - Fill reservoir to proper level - Replace pump
shoft seal

c. Align unitand check condition of seals ond bearings ~ Locate and correct mechanical binding - Check for
work load in excess of circuit design

d. Instoll pressure gouge and adjust to correct pressure
e. Overhaul or replace

f. Change filters ond also system Fluld if of improper viscosity - Flil reservoir to proper level
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Chart 3. Incorrect Flow

[ mcomeecT FLow |
) |

A A e
Il ~Norow | [ wowrow ] | excessiveriow |
1. Pump not receiving 1. Flow control set too 1. Flow control et too
fluid o fow L _high
[~ Remedy: o ] "Remedy: d | —Rﬁy':-d_—
2. Pump drive 2. Relief or unloading
e Remedy: d
3. Pump to drive 3. External leck in
coupling sheored syatem
T T Remedy: ¢ ] — “Tamedy: B T
| )|
4. Directional control 4. Wom pump, volve,
=t in wrong ses S!ie.n;_‘ motor, eylinder, or
" Remedy: T T | _other component __
Remedy: o 7
1
i
5. Entice flow passing
over raliaf valve
e —
|
&0 pomp_
. — —
- s

REMEDIES:

a. Any or oll of the following: Reploce dirty filters - Clean clogged inlet line - Cleon reservoir breather
vent - Fill reservoir 1o proper level

b. Tighten lecky connections

c. Check for damaged pump or pump drive - Replace ond olign coupling
d, Adjust

e. Overhoul or replace

f. Check position of manually operated controls
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Chart 4. Incorrect Pressure

[ INCORRECT PRESSURE |
T

A B 1C D_
| NO PressURE | Low eressure | ERRATIC [ ExCESSIVE pRESSURE |
PRESSURE
T
|
1. No flow 1. Pressure re- 1. Airin fluid 1. Pressure reducing,
™ Bomedy: See | lef poth “Remedy: & 1 relief or unlooding
Chort I, | _exigs | _valve misodjusted
column A Remedy: See T_ Remedy: ¢
Chort I}
column A ond 2. Worn relief
8 —valve ____|
B Remedy: d 2. Pressure reducing
relief or unloading
valve wom or
2. Exceuive | ___domaged
external 3. Contamination Romo:-y— a T
leckage influid
— temedy: b | Remedy: o 7
5. Wom pump,
motor or
eylinder
— " Remedy: d

REMEDIES:
a. Replace dirty filters and system fluid
b. Tighten ieaky connections, Fill reservoir 1o proper ievel

c. Adjust

d. Overhaul or replace
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Chart 5. Faulty Operation

SUB-SECTION 4A

| FAULTY OpERATION |

SN
A 8
| NO MOVEMENT ] | stow movement |

+_ No flow or pressure
- ety 5 Che ]
"

2. Limit or sequence
device (mechoni -
col electrical,
or hydraulic) in-
operative or mis-

4, Worn or domaged
— gylinder or motor
T mzy [

REMEDIES:

b. Locate bind ond repair
c. Overhaul or replace

d. Lubricate

[ 1. Low flow |
Remedy: See
Chart 11

2, Fluid viscosity

-

I

ERRATIC
MOVEMENT

D

EXCESSIVE SPEED
OR MOVEMENT

1. Erratic pres-

1. Excessive _f_l_ow

pre e e

e’ e s

Chort |

Remedy: See |

3.

Insufficient
control pressure
for valves

Chart 1V

3. No lubrica-
tion of link-

— — By d—

4,

No lubrication
of machine ways

4. Worn or dom-
aged cylinder

— — — s s,

— — - — —— —

a. Fiuid may be too cold or should be changed to clean fluid of correct viscosity

4A-8




SUB-SECTION  4A

SYSTEM DESCRIPTIONS

BASIC MACHINE WITH GEARMATIC MAIN WINCH
(100J3556)

PUMPING CIRCUIT The pumping circuit consists of the
reservoir, pumps, swivel, return line filters and oil cooler.

The hydraulic pumps are driven by the carrier engine
through a pump drive, which allows the pumps to be dis-
connected from the engine when the machine is being
roaded. When the pumps are driven, oil is drawn from the
reservoir through the suction manifold and is forced out
into the system. The oil leaving the pumps flows through
the rotary joint, through the open center control valves, and
then back to the reservoir through either the return line
filters or oil cooler.

The oil will continue to circulate through the system, as
long as all the control valves are in the neutral position.
Under these conditions, very little pressure will be devel-
oped, since there is practically no resistance to oil flow.

Oil flowing through the oil cooler comes from the return
side of the swing control valve. Oil returning from the re-
maining control valves flows through the return line filters.
This arrangement ensures that all the return oil is either
cooled or filtered before returning to tank.

BOOM HOIST CIRCUIT. To raise the boom, the operator
pulls the control lever back. In this position, hydraulic oil
passes from the pump, through the control valve and the
check valve in the counterbalance valve, to the boom hoist
cylinders. Since the oil flowing to the cylinders is blocked
by the velocity fuse on each cylinder, no cylinder move-
ment will occur until the pressure in the circuit is sufficient
to shift the velocity fuse spool to the open position. When
this occurs, the oil from the control valve will flow past the
velocity fuse spool and check valve to the blind end of the
cylinder, causing the cylinder to extend and lift the boom.

NOTE

Once the velocity fuses are shifted to the open posi-
tion, the spool will remain in the open position es
long as pressure is trapped in the circuit. If pressure is
lost, the spool will shift to the closed position and the
boom will lower slowly as the oil in the cylinders is
vented to atmosphere through the orifices in the
valve.

To lower the boom, the operator pushes the control lever
forward. In this position, hydraulic oil is fed directly to the

rod end of the cylinder. The oil at the blind end of the
cylinder, however, is prevented from returning to the reser-
voir by the counterbalance valve until sufficient pressure
from the rod end of the cylinder, supplied through a pilot
line, is applied to the counterbalance valve. When enough
pressure is developed in the pilot circuit, the counter-
balance valve will shift to the open position, allowing the
oil at the blind end of the cylinder to return to tank.

BOOM TELESCOPE CIRCUIT. To extend the boom at low
speed, the operator pushes the control lever forward, to the
detent. In this position, hydraulic oil passes from the pump,
through the control valve and the check valve in the
counterbalance valve, to the telescope cylinders. Oil from
the blind end of the telescope cylinders flows through a
50-50 flow divider and a priority flow control valve, and
then returns to tank through the control valve. These flow
control valves are used to synchronize the extension of the
boom sections by metering the flow of oil out of the cylin-
ders. Crossover relief valves are provided in the flow divider
to divert the oil that the flow divider is not capable of
handling back to tank via an alternate flow path.

To extend the boom at high speed, the operator pushes the
control lever pest the detent. In this position, hydraulic oil
enters and leaves the cylinders as described above. Instead
of returning to tank, however, the oil passes through the
control valve end returns to the blind end of the cylinders.
In this way, a relatively small amount of oil, represented by
the difference between the volume of the blind and rod
ends of the cylinder, is all that is required to extend the
cylinder rod. This reduces the force applied to the boom
sections by the cylinders, but increases the speed of opera-
tion.

To retract the boom, the operator pulls the control lever
back. In this position, hydraulic oil is fed directly to the rod
end of the cylinder through the priority flow control valve
and 50-50 flow divider, The priority flow control valve
meters the oil to the circuit, which is then divided into two
equal flows by the 50-50 flow divider. Oil flowing to the
rod end of the cylinder also applies pressure to the counter-
balance valve, opening the valve to allow the oil to return to
tank through the control valve.

SWING CIRCUIT. When the operator moves the swing lever
to either the forward or backward position, hydraulic oil is
directed through the control valve to the swing motor.

This causes the swing pinion, which is mated to the slewing
ring gear, to rotate and turn the upper in relationship to the
lower.
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The swing brake is used to lock the swing reducer so that
the swing motor cannot turn, thus preventing the revolving
upper portion of the machine from turning.

NOTE

The upper of the machine will swing freely if the
swing brake is not applied.

The swing brake pedal is shown in the released position. In
this position, oil is allowed to enter the brake chamber and
release the brake. When the operator depresses the swing
brake pedal, the oil in the brake chamber is allowed to
return to tank and the brake springs set the brake.

4A-10
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The swing brake lock is shown in its normal operating posi-
tion. When the machine is not working or is shut down, the
swing brake lock should be placed in the locked position. In
this position, the oil in the brake chamber is allowed to
return to tank and the brake springs set the brake.

MAIN WINCH CIRCUIT. The main winch control valve
directs hydraulic oil from the pump to the winch motor.
The direction in which the valve spool is shifted will deter-
mine whether the winch will lift or lower a load. The speed
of winch operation is determined by the amount of oil
metered through the control valve to the winch motor.
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BASIC MACHINE WITH GEARMATIC MAIN AND AUX-
ILIARY WINCHES (100J3556)

PUMPING CIRCUIT. The pumping circuit consists of the
reservoir, pumps, swivel, return line filters and oil cooler.

The hydraulic pumps are driven by the carrier engine
through a pump drive, which allows the pumps to be dis-
connected from the engine when the machine is being
roaded. When the pumps are driven, oil is drawn from the
reservoir through the suction manifold and I1s forced out
into the system. The oil leaving the pumps flows through the
rotary joint, through the open center control valves, and
then back to the reservoir through either the return line
filters or oil cooler.

The oil will continue to circulate through the system, as
long as all the control valves are in the neutral position.
Under these conditions, very little pressure will be devel-
oped, since there is practically no resistance to oil flow.

Oil flowing through the oil cooler comes from the return
side of the swing control valve. Oil returning from the re-
maining control valves flows through the return line filters.
This arrangement ensures that all the return oil is either
cooled or filtered before returning to tank.

BOOM HOIST CIRCUIT. To raise the boom, the operator
pulls the control lever back. In this position, hydraulic oil
parses from the pump, through the control valve and the
check valve in the counterbalance valve, to the boom hoist
cylinders. Since the oil flowing to the cylinders is blocked
by the velocity fuse on each cylinder, no cylinder move-
ment will occur until the pressure in the circuit is sufficient
to shift the velocity fuse spool to the open position. When
this occurs. the oil from the control valve will flow past the
velocity fuse spoof and check valve to the blind end of the
cylinder, causing the cylinder to extend and lift the boom.

NOTE

Once the velocity fuses are shifted to the open posi-
tion, the spool will remain in the open position as
long as pressure is trapped in the circuit. If pressure is
lost, the spool will shift to the closed position and the
boom will lower slowly as the oil in the cylinders is
vented to atmosphere through the orifices in the
valve.

To lower the boom, the operator pushes the control lever
forward. In this position, hydraulic oil is fed directly to the
rod end of the cylinder. The oil at the blind end of the

cylinder, however, is prevented from returning to the reser-
voir by the counterbalance valve until sufficient pressure
from the rod end of the cylinder, supplied through a pilot
line, is applied to the counterbalance valve. When enough
pressure is developed in the pilot circuit, the counter.
balance valve will shift to the open position, allowing the
oil at the blind end of the cylinder to return to tank.

BOOM TELESCOPE CIRCUIT. To extend the boom at low
speed, the operator pushes the control lever forward, to the
detent. In this position, hydraulic oil passes from the pump,
through the control valve and the check valve in the
counterbalance valve, to the telescope cylinders. Oil from
the blind end of the telescope cylinders flows through a
50-50 flow divider and a priority flow control valve, and
then returns to tank through the control valve. These flow
control valves are used to synchronize the extension of the
boom sections by metering the flow of oil out of the cylin-
ders. Crossover relief valves are provided in the flow divider
to divert the oil that the flow divider is not capable of
handling back to tank via an alternate flow path.

To extend the boom at high speed, the operator pushes the
control lever past the detent. In this position, hydraulic oil
enters and leaves the cylinders as described above. Instead
of returning to tank, however, the oil passes through the
control valve and returns to the blind end of the cylinders.
In this way, a relatively small amount of oil, represented by
the difference between the volume of the blind and rod
ends of the cylinder, is all that is required to extend the
cylinder rod. This reduces the force applied to the boom
sections by the cylinders, but increases the speed of opera-
tion.

To retract the boom, the operator pulls the control lever
back. In this position, hydraulic oil is fed directly to the rod
end of the cylinder through the priority flow control valve
and 50-50 flow divider. The priority flow control valve
meters the oil to the circuit, which is then divided into two
equal flows by the 50-50 flow divider. Oil flowing to the
rod end of the cylinder also applies pressure to the counter-
balance valve, opening the valve to allow the oil to return to
tank through the control valve.

SWING CIRCUIT. When the operator moves the swing lever
to either the forward or backward position, hydraulic oil is
directed through the control valve to the swing motor.

This causes the swing pinion, which is mated to the slewing
ring gear, to rotate and turn the upper in relationship to the
lower.
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HYDRAULIC SYSTEM

The swing brake is used to lock the swing reducer so that
the swing motor cannot turn, thus preventing the revolving
upper portion of the machine from turning.

NOTE

The upper of the machine will swing freely if the
swing brake is not applied.

The swing brake pedal is shown in the released position. In
this position, oil is allowed to enter the brake chamber and
release the brake. When the operator depresses the swing
brake pedal, the oil in the brake chamber is allowed to
return to tank and the brake springs set the brake.

The swing brake lock is shown in its normal operating posi-

tion. When the machine is not working or is shut down, the
swing brake lock should be placed in the locked position. In
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this position, the oil in the brake chamber is allowed to
return to tank and the brake springs set the brake.

MAIN WINCH CIRCUIT. The main winch control valve
directs hydraulic oil from the pump to the winch motor.
The direction in which the valve spool is shifted will deter-
mine whether the winch will lift or lower a load. The speed
of winch operation is determined by the amount of oil
metered through the control valve to the winch motor.

AUXILIARY WINCH CIRCUIT. The auxiliary winch con-
trol valve directs hydraulic oil from the pump to the winch
motor. The direction in which the valve spool is shifted
will determine whether the winch will lift or lower a load.
The speed of winch operation is determined by the amount
of oil metered through the control valve to the winch
motor.



SUB-SECTION 4A

BASIC MACHINE WITH GEARMATIC FREE-FALL MAIN
AND NON FREE-FALL AUXILIARY WINCHES
(100J3556)

PUMPING CIRCUIT. The pumping circuit consists of the
reservoir, pumps, swivel, return line filters and oil cooler,

The hydraulic pumps are driven by the carrier engine
through a pump drive, which allows the pumps to be dis-
connected from the engine when the machine is being
roaded. When the pumps are driven, oil is drawn from the
reservoir through the suction manifold and is forced out
into the system. The oil leaving the pumps flows through the
rotary joint, through the open center control valves, and
then back to the reservoir through either the return line
filters or oil cooler.

The oil will continue to circulate through the system, as
long as all the control valves are in the neutral position.
Under these conditions, very little pressure will be devel-
oped, since there is practically no resistance to oil flow.

Oil flowing through the oil cooler comes from the return
side of the swing control valve. Oil returning from the re-
maining control valves flows through the return line filters.
This arrangement ensures that all the return oil is either
cooled or filtered before returning to tank.

BOOM HOIST CIRCUIT. To raise the boom, the operator
pulls the control lever back. In this position, hydraulic oil
passes from the pump, through the control valve and the
check valve in the counterbalance valve, to the boom hoist
cylinders. Since the oil flowing to the cylinders is blocked
by the velocity fuse on each cylinder, no cylinder move-
ment will occur until the pressure in the circuit is sufficient
to shift the velocity fuse spool to the open position. When
this occurs, the oil from the control valve will flow past the
velocity fuse spool and check valve to the blind end of the
cylinder, causing the cylinder to extend and lift the boom.

NOTE

Once the velocity fuses are shifted to the open posi-
tion, the spool will remain in the open position as
long as pressure is trapped in the circuit. If pressure is
lost, the spool will shift to the closed position and the
boom will lower slowly as the oil in the cylinders is
vented to atmosphere through the orifices in the
valve.

To lower the boom, the operator pushes the control lever
forward. In this position, hydraulic oil is fed directly to the

rod end of the cylinder. The oil at the blind end of the
cylinder, however, is prevented from returning to the reser-
voir by the counterbalance valve until sufficient pressure
from the rod end of the cylinder, supplied through a pilot
line, is applied to the counterbalance valve. When enough
pressure is developed in the pilot circuit, the counter-
balance vulva will shift to the open position, allowing the
oil at the blind end of the cylinder to return to tank.

BOOM TELESCOPE CIRCUIT. To extend the boom at low
speed, the operator pushes the control lever forward, to the
detent. In this position, hydraulic oil passes from the pump,
through the control valve and the check valve in the
counterbalance valve, to the telescope cylinders. Oil from
the blind end of the telescope cylinders flows through a
50-50 flow divider and a priority flow control valve, and
then returns to tank through the control valve. These flow
control valves are used to synchronize the extension of the
boom sections by metering the flow of oil out of the cylin-
ders. Crossover relief valves are provided in the flow divider
to divert the oil that the flow divider is not capable of
handling back to tank via an alternate flow path,

To extend the boom at high speed, the operator pushes the
control lever past the detent. In this position, hydraulic oil
enters and leaves the cylinders as described above. Instead
of returning to tank, however, the oil passes through the
control valve and returns to the blind end of the cylinders.
In this way, a relatively small amount of oil, represented by
the difference between the volume of the blind and rod
ends of the cylinder, is all that is required to extend the
cylinder rod. This reduces the force applied to the boom
sections by the cylinders, but increases the speed of opera-
tion.

To retract the boom, the operator pulls the control lever
back. In this position, hydraulic oil is fed directly to the rod
end of the cylinder through the priority flow control valve
and 50-50 flow divider. The priority flow control valve
meters the oil to the circuit, which is then divided into two
equal flows by the 50-50 flow divider. Oil flowing to the
rod end of the cylinder also applies pressure to the counter-
balance valve, opening the valve to allow the oil to return to
tank through the control valve.

SWING CIRCUIT. When the operator moves the swing lever
to either the forward or backward position, hydraulic oil is
directed through the control valve to the swing motor.

This causes the swing pinion, which is mated to the slewing
ring gear, to rotate and turn the upper in relationship to the
lower.
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HYDRAULIC SYSTEM

The swing brake is used to lock the swing reducer so that
the swing motor cannot turn, thus preventing the revolving
upper portion of the machine from turning.

NOTE

The upper of the machine will swing freely if the
swing brake is not applied.

The swing brake pedal is shown in the released position. In
this position, oil is allowed to enter the brake chamber and
release the brake. When the operator depresses the swing
brake pedal, the oil in the brake chamber is allowed to
return to tank and the brake springs set the brake.

The swing brake lock is shown in its normal operating posi-
tion. When the machine is not working or is shut down, the
swing brake lock should be placed in the locked position. In
this position, the oil in the brake chamber is allowed to
return to tank and the brake springs set the brake.

MAIN WINCH CIRCUIT. The main winch control valve
directs hydraulic oil from the pump to the winch motor.
The direction in which the valve spool is shifted will deter-
mine whether the winch will lift or lower a load. The speed
of winch operation is determined by the amount of oil
metered through the control valve to the winch.

An optional free-fall feature is incorporated into the main
winch, and operates as follows:

A metered flow of hydraulic oil from the swing pump is
directed to the free-fall circuit by the priority valve. When
the free-fall control valve is in the released position, this
fluid passes through the valve and returns to the reservoir.
Under this condition, the free-fall feature is inoperative and
the main winch operates as a non free-fall winch.
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When the free-fall control lever is moved toward the opera-
tor, the metered oil flow is restricted, creating pressure at
the free-fall brake release port. As soon as the brake is
released sufficiently to allow the internal gear to rotate,
the metering pump is driven by the internal gear and meters
part of the oil supply out of the circuit. This decreases the
pressure in the free-fall brake circuit, which tends to apply
the brake; thereby regulating winch drum speed.

The speed at which the load is lowered is proportional to
the amount of control lever travel. As the travel of the
control lever is increased, the flow of oil through the con-
trol valve is restricted to a greater extent; an increase in
pressure releases the brake further, causing an increase in
speed. When the control valve lever is moved to its full
extent, all the oil is required to pass through the metering
pump and maximum uniform speed is obtained.

When a load is being lowered with the free-fall brake,
the control valve lever must be moved gradually.
Sudden movement of the control lever will create a
pressure surge and cause the load to lower at an un-
even speed. The control valve lever must also be
moved slowly to stop the load smoothly.

AUXILIARY WINCH CIRCUIT. The auxiliary winch con-
trol valve directs hydraulic oil from the pump to the winch
motor. The direction in which the valve spool is shifted
will determine whether the winch will lift or lower a load.
The speed of winch operation is determined by the amount
of oil metered through the control valve to the winch
motor.
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BASIC MACHINE WITH FREE-FALL MAIN AND AUX-
ILIARY WINCHES (100J3556)

PUMPING CIRCUIT. The pumping circuit consists of the
reservoir, pumps, swivel, return line filters and oil cooler.

The hydraulic pumps are driven by the carrier engine
through a pump drive, which allows the pumps to be dis-
connected from the engine when the machine is being
roaded. When the pumps are driven, oil is drawn from the
reservoir through the suction manifold and is forced out
into the system. The oil leaving the pumps flows through the
rotary joint, through the open center control valves, and
then back to the reservoir through either the return line
filters or oil cooler.

The oil will continue to circulate through the system, as
long as all the control valves are in the neutral position.
Under these conditions, very little pressure will be devel-
oped, since there is practically no resistance to oil flow.

Oil flowing through the oil cooler comes from the return
side of the swing control valve. Oil returning from the re-
maining control valves flows through the return line filters.
This arrangement ensures that all the return oil is either
cooled or filtered before returning to tank.

BOOM HOIST CIRCUIT. To raise the boom, the operator
pulls the control lever back. In this position, hydraulic oil
passes from the pump, through the control valve and the
check valve in the counterbalance valve, to the boom hoist
cylinders. Since the oil flowing to the cylinders is blocked
by the velocity fun on each cylinder, no cylinder move-
ment will occur until the pressure in the circuit is sufficient
to shift the velocity fuse spool to the open position. When
this occurs, the oil from the control valve will flow past the
velocity fuse spool and check valve to the blind end of the
cylinder, causing the cylinder to extend and lift the boom.

NOTE

Once the velocity fuses are shifted to the open posi-
tion, the spool will remain in the open position as
long as pressure is trapped in the circuit. If pressure is
lost, the spool will shift to the closed position and the
boom will lower slowly as the oil in the cylinders is
vented to atmosphere through the orifices in the
valve.

To lower the boom, the operator pushes the control lever
forward. In this position, hydraulic oil is fed directly to the
rod end of the cylinder. The oil at the blind end of the

cylinder, however, is prevented from returning to the reser-
voir by the counterbalance valve until sufficient pressure
from the rod end of the cylinder, supplied through a pilot
line, is applied to the counterbalance valve. When enough
pressure is developed in the pilot circuit, the counter.
balance valve will shift to the open position, allowing the
oil at the blind end of the cylinder to return to tank.

BOOM TELESCOPE CIRCUIT. To extend the boom at low
speed, the operator pushes the control lever forward, to the
detent. In this position, hydraulic oil passer from the pump,
through the control valve and the check valve in the
counterbalance valve, to the telescope cylinders. Oil from
the blind end of the telescope cylinders flows through a
50-50 flow divider and a priority flow control valve, and
then returns to tank through the control valve. These flow
control valves are used to synchronize the extension of the
boom sections by metering the flow of oil out of the cylin-
ders. Crossover relief valves are provided in the flow divider
to divert the oil that the flow divider is not capable of
handling back to tank via an alternate flow path.

To extend the boom at high speed, the operator pushes the
control lever past the detent. In this position, hydraulic oil
enters and leaves the cylinders as described above. Instead
of returning to tank, however, the oil passes through the
control valve and returns to the blind end of the cylinders.
In this way, a relatively small amount of oil, represented by
the difference between the volume of the blind and rod
ends of the cylinder, is all that is required to extend the
cylinder rod. This reduces the force applied to the boom
sections by the cylinders, but increases the speed of opera-
tion.

To retract the boom, the operator pulls the control lever
back. In this position, hydraulic oil is fed directly to the rod
end of the cylinder through the priority flow control valve
and 50-50 flow divider. The priority flow control valve
meters the oil to the circuit, which is then divided into two
equal flows by the 50-50 flow divider. Oil flowing to the
rod and of the cylinder also applies pressure to the counter-
balance valve, opening the valve to allow the oil to return to
tank through the control valve.

SWING CIRCUIT. When the operator moves the swing lever
to either the forward or backward position, hydraulic oil is
directed through the control valve to the swing motor.

This causes the swing pinion, which is meted to the slewing
ring gear, to rotate and turn the upper in relationship to the
lower.
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HYDRAULIC SYSTEM

The swing brake is used to lock the swing reducer so that
the swing motor cannot turn, thus preventing the revolving
upper portion of the machine from turning.

NOTE

The upper of the machine will swing freely if the
swing brake is not applied.

The swing brake pedal is shown in the released position. In
this position, oil is allowed to enter the brake chamber and
release the brake. When the operator depresses the swing
brake pedal, the oil in the brake chamber is allowed to
return to tank and the brake springs set the brake.

The swing brake lock is shown in its normal operating posi-
tion. When the machine is not working or is shut down, the
swing brake lock should be placed in the locked position. In
this position, the oil in the brake chamber is allowed to
return to tank and the brake springs set the brake.

MAIN WINCH CIRCUIT. The main winch control valve
directs hydraulic oil from the pump to the winch motor.
The direction in which the valve spool is shifted will deter-
mine whether the winch will lift or lower a load. The speed
of winch operation is determined by the amount of oil
metered through the control valve to the winch motor.

An optional free-fall feature is incorporated into the main
winch, and operates as follows:

A metered flow of hydraulic oil from the swing pump is
directed to the free-fall circuit by the priority valve. When
the free-fall control valve is in the released position, this
fluid passes through the valve end returns to the reservoir.
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Under this condition, the free-fall feature is inoperative
end the main winch operates as a non free-fall winch.

When the free-fell control lever is moved toward the opera-
tor, the metered oil flow is restricted, creating pressure at
the free-fell brake release port. As soon as the brake is
released sufficiently to allow the internal gear to rotate,
the metering pump is driven by the internal gear and meters
pert of the oil supply out of the circuit. This decreases the
pressure in the free-fall brake circuit, which tends to apply
the brake; thereby quieting winch drum speed.

The speed at which the load is lowered is proportional to
the amount of control lever travel. As the travel of the con-
trol lever is increased, the flow of oil through the control
valve is restricted to a greater extent; and an increase in
pressure releases the brake further, causing an increase in
speed. When the control valve lever is moved to its full
extent, ail the oil is required to pass through the metering
pump and maximum uniform speed is obtained.

When a load is being lowered with the free-fail brake,
the control valve lever must be moved gradually.
Sudden movement of the control lever will create a
pressure surge end cause the load to lower at an un-
even speed. The control valve lever must also be
moved slowly to stop the load smoothly.

AUXILIARY WINCH CIRCUIT. The operation of the aux-
lliary winch circuit is identical to the operation of the main
winch circuit, except that the metered flow of oil from the
swing pump is divided equally between the main end aux-
illary winch circuits after the oil leaves the priority valve.



BASIC MACHINE WITH P&H MAIN AND AUXILIARY
WINCHES (100X133)

PUMPING CIRCUIT. The pumping circuit consists of the
reservoir, pumps, swivel, return line filters and oil cooler.

The hydraulic pumps are driven by the carrier engine
through a pump drive, which allows the pumps to be dis-
connected from the engine when the machine is being
roaded. When the pumps are driven, oil is drown from the
reservoir through the suction manifold and is forced out
into the system. The oil leaving the pumps flows through the
rotary joint, through the open center control valve, and
then back to the reservoir either through the return line
filters or oil cooler.

The oil will continue to circulate through the system, as
long as all the control valves are in the neutral position.
Under these conditions, very little pressure will be devel-
oped, since there is practically no resistance to oil flow.

Oil flowing through the oil cooler comes from the return
side of the swing control valve. Oil returning from the re-
maining control valves flows through the return line filters.
This arrangement ensures that all the return oil is either
cooled or filtered before returning to tank.

BOOM HOIST CIRCUIT. To raise the boom, the operator
pulls the control lever back. In this position, hydraulic oil
passes from the pump, through the control valve and the
check valve in the counterbalance valve on the boom hoist
cylinder, to the blind end of the cylinder. Fluid from the
rod end of the cylinders returns to the reservoir through the
control valve.

To lower the boom, the operator pushes the control lever
forward. in this position, hydraulic oil is fed directly into
the rod end of the cylinders. At the same time, pilot pres-
sure from the line is applied to the counterbalance valve,
opening the valve and allowing the oil at the blind end of
the cylinder to return to tank through this valve and the
control valve.

BOOM TELESCOPE CIRCUIT. To extend the boom, the
operator pushes the control levers forward. In this position,
hydraulic oil passes from the pump, through a one to one
flow divider to the control valve. From the control valves,
the oil passes through the check valve in the counterbalance
into the blind end of the cylinders.

To retract the boom, the operator pulls the control levers
back. In this position, hydraulic oil is fed directly into the
rod end of the cylinders. At the same time, pilot pressure
from the line is applied to the counterbalance valve,
opening the valve and allowing the oil to return from the
blind end of the cylinder, through this valve and the control
valve to tank.

SWING CIRCUIT. Hydraulic oil, under pressure, is deliv-
ered by the swing pump to the swing control valve through
the priority flow control valves. The hydraulic oil will
continue to circulate and no motion will occur until
the operator moves the swing lever to either the forward
or backward positions.

When the operator moves the swing lever to either the for-
ward or backward position, hydraulic oil is directed
through the control valve to the swing motor. This causes
the swing pinion, which is mated with the slewing ring
gear, to rotate, thereby turning the upper in relation to the
lower.

The swing brake is used to lock the swing reducer so that
the swing motor cannot turn, thus preventing the upper
from turning.

NOTE

The upper of the machine will swing freely if the
swing brake is not applied.

The swing brake is shown in the released position. When the
operator depresses the swing brake pedal, the hydraulic olil
in the brake chamber is returned to tank, and the brake
springs set the brake. Releasing the brake pedal, allows
hydraulic oil to enter the brake chamber, thereby releasing
the brake.

The swing brake lock is shown in its normal operating posi-
tion. When the machine is not working or is shut down, the
swing brake lock should be pieced in the locked position. in
this position, the oil in the brake chamber is returned to
tank and the brake is applied.

MAIN WINCH CIRCUIT. The main winch control valve
directs hydraulic oil from the pump to one winch motor
port or the other. This will cause the winch to turn in a
direction which will lift or lower the load, depending upon
which side of the motor the hydraulic pressure is applied.
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HYDRAULIC SYSTEM

When the winch control lever is moved to the lower posi-
tion, the winch brake valve spool is shifted, blocking the
tank port while allowing the oil to flow from the swing
pump to the winch brake cylinder. Pressure developed in
the cylinder will then release the winch brake.

NOTE

The winch brake is not released when the winch is
operated in the raising direction. A Sprag clutch
allows the motor to drive the winch drum through
the brake disc.

A two speed, gear type motor is used to drive the winch.
When the winch speed selector switch in the cab is in the
low speed position, the winch speed selector valve is de-
energized, allowing the valving within the motor to shift to
the open position. This allows the oil supplied to the motor
by the control valve to flow through both motor sections,
producing high torque at low speed.
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When the selector switch is in the high speed position, the
winch speed selector valve is energized, causing the valving
within the motor to shift to the closed position. This pre-
vents oil from flowing through both sections of the motor.
Since all the oil flow from the control valve must now pass
through one section of the motor, the motor will develop
low torque at a high speed.

When the winch control lever is pushed fully forward, the
oil in the circuit will recirculate from the motor, through
the control valve and back to the inlet of the motor. This
will cause the load to lower under controlled free-fall con-
ditions.

AUXILIARY WINCH CIRCUIT. The operation of the aux-
iliary winch circuit is the same as the operation of the main
winch circuit. Refer to the above description.



PUMPS

SUB-SECTION 4B

SUB-SECTION 4B
PUMPS

DUAL PUMPS (41755 & 41756)

GENERAL

Dual hydraulic pump 41Z55 is used to develop fluid flow
for the operation of the main winch and boom telescope
circuits, while dual pump 41Z56 provides flow for the
operation of the swing and boom hoist circuits.

OUTLET COVER

PRESSURE PLATE
RING—
VANE

INTRA-VANE
ROTOR

WEAR PLATES

The pump illustrated in[Eigure 4B-Tlis representative of the
dual pumps. The pump consists principally of an outlet
body, inlet housing, outlet cover, driveshaft and two
pumping cartridges. The principal components of each car-
tridge are an elliptical cam ring, a slotted rotor splined to the
driveshaft, a pressure plate, wear plate, and ten vanes fitted
to the rotor slots.

NLET HOUSING
OUTLET BODY
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RING
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‘ /. t
\ )
INTRA-VANE
‘ ROTOR

Figure 4B-1. Dual Pumps (41255 and 41756)
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PUMPS

PRINCIPLES OF OPERATION

Fluid enters the pumping cartridge through the inlet port
and is discharged through the pressure plates to the outlet
ports. The action of the pumping cartridge is illustrated in
Figure 4B-2.

The rotor is driven within the cam ring by the driveshaft,
which is coupled to the pump drive. As the rotor turns,
centrifugal force on the vanes, aided by under-vane pressure
fed from the outlet port, causes them to follow the ellip-
tical inner surface of the cam ring.

Radial movement of the vanes and turning of the rotor
cause the chamber volume between the vanes to increase as
the vanes pass the inlet section of the cam ring. This results
in a low pressure condition which allows atmospheric pres-
sure to force fluid into the chambers.

This fluid is trapped between the vanes and carried past a
sealing land to the outlet section of the cam ring. As the

SUB-SECTION 4B

outlet section is approached, the chamber volume decreases
and the fluid is forced out onto the system.

The intra-vane design provides a means of controlling the
outward thrust of the vane against the cam ring to maintain
the tip loads within reasonable limits. In the intra-vane car-
tridge, full system pressure is continuously applied for out-
ward vane thrust only over the area between the vane and
insert. This area is small and thrust is correspondingly light.
During vane travel through pressure areas, full system pres-
sure is also applied against the bottom of the vane. The
valving of pressure to and from the bottom area of the vane
is through holes drilled in the rotor, as shown in Figure
4B-3. This selective application of pressure maintains the
vane in constant radial hydraulic balance in all positions.

The cam ring is shaped so that the two pumping chambers
are formed 180 degrees apart (see[_Eigure 4B-2). Thus,
opposing hydraulic forces which would impose side loads
on the driveshaft cancel each other out.

QUTLET
P
CAM RING INLET 0/;7
@
%
VANE et /T
OUTLET OUTLET
ROTOR
DRIVE SHAFT INLET

Figure 4B-2. Pump Cartridge Operation
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PRESSURE TO INSERT

PRESSURE TO

80TTOM OF VANE

PUMPS

VANE

/ DIRECTION

OF ROTATION

SHARPER EDGES  RING
LEAD DIRECTION
OF ROTATION

Figure 4B-3. Pressure Feed to Vanes

The pressure plate seals the pump chamber as shown in
Figure 4B-4. System pressure is effective against the area at
the back of the plate, which is larger than the area exposed
to the pumping cartridge. Thus, an unbalanced force holds
the plate against the cartridge, sealing the cartridge and
providing the proper running clearance for the rotor and
vanes. The pressure plate also contains passages for feeding
pressure to the space between the vanes and inserts.

REMOVAL

To remove a pump from the pump drive, proceed as fol-
lows:

1. Turn the suction line valve to the closed position.

2. Disconnect the suction and outlet lines from the pump.
Cap the lines and plug the pump ports to prevent the entry
of foreign material into the pump or hydraulic system.

3. Block the pump in position against the pump drive so
that it will not drop when the capscrews are removed. Re-
move the two capscrews securing the pump to the pump
drive. Slide the pump back from the pump drive until the
driveshaft is clear of the pump drive, and remove the pump
to a suitable repair area.

* 4
P 7
I d
E VANE
PRESSURE FEED | N
UNDER VANES ROTOR
VER

COVER~. SHAFT
PRESSURE _—— :"&?‘T"E

PLATE h;

1

COVER END STRAIGHT VANE
PUMPING CARTRIDGE SHOWN

Figure 4B-4 Pressure Plate Functions
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CARTRIDGE REPLACEMENT [Eigure 4B-5 shows the proper relationship of the parts for

disassembly and reassembly. During disassembly, pay par-
GENERAL. Preassembled replacement cartridges are avail- ticular attention to identification of the parts for correct
able for rapid field overhaul of these pumps. If a replace- reassembly.

ment cartridge is being used, proceed as described below for
disassembly and reassembly.

TORQUE SPECIFICATIONS
FT. LBS. PUMP FT. LBS.
(m-kg) (m-kg)
70£5 MAIN WINCH 265 £ 10
(9.68 + 0.7) AND BOOM (36.6 + 1.4)
TELESCOPE
70£5 BOOM HOIST 90+5
9.68 + 0.7)] AND SWING (12.4 + 0.7)

! INLET

BACK-UP RING BOLT HOUSING WEAR PLATE
BACK-UP RING

COVER | O-RINGS | O-RING S 1
(COVER) - :
!
\ |
( 4 BUSHING :
PIN N\ )
RING -
PRESSURE VANE WEAR
PLATE AND INSERT  PLATE
ROTOR - --""
T ACK-
o 8 a?:sup WASHER
= BACK-UP
- O-RING (BODY)  RING  O-RINGS BEARING
l‘ RING
| ROTOR
i
j
L SHAFT
SNAP RINGS
VANE PRESSURE PLATE
AND |
NSERT NOTE

A CARTRIDGE KIT CONSISTS OF A PRESSURE
PLATE, ROTOR, VANE KIT AND INSERTS, RING
WEAR PLATE, TWO PINS, AND TWO SCREWS.

Figure 4B-5. Exploded View of Dual Pump
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INDEX MARKS
| FOR ASSEMBLY
REFERENCE
B

IF VISE
IS USED,
CLAMP HER

i e Pt M-',“‘.ﬂ%‘é’ best

Figure 4B-6. Beginning Disassembly

DISASSEMBLY. Disassemble the pump, to replace the
pumping cartridge, as follows:

1. Support the pump on blocks or clamp the body in a vise
as shown in Figure 4B-6. If a vise is used, use protective
jaws to avoid damage to the body and its machined sur-
faces.

INLET HOUSING—
TO-BODY
SCREW

I

Figure 4B-7. Removing Pump Cover

PUMPS

B
ik

i
PRY WITH
SCREWDRIVER
IF NECESSARY
(BE SURE
TO STONE OFF
ANY BURRS
RAISED BY USING
SCREWDRIVER.)

Figure 4B-8. Removing Cover End Cartridge

2. Mark the body, inlet housing and cover for correct re-
assembly. Remove the four cover screws and lift the cover
off the pump. Remove the cover O-ring (see
Pull and/or pry out the cover end cartridge as shown in

-
d 4b-0

3. Next, remove the four screws attaching the inlet housing
to the body. Lift off the inlet housing (see[Figure 4B-0]
and remove the body O-1ing. Turn the drive shaft to free
the cartridge and pull the cartridge from the body.

P
Figure 4B-9. Removing Inlet Housing
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REASSEMBLY. Reassemble the pump, with a presassem-
bled pumping cartridge, as follows:

1. Clamp the body in a vise or place it on blocks as at

disassembly.

These are left hand rotation pumps. Check the rota-
tion of the new cartridge before installing it in the
pump, The direction of rotation arrow should point
in a counterclockwise direction when the cartridge is
viewed from the shaft end.

2. Install the O-ring and back-up ring on the pressure plate
hub. Lay the body O-ring in the body groove, and install
the large back-up ring and O-ring on the cartridge. Carefully
install the cartridge in the body so one of the chamfers on
the cam ring will align with the inlet port when the inlet
housing is installed.

3. Place the inlet housing over the cartridge so the locating
pins are properly engaged, and the inlet is in the correct
position with respect to the body outlet. Install the four
screws and torque them to the values shown i Figure 4B-5

4. Install the cover end cartridge, being certain the pins
engage the inlet housing. Place the large back-up ring and
O-ring on the pressure plate.

5. Install the small O-ring and back-up ring on the pressure
plate hub. Install the cover O-ring in its groove. Install the
cover and screws. Tighten the screws to the torque values
shown in Figure 4B-5.

OVERHAUL

DISASSEMBLY. Use the following procedure in conjunc-
tion with [Eigure 4B-5 o completely disassemble the pump:

1. Support the pump on blocks clamp the body in a vise
as shown in Figure 4B-6. If a vise is used, use protective
jaws to avoid damage to the body and its machined sur-
faces.

2. Mark the body, inlet housing, and cover for correct re-
assembly. Remove the four cover screws and lift the cover
off me pump. Remove the cover O-ring (sed Eigure 4B-7).
Pull and/or pry out the cover end cartridge as shown in

[Eigure 4B-8]

3. Next, remove the four screws attaching the inlet housing
to the body. Lift off the inlet housing (see[Eigure 4B-9)
and remove the body O-ring. Turn the driveshaft to free the
cartridge and pull the cartridge from the body.

4B-6
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4. Remove the large snap ring and pull the driveshaft and
bearing from the body. Drive the shaft seal and wiper out
from the shaft of the body. If it necessary to remove
the shaft bearing, first remove the small shap ring. Then
press the shaft out of the bearing, while supporting the
bearing inner race.

5. Remove the O-ring, and backup rings from the pressure
plate. Remove the fillister head screws and lift off the wear
plate. Note the position of the am ring, rotor, and vanes to
assure correct reassembly. Separate the cam ring, rotor,
vanes, locating pins, and pressure plate.

INSPECTION AND REPAIR. Inspect and repair the fol-
lowing items:

1. Discard the shaft seal and all O-rings and back-up rings.
Use new gasket kit for reassembly. Wash the metal parts
in clean mineral solvent, blow them dry with filtered, de-
hydrated air, and place them on a clean surface for inspec-
tion.

2. Check the wearing surfaces of the cartridge parts for
scoring and excessive wear. Remove light score marks by
lapping. Lubriting, Moly-Koteing or equivalent is desir-
able after lapping to prevent seizure during start-up. Re-
place any heavily scored or badly worn parts.

3. Inspect the vanes and inserts for burrs, wear, and exces-
sive play in the rotor slots. Replace the rotor if the slots are
worn.

4. Rotate the bearing while applying pressure to check for
wear, looseness and pitted or cracked races.

5. Inspect the seal and bushing mating surfaces on the shaft
for scoring or wear. Replace the shaft if marks cannot be
removed by light polishing.

REASSEMBLY. Use the following procedure to reassemble
the pump:

NOTE

Coat all parts except seals and back-up rings with
clean hydraulic fluid to facilitate reassembly, and to
provide initial lubrication. Use small amounts of
petroleum jelly to hold the O-rings in place during
reassembly.

1. Place the pressure plate on blocks as shown in Figure
4B-10. Place the rotor on the pressure plate with the arrow
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pointed in the correct direction for /eft hand rotation. In-
stall the locating pins.

NOTE

The direction of rotation is as viewed from the shaft
end. Left hand rotation is counterclockwise.

CHECK DIRECTION
OF ROTATION
FACING SHAFT END

Figure 4B-10. Installing Rotor

2. Position the cam ring over the pins and rotor, again
observing the rotation arrow (see [Figure 4B-11). Place the
inserts in the vanes and install both in the rotor slots. Be
sure the sharp edges are toward the direction of rotation,
and that both vanes and inserts move freely in the slots (see

m. Install the wear plate and screws,

o

§ CHECK DIRECTION
OF ROTATION
FACING SHAFT END §

CHAMFER
TRAILS ;
DIRECTION OF 4

ROTATION §

Figure 4B-12. Installing Vanes and Inserts

PUMPS

3. Soak a new shaft wiper in hydraulic fluid and install the
wiper and seal in the body. Use the seal installation tool

shown in [Figure 4B-13]to prevent damaging the seal. Be
sure the seal O.D. is below the chamfer in the body.

e ko

-
l
1
|
I
]
I
L.

C
-8
LENGTH |[UNDERCUT 0.D. 1.D.
A B Cc D
P INCHES INCHES INCHES | INCHES
{mm) {mm) {mm) {mm)
Main winch
PR 3-3/4 7/16 2-7/32 1-29/32
(9.52) (1.11) (5.63) (4.84)
telescope
Boom hoist 3-1/4 1/4 1-25/32 1-11/16
and swing (8.25) (0.63) (4.52) (4.29)
The driver can be made from tubular stock machined to the
above dimensions.

Figure 4B-13. Shaft Seal Driver

4, Clamp the body in a vise or place it on blocks as at
disassembly. Install the washer against the seal.

5. Press the shaft into the bearing in an arbor press, while
supporting the inner race of the bearing. Install the small
snap ring. Tape the shaft splines and cover the tape with
grease or petroleum jelly to protect the seal when the shaft
is installed. Tap the shaft and bearing gently into the body
and install the large snap ring.

These are /eft hand rotation pumps. Check the rota-
tion of the cartridge before installing it in the pump.
The direction of rotation arrow should point in a
counterclockwise direction when the cartridge is
viewed from the shaft end.

6. Install the O-ring and back-up ring on the pressure plate
hub. Lay the body O-ring in the body groove, and install
the large back-up ring and O-ring on the cartridge. Carefully
install the cartridge in the body so one of the chamfers on
the cam ring will align with the inlet port when the inlet
housing is installed.
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7. Place the inlet housing over the cartridge so the locating
pins are properly engaged, and the inlet housing is in the
correct position with respect to the body outlet. Install the
four screws end torque them to the values shown in Figure
4B-5.

8. Install the cover end cartridge, being certain the pins
engage the housing and that cartridge rotation is correct.
Place the large back-up ring and O-ring on the pressure
plate.

9. Install the small O-ring and back-up ring on the pressure
plate hub. Install the cover O-ring in its groove. Install the
cover and screws, and tighten the screws to the torque
values shown in Figure 4B-5.

INSTALLATION

Care must be exercised when installing a new or overhauled
pump on the pump drive to prevent misaligment, which
can lead to premature pump failure. Install a new or over-
hauled pump on the pump drive as follows:

1. Check the mounting flange on the pump drive, the pilot
diameter on the pump, the splined coupling, and the
splined driveshaft for burrs or imperfections that would
prevent the pump from seating properly on the pump drive.
Carefully remove any imperfections by lapping.

INLET COVER

RING

WEAR PLATE
VANE
INSERT

SUB-SECTION 4B

2. Apply a light coating of grease to the pilot diameter end
driveshaft splines. Position the gasket on the pump.

3. Carefully install the pump on the pump drive, and install
the mounting screws. Care should be exercised in tightening
the mounting screws to prevent misalignment.

4. Reconnect the suction and outlet lines. Then turn the
suction line valve to the open position.

5. Engage the pump drive and start the engine. Allow the
engine to run at idle speed, with no load applied to the
hydraulic system to prime the pump. Then run the engine
at moderate speed and load for a short period of time.
Check the reservoir oil level and add oil if required.

SINGLE PUMP (41Z57)
GENERAL

Single hydraulic pump 41257 is used to develop fluid flow
for the operation of the auxiliary winch.

The pump illustrated in[Figure 4B-14]is representative of the
single pump. The pump consists principally of an inlet
cover, outlet body, driveshaft and pumping cartridge. The
principal components of the cartridge are an elliptical cam
ring, a slotted rotor splined to the driveshaft, a pressure

plate, wear plate, and ten vanes and inserts fitted to the
rotor slots.

OUTLET BODY

PRESSURE PLATE

SHAFT BEARING

SHAFT SEAL

DRIVE SHAFT

WIPER

Figure 4B-14. Single Pump (41Z57)
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PRINCIPLES OF OPERATION

Fluid enters the pumping cartridge through the inlet port
and is discharged through the pressure plate to the outlet
port. The action of the pump cartridge is illustrated in

The rotor is driven within the cam ring by the driveshaft,
which is coupled to the pump drive. As the rotor turns,
centrifugal force on the vanes, aided by under-vane pressure
fed from the outlet port, causes them to follow the ellip-
tical inner surface of the cam ring.

Radial movement of the vanes and turning of the rotor
cause the chamber volume between the vanes to increase as
the vanes pass the inlet section of the cam ring. This results
in a low pressure condition which allows atmospheric pres-
sure to force fluid into the chambers.

This fluid is trapped between the vanes and carried past a
sealing land to the outlet section of the cam ring. As the
outlet section is approached, the chamber volume decreases
and the fluid is forced out into the system.

ROTATION/

INSERT

ROTOR

PUMPS

The intra-vane design provides a means of controlling the
outward thrust of the vane against the cam ring to maintain
the tip loads within reasonable limits. In the intra-vane car-
tridge, full system pressure is continuously applied for out-
ward vane thrust only over the area between the vane and
insert. This area is small and thrust is correspondingly light.
During vane travel through pressure areas, full system pres-
sure is also applied against the bottom of the vane. The
valving of pressure to and from the bottom area of the vane
is through holes drilled in the rotor, as shown in Figure
4B-16. This selective application of pressure maintains the
vane in constant radial hydraulic balance in all positions.

The cam ring is shaped so that the two pumping chambers
are formed 180 degrees apart (se€_Figure 4B-15). Thus,
opposing hydraulic forces which would impose side loads
on the driveshaft cancel each other out.

The pressure plate seals the pump chamber as shown in
Figure 4B-17. System pressure is effective against the area
at the back of the plate, which is larger than the area ex-
posed to the pumping cartridge. Thus, an unbalanced force
holds the plate against the cartridge, sealing the cartridge
and providing the proper running clearance for the rotor
and vanes. The pressure plate also contains passages for
feeding pressure to the space between the vanes and inserts.

OUTLET

ROTATION

INLET
-

Figure 4B-15. Pump Cartridge Operation
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PRESSURE TO

BOTTOM OF VANE

/PR ESSURE TO INSERT

SUB-SECTION 4B

) DIRECTION

OF ROTATION

SHARPER EDGES  RING
LEAD DIRECTION
OF ROTATION

Figure 4B-16. Pressure Feed to Vanes

REMOVAL

To remove a pump from the pump drive, proceed as fol-
lows:

1. Turn the suction line valve to the dosed position.

2. Disconnect the suction and outlet lines from the pump.
Cap the lines and plug the pump ports to prevent the entry
of foreign material into the pump or hydraulic system.

3. Block the pump in position against the pump drive so
that it will not drop when the capscrews are removed. Re-
move the two capscrews securing the pump to the pump
drive. Slide the pump back from the pump drive until the
driveshatft is clear of the pump drive, and remove the pump
to a suitable repair area.

CARTRIDGE REPLACEMENT

GENERAL. Preassembled replacement cartridges are avail-
able for rapid field overhaul of these pumps. If a replace-
ment cartridge is being used, proceed as described below for
disassembly and reassembly.

4B-10

[Eigure 4B-18 shows the proper relationship of the parts for
disassembly and reassembly. During disassembly, pay par-
ticular attention to identification of the parts for correct

reassembly.

VANE

PRESSURE
PLATE

BODY

BODY PRESSURE
FEED UNDER VANES

Figure 4B-17. Pressure Plate Operation
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WASHER
SHAFT
BACK-UP
RING BEARING
0" RING LOCK
ZG K
//
[ SNAP
| RING
\ -
AN —_ — -
IN
COVER P

SCREW

COVER BOLY TORQUE

90 ! 5 ft-lb.
(12.4 * 0.7 m-kg)

PUMPS

800Y

WIPER
SEAL

0" RING
BACK-UP
RING

PRESSURE
PLATE

INSERT

- . ﬁ

C_;_S

ASSEMBLY VIEW

Figure 4B-18. Exploded View of Single Pump

DISASSEMBLY. Disassemble the pump, to replace the
pumping cartridge, as follows:

1. Support the pump on blocks or clamp the body in a vise.
If a vise is used, use protective jaws to avoid damage to the
body and its machined surfaces.

2. Mark the body and cover for correct reassembly. Re-
move the four cover screws and lift the cover oft the pump.
Remove the cover O-ring Pull and/or pry out the cartridge.

REASSEMBLY. Reassemble the pump, with a preassem-
bled pumping cartridge, as follows:

1. Clamp the body in a vise or place it on blocks as at

disassembly.

This is a right hand rotation pump. Check the rota-
tion of the new cartridge before installing it in the
pump. The direction of rotation arrow should point
in a clockwise direction when the cartridge is viewed
from the shaft end.
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2. Install the O-ring and back-up ring on the pressure plate
hub. Lay the body O-ring in the body groove, and install
the large back-up ring and O-ring on the cartridge. Carefully
install the cartridge in the body so one of the chamfers on
the cam ring will align with the inlet port when the cover is
installed.

3. Install the cover and screws. Tighten the screws to 90
5 foot-pounds (12.4 + 0.7 m-kg).

OVERHAUL

DISASSEMBLY. Use the following procedure in conjunc-
tion with [Fiaure 4B-18 |to completely disassemble the
pump:

1. Support the pump on blocks or clamp the body in a vise.
If a vise is used, use protective jaws to avoid damage to the
body and its machined surfaces.

2. Mark the body and cover for correct reassembly. Re-
move the four cover screws and lift the cover off the pump.
Remove the cover O-ring. Pull and/or pry out the cartridge,

3. Remove the large snap ring and pull the driveshaft and
bearing from the body. Drive the shaft seal and wiper out
from the shaft end of the body. If it is necessary to remove
the shaft bearing, first remove the small snap ring. Then
press the shaft out of the bearing, while supporting the
bearing inner race.

4. Remove the O-rings and back-up rings from the pressure
plate. Remove the fillister head screws and lift off the wear
plate. Note the position of the cam ring, rotor, and vanes to
assure correct reassembly. Separate the cam ring, rotor,
vanes, locating pins, and pressure plate.

INSPECTION AND REPAIR. Inspect and repair the fol-
lowing items:

1. Discard the shaft seal and all O-rings and back-up rings.
Use a new gasket kit for reassembly. Wash the metal parts
in clean mineral solvent, blow them dry with filtered, de-
hydrated air, and place them on a clean surface for inspec-
tion.

2. Check the wearing surfaces of the cartridge parts for
scoring and excessive wear. Remove light score marks by
lapping. Lubriting, Moly-Koteing or equivalent is desirable
after lapping to prevent seizure during start-up. Replace any
heavily scored or badly worn parts.

3. Inspect the vanes and inserts for burrs, wear, and exces-
sive play in the rotor slots. Replace the rotor if the slots are
worn,

4B-12

SUB-SECTION 4B

4. Rotate the bearing while applying pressure to check for

‘wear, looseness and pitted or cracked races.

5. Inspect the seal and bushing mating surfaces on the shaft
for scoring or wear, Replace the shaft if marks cannot be
removed by light polishing.

REASSEMBLY. Use the following procedure to reassemble
the pump:

NOTE

Coat all parts except seals and back-up rings with
clean hydraulic fluid to facilitate reassembly, and to
provide initial lubrication. Use small amounts of
petroleum jelly to hold the O-rings in place during
reassembly.

1. Place the pressure plate on blocks as shown in Figure
4B-19, Place the rotor on the pressure plate with the arrow
pointed in the correct direction for right hand rotation,
Install the locating pins.

NOTE

The direction of rotation is as viewed from the shaft
end. Right hand rotation is clockwise.

CHECK DIRECTION
OF ROTATION :
FACING SHAFT END

Figure 4B-19. Installing Rotor

2. Position the cam ring over the pins and rotor, again
observing the rotation arrow (see[Figure 48-20). Place the
inserts in the vanes and install both in the rotor slots. Be
sure the sharp edges are toward the direction of rotation,
and that both vanes and inserts move freely in the slots (see

Eigure 4B-21)] Install the wear plate and screws.

3. Soak a new shaft wiper in hydraulic fluid and install the
wiper and seal in the body. Use the seal installation tool

shown in [Figure 4B-2Z Jto prevent damaging the seal. Be
sure the seal 0.D. is below the chamfer in the body.

4. Clamp the body in a vise or place it on blocks as at
disassembly. Install the washer against the seal.
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CHECK DIRECTION
2 OF ROTATION
| FACING SHAFT END

TRAILS
DIRECTION OF L

Figure 4B-21. Install Vanes and Inserts

5. Press the shaft into the bearing in an arbor press, while
supporting the inner race of the bearing. Install the small
snap ring. Tape the shaft splines and cover the tape with
grease or petroleum jelly to protect the seal when the shaft
is installed. Tap the shaft and bearing gently into the body
and install the large snap ring.

CAUTION 4§

AN

This is a right hand rotation pump. Check the rota-
tion of the cartridge before installing it in the pump.
The direction of rotation arrow should point in a
clockwise direction when the cartridge is viewed from
the shaft end.

6. Install the O-ring and back-up ring on the pressure plate
hub. Lay the body O-ring in the body groove, and install
the large back-up ring and O-ring on the cartridge. Carefully
install the cartridge in the body so one of the chamfers on
the cam ring will align with the inlet port when the cover is
installed.

PUMPS
3-1/4"
(8.25 mm)
r
| 1-11/16" 1-25/32"
| (4.29 mm) /| (4.562 mm)
L.
1/4" I
(0.63 mm)

The driver can be made from tubular stock machined to the
above dimensions,

Figure 4B-22. Shaft Seal Driver

7. Install the cover and screws. Tighten the screws to 90 +
5 foot-pounds (12.4 £ 0.7 m-kg).

INSTALLATION

Care must be exercised when installing a new or overhauled
pump on the pump drive to prevent misalignment, which
can lead to premature pump failure. Install a new or over-
hauled pump on the pump drive as follows:

1. Check the mounting flange on the pump drive, the pilot
diameter on the pump, the splined coupling, and the
splined driveshaft for burrs or .imperfections that would
prevent the pump from seating properly on the pump drive.
Carefully remove any imperfections by lapping.

2. Apply a light coating of grease to the pilot diameter and
driveshaft splines. Position the gasket on the pump.

3. Carefully install the pump on the pump drive, and install
the mounting screws. Care should be exercised in tightening
the mounting screws to prevent misalignment.

4. Reconnect the suction and outlet lines. Then turn the
suction line valve to the open position.

5. Engage the pump drive and start the engine. Allow the
engine to run at idle speed, with no load applied to the
hydraulic system, to prime the pump. Then run the engine
at moderate speed and load for a short period of time.
Check the reservoir oil level and add oil if required.
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DUAL PUMPS (417102 & 417103)

GENERAL

Dual hydraulic pumps 417102 is used to develop fluid flow
for the operation of the main winch and boom telescope
circuits, while dual pump 41Z103 provides flow for the
operation of the swing and boom hoist circuits.

OUTLET COVER
<>

PRESSURE PLATE__

RING—

VANE

INTRA-VANE
ROTOR

WEAR PLATES

SUB-SECTION 4B

The pump illustration in figure 4B 23 is representative of the
dual pumps. The pump consists principally of an outlet
body, inlet housing, outlet cover, driveshaft and two
pumping cartridges. The principal components of each car-
tridge are an elliptical cam ring, a slotted rotor splined to the
driveshaft, a pressure plate, wear plate, and ten vanes fitted
to the rotor dots.

NLET HOUSING

= OUTLET BODY
S &) NG
= PRESSURE PLATE

VANE

0

INTRA-VANE

ROTOR

Figure 4B-23. Dual Pumps (412102 and 41Z103)
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PRINCIPLES OF OPERATION

Fluid enters the pumping cartridge through the inlet port
and is discharged through the pressure plates to the outlet
ports. The action of the pumping cartridge is illustrated in
Figure 4B-24.

The rotor is driven within the cam ring by the driveshaft,
which is coupled to the pump drive. As the rotor turns,
centrifugal force on the vanes, aided by under-vane pressure
fed from the outlet port, causes them to follow the ellip-
tical inner surface of the cam ring.

Radial movement of the vanes and turning of the rotor
cause the chamber volume between the vanes to increase as
the vanes pass the inlet section of the cam ring. This results
in a low pressure condition which allows atmospheric pres-
sure to force fluid into the chambers.

This fluid is trapped between the vanes and carried past a
sealing land to the outlet section of the cam ring. As the
outlet section is approached, the chamber volume decreases
and the fluid is forced out into the system.

The intra-vane design provides a means of controlling the
outward thrust of the vane against the cam ring to maintain

CAM RING

ROTOR

DRIVE SHAFT

PUMPS

the tip loads within reasonable limits. In the intra-vane, car-
tridge, full system pressure is continuously applied for out-
ward, vane thrust only over the area between the vane and
insert. This area is small and thrust is correspondingly light.
During vane travel through pressure areas, full system pres-
sure is also applied against the bottom of the vane. The
valving of pressure to and from the bottom area of the vane
is through holes drilled in the rotor, as shown in Figure
4B-25. This selective application of pressure maintains the
vane in constant radial hydraulic balance in all positions.

The cam ring is shaped so that the two pumping chambers
are formed 180 degrees apart (sed Eigure 4B-24). Thus,
opposing hydraulic forces which would impose side loads
on the driveshaft cancel each other out.

The pressure plate seals the pump chamber as shown in
Figure 4B-26. System pressure is effective against the area
at the back of the plate, which is larger than the area ex-
posed to the pumping cartridge. Thus, an unbalanced force
holds the plate against the cartridge, sealing the cartridge
and providing the proper running clearance for the rotor
and vanes. The pressure plate also contains passages for
feeding pressure to the space between the vanes and inserts.

\ ROTATION

INLET

Figure 4B-24. Pump Cartridge Operation
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PRESSURE TO

80TTOM OF VANE

/PRESSURE TO INSERT
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) DIRECTION

OF ROTATION

SHARPER EDGES  RING
LEAD DIRECTION
OF ROTATION

Figure 4B-25. Pressure Feed to Vanes

REMOVAL

To remove a pump from the pump drive, proceed as fol-
lows:

1. Turn the suction line valve to the closed position.

2. Disconnect the suction and outlet lines from the pump.
Cap the lines and plug the pump ports to prevent the entry
of foreign material into the pump or hydraulic system.

3. Block the pump in position against the pump drive so
that it will not drop when the capscrews are removed. Re-
move the two capscrews securing the pump to the pump
drive. Slide the pump back from the pump drive until the
driveshatft is clear of the pump drive and remove the pump
to a suitable repair area.

CARTRIDGE REPLACEMENT
GENERAL. Preassembled replacement cartridges are avail-
able for rapid field overhaul of these pumps. if a replace-

ment cartridge, is being used, proceed as described below for
disassembly and reassembly.
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[Eigure 4B-27] shows the proper relationship of the parts for
disassembly and reassembly. During disassembly, pay par-

ticular attention to identification of the parts for correct

reassembly.

e
//
VANE
PRESSURE FEED _
UNDER VANES ROTOR
COVER e o

T~ SHAFT

PRESSURE ___| WEAR
PLATE

PLATE
)

|

Figure 4B-26. Pressure Plate Operation
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TORQUE SPECIFICATIONS
FT.LBS. FT.LBS.
MP
(mkg) i (m-kg)
70:5 MAIN WINCH 266 £ 10
9681:07) | ANDBOOM | (356 1 1.4)
~ TELESCOPE
7015 B800M HOIST 9015
(968 :0.7) | ANDSWING | (12410.7)
INLET
BACK-UP RING BOLT HOUSING WEAR PLATE
BACK-UP RING
COVER \ORINGS JOANG | / ___.-- 1
' {COVER) [
d |
|
(“\ BUSHING :
PIN L
PRESSURE VANE ;‘5‘;‘; 8ODY
PLATE AND INSERT o WIPER
ROTOR -
T BACK-UP
e BACK-UP RING
- O-RING (BODY)  RING  O-RINGS BEARING
!
: RING
| ROTOR
i
I
|
L SHAFTY CAPSCREW
/’ SNAP RINGS
VANE PRESSURE PLATE
AND INSERT NOTE
A CARTRIDGE KIT CONSISTS OF A PRESSURE
PLATE, ROTOR, VANE KIT AND INSERTS, RING
WEAR PLATE, TWO PINS, AND TWO SCREWS.
Figure 4B-27. Exploded View of Dual Pump
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INDEX MARKS
FOR ASSEMBLY
REFERENCE

IF VISE
IS USED,
CLAMP HERE

Figure 4B-28. Beginning Disassembly

DISASSEMBLY. Disassemble the pump, to replace the
pumpjng cartridge, as follows:

1. Support the pump on blocks or clamp the body in a vise
as shown in [Eigire AB-28. If a vise is used, use protective
jaws to avoid damage to the body and its machined sur-
faces.

A S S AT T | b

INLET HOUSING—
TO-BODY

Figure 4B-29. Removing Pump Cover
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PRY WITH

SCREWDRIVER

IF NECESSARY
(BE SURE

TO STONE OFF
ANY BURRS
RAISED BY USING
SCREWDRIVER.)

T o,

1???;??

Figure 4B-30. Removing Cover End Cartridge

2. Mark the body, inlet housing and cover for correct re-
assembly. Remove the four cover screws and lift the cover
off the pump. Remove the cover O-ring (see
Pull and/or pry out the cover end cartridge as shown in

Figure 48-30

3. Next, remove the four screws attaching the inlet housing
to the body. Lift off the inlet housing (see [Eigire 4B-311
and remove the body O-ring. Turn the drive shaft to free
the cartridge and pull the cartridge from the body.

© A132

Figure 4B-31. Removing Inlet Housing
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REASSEMBLY. Reassemble the pump, with a preassem-
bled pumping cartridge, as follows:

1. Clamp the body in a vise or place it on blocks as at

disassembly.

These are right hand rotation pumps. Check the rota-
tion of the new cartridge before installing it in the
pump. The direction of rotation arrow should point
in a clockwise direction when the cartridge is viewed
from the shaft end.

2. Install the O-ring and back-up ring on the pressure plate
hub. Lay the body O-ring in the body groove, and install
the large back-up ring and O-ring on the cartridge. Carefully
install the cartridge in the body so one of the chamfers on
the cam ring will align with the inlet port when the inlet
housing is installed.

3. Place the inlet housing over the cartridge so the locating
pins are properly engaged and the inlet is in the correct
position with respect to the body outlet. Install the four
screws and torque them to the values shown in Figure
4B-27.

4. Install the cover end cartridge, being certain the pins
engage the inlet housing. Place the large back-up ring and
O-ring on the pressure plate.

5. Install the small O-ring and back-up ring on the pressure
plate hub. Install the cover O-ring in its groove. Install the
cover and screws. Tighten the screws to the torque values
shown in Figure 4B-27.

OVERHAUL

DISASSEMBLY. Use the following procedure in conjunc-
tion with |[Figure 4B-27 |to completely disassemble the

pump:

1. Support the pump on blocks or clamp the body. in a vise
as shown in Figure 4B-28. If a vise is used, use protective
jaws to avoid damage to the body and its machined sur-
faces.

2. Mark the body, inlet housing, and cover for correct re-
assembly. Remove the four cover screws and lift the cover

PUMPS

off the pump. Remove the cover O-ring (see[Eigure 4B-29).
Pull and/or pry out the cover end cartridge as shown in

[Eigure 4B-30]

3. Next, remove the four screws attaching the inlet housing
to the body. Lift off the inlet housing (see[Eigure 4B-31)
and remove the body O-ring. Turn the driveshaft to free the
cartridge and pull the cartridge from the body.

4. Remove the large snap ring and pull the driveshaft and
bearing from the body. Drive the shaft seal and wiper out
from the shaft end of the body. If it is necessary to remove
the shaft bearing, first remove the small snap ring. Then
press the shaft out of the bearing, while supporting the
bearing inner race.

5. Remove the O-rings and back-up rings from the pressure
plate. Remove the fillister head screws and lift off the wear
plate. Note the position of the cam ring, rotor, and vanes to
assure correct reassembly. Separate the cam ring, rotor,
vanes, locating pins, and pressure plate.

INSPECTION AND REPAIR. Inspect and repair the fol-
lowing items :

1. Discard the shaft seal and all O-rings and back-up rings.
Use a new gasket kit for reassembly. Wash the metal parts
in clean mineral solvent, blow them dry with filtered, de-
hydrated air, and place them on a clean surface for inspec-
tion.

2. Check the wearing surfaces of the cartridge parts for
scoring and excessive wear. Remove light score marks by
lapping. Lubriting, Moly-Koteing or equivalent is desirable
after lapping to prevent seizure during start-up. Replace any
heavily scored or badly worn parts.

3. Inspect the vanes and inserts for burrs, wear, and exces-
sive play in the rotor slots. Replace the rotor if the slots are
worn.

4. Rotate the bearing while applying pressure to check for
wear, looseness and pitted or cracked races.

5. Inspect the seal and bushing mating surfaces on the shaft
for scoring or wear. Replace the shaft if marks cannot be
removed by light polishing.
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REASSEMBLY. Use the following procedure to reassemble
the pump:

NOTE

Coat all parts except seals and back-up rings with
clean hydraulic fluid to facilitate reassembly, and to
provide initial lubrication. Use small amounts of
petroleum jelly to hold the O-rings in place during
reassembly.

1. Place the pressure plate on blocks as shown in Figure
4B-32. Place the rotor on the pressure plate with the arrow
pointed in the correct direction for right hand rotation.
Install the locating pins.

NOTE

The direction of rotation is as viewed from the shaft
end. Right hand rotation is clockwise.

CHECK DIRECTION
OF ROTATION
{FACING SHAFT END

Figure 4B-32. Installing Rotor

2. Position the cam ring over the pins and rotor, again ob-
serving the rotation arrow (see Place the
inserts in the vanes and install both in the rotor slots, Be
sure the sharp edges are toward the direction of rotation,
and that both vanes and inserts move freely in the slots (see
[Eigure 4B-34). Install the wear plate and screws.

FACING SHAFT END

- Figure 4B-33. lnsta_lling Ring
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Figure 4B-34. Installing Vanes and Inserts

3. Soak a new shaft wiper in hydraulic fluid and install the
wiper and seal in the body. Use the seal installation tool
shown in [Figure 4B-35|to prevent damaging the seal. Be
sure the seal O.D. is below the chamfer in the body.

| - A : |

c

| -8

LENGTLI UNDERCUT 0.D. 1.D.
A B Cc D
S INCHES INCHES INCHES | INCHES
{mm) {mm) {mm) (mm)
::d'" winch | 33/4 716 27/32 | 1:29/32
(9.52) (1.11) (5.63) (4.84)
telescope
Boom hoist 3-1/4 1/4 1-25/32 1-11/16
and swing (8.25) (0.63) (4.52) (4.29)
The driver can be made from tubular stock machined to the
above dimensions.

Figure 4B-35. Shaft Seal Driver

4. Clamp the body in a vise or place it on blocks as at
disassembly. Install the washer against the seal.

5. Press the shaft into the bearing in an arbor press, while
supporting the inner race of the bearing. Install the small
snap ring. Tape the shaft splines and cover the tape with
grease or petroleum jelly to protect the seal when the shaft
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is installed. Tap the shaft and bearing gently into the body
and install the large snap ring.

These are right hand rotation pumps. Check the rota-
tion of the cartridge before installing it in the pump.
The direction of rotation arrow should point in a
clockwise direction when the cartridge is viewed from
the shaft end.

6. Install the O-ring and back-up ring on the pressure plate
hub. Lay the body O-ring in the body groove, and install
the large back-up ring and O-ring on the cartridge. Carefully
install the cartridge in the body so one of the chamfers on
the cam ring will align with the inlet port when the inlet
housing is installed.

7. Place the inlet housing over the cartridge so the locating
pins are properly engaged and the inlet housing is in the
correct position with respect to the body outlet. Install the
four screws and torque them to the values shown in Figure
4B-27.

8. Install the cover end cartridge, being certain the pins
engage the housing and that cartridge rotation is correct.
Place the large back-up ring and O-ring on the pressure
plate.

9. Install the small O-ring and back-up ring on the pressure
plate hub. Install the cover O-ring in its groove. Install the
cover and screws, and tighten the screws to the torque
values shown in Figure 4B-27.

INSTALLATION

Care must be exercised when installing a new or overhauled
pump on the pump drive to prevent misalignment, which
can lead to premature pump failure. Install a new or over-
hauled pump on the pump drive as follows:

1. Check the mounting flange on the pump drive, the pilot
diameter on the pump, the splined coupling, and the
splined driveshaft for burrs or imperfections that would
Prevent the pump from seating properly on the pump drive.
Carefully remove any imperfections by lapping.

2. Apply a light coating of grease to the pilot diameter and
drivesheft splines. Position the gasket on the pump.

PUMPS

3. Carefully install the pump on the pump drive, and install
the mounting screws. Care should be exercised in tightening
the mounting screws to prevent misalignment.

4. Reconnect the suction and outlet lines. Then turn the
suction line valve to the open position.

5. Engage the pump drive and start the engine. Allow the
engine to run at idle speed, with no load applied to the
hydraulic system to prime the pump. Then run the engine
at moderate speed and load for a short period of time.
Check the reservoir oil level and add oil if required.

SINGLE PUMP (41Z104)

GENERAL

Single hydraulic pump 417104 is used to develop fluid flow
for the operation of the auxiliary winch.

The pump illustrated in[Eigure 4B-36lis representative of the
single pump. The pump consists principally of an inlet
cover, outlet body, driveshaft and pumping cartridge. The
principal components of the cartridge are en elliptical cam
ring, a slotted rotor splined to the driveshaft, a pressure
plate, wear plate, and ten vanes and inserts fitted to the
rotor slots.

PRINCIPLES OF OPERATION

Fluid enters the pumping cartridge through the inlet port
end is discharged through the pressure plate to the outlet
port. The action of the pump cartridge is illustrated in
Figure 4B-37.

The rotor is driven within the cam ring by the driveshaft,
which is coupled to the pump drive. As the rotor turns,
centrifugal force on the vanes, aided by under-vane pressure
fed from the outlet port, causes them to follow the ellip-
tical inner surface of the cam ring.

Radial movement of the vanes and turning of the rotor
cause the chamber volume between the vanes to increase as
the vanes pass the inlet section of the cam ring. This results
in a low pressure condition which allows atmospheric pres-
sure to force fluid into the chambers.
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INLET COVER

OUTLET 80DY

RING
WEAR PLATE _
VANE PRESSURE PLATE

INSERT
i ' SHAFT BEARING
ROTOR - .
SHAFT SEAL
DRIVE SHAFT
WIPER
Figure 4B-36. Single Pump (41Z57)
This fluid is trapped between the vanes and carried pest a outlet section is approached, the chamber volume decreases
sealing land to the outlet section of the cam ring. As the and the fluid is forced out into the system.

INLET  RING ROTATION

ROTATION /

INSERT

ROTOR

-
4= INLET

INLET VANE

Figure 4B-37. Pump Cartridge Operation
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e

PRESSURE TO

BOTTOM OF VANE

PRESSURE TO INSERT

PUMPS

VANL

DIRECTION
OF ROTATION

SHARPER EDGES  RING
LEAD DIRECTION
OF ROTATION

Figure 4B-38. Pressure Feed to Vanes

The intra-vane design provides a means of controlling the
outward thrust of the vane against the cam ring to maintain
the tip loads within reasonable limits. In the intra-vane car-
tridge, full system pressure is continuously applied for out-
ward vane thrust only over the area between the vane and
insert. This area is smell and thrust is correspondingly light.
During vane travel through pressure areas, full system pres-
sure is also applied against the bottom of the vane. The
valving of pressure to and from the bottom area of the vane
is through holes drilled in the rotor, as shown in Figure
4B-38. This selective application of pressure maintains the
vane in constant radial hydraulic balance in all positions.

The cam ring is shaped so that the two pumping chambers

are formed 180 degrees apart (sed_Figure 4B-27). Thus,

opposing hydraulic forces which would impose side loads
on the driveshaft cancel each other out.

The pressure plate seals the pump chamber as shown in
Figure 4B-39. System pressure is effective against the area
at the back of the plate, which is larger then the area ex-
posed to the pumping cartridge. Thus, an unbalanced force
holds the plate against the cartridge, sealing the cartridge
and providing the proper running clearance for the rotor
and vanes. The pressure plate also contains passages for
feeding pressure to the space between the vanes and inserts.

REMOVAL

To remove a pump from the pump drive, proceed as fol-
lows:

1. Turn the suction line valve to the closed position.

2. Disconnect the suction and outlet lines from the pump.
Cap the lines and plug the pump ports to prevent the entry
of foreign material into the pump or hydraulic system.

3. Block the pump in position against the pump drive so
that it will not drop when the capscrews are removed.
Remove the two capscrews securing the pump to the pump
drive. Slide the pump beck from the pump drive until the
driveshetft is clear of the pump drive, and remove the pump
to a suitable repair area.

VANE

PRESSURE
PLATE

BODY

B00OY PRESSURE
FEED UNDER VANES

Figure 4B-39. Pressure Plate Operation
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CARTRIDGE REPLACEMENT

GENERAL. Preassembled replacement cartridges are avail-
able for rapid field overhaul of these pumps. If a replace-
ment cartridge is being used, proceed as described below for

disassembly and reassembly.

Figure 4B-40|shows the proper relationship of the parts for
disassembly and reassembly. During disassembly, pay par-
ticular attention to identification of the parts for correct

reassembly.

SUB-SECTION 4B

DISASSEMBLY. Disassemble the pump to replace the
pumping cartridge, as follows:

1. Support the pump on blocks or clamp the body in a vise
If a vise is used, use protective to avoid damage to the

body and its machined surfaces.

2. Mark the body and cover for correct reassembly. Re-
move the four cover screws and lift the cover off the pump.
Remove the cover O-ring. Pull and/or pry out the cartridge.

BODY
WASHER WIPER
SHAFT SEAL
B JP BEARING
0" R LOCK
0" RING LOCK
SCREW
/
/ SNAP
: RING —— - \\
a— /
\ e — —_ T2t
N - ROTOR 0" RING |
wear RING VANE W,
COVER PIN
X Q
“0" RING
P BACK-UP
PLATE.  RING

SCREW

COVER BOLT TORQUE
90 £ 5 ftb.
(124 £ 0.7 m-kg)
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Figure 4B-40. Exploded View of Single Pump
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REASSEMBLY. Reassemble the pump, with a pre-
assembled pumping cartridge, as follows:

1. Clamp the body in a vise or place it on blocks as at
disassembly.

M

t CAUTION

P

This is a /eft hand rotation pump. Check the rotation
of the new cartridge before installing it in the pump.
The direction of rotation arrow should point in a
counterclockwise direction when the cartridge is
viewed from the shaft end.

2. Install the O-ring and back-up ring on the pressure plate
hub. Lay the body O-ring in the body groove, and install
the large back-up ring and O-ring on the cartridge. Carefully
install the cartridge in the body so one of the chamfers on
the cam ring will align with the inlet port when the cover is
installed.

3. Install the cover and screws. Tighten the screws to 90
5 foot-pounds (17.4 £ 0.7 m-kg).

OVERHAUL

DISASSEMBLY. Use the following procedure in conjunc-
tion with [Figure 4B-40 Yo completely disassemble the pump:

1. Support the pump on blocks or clamp the body in a vise.
If a vise is used, use protective jaws to avoid damage to the
body and its machined surfaces.

2. Mark the body and cover for correct reassembly. Re-
move the four cover screws and lift the cover off the pump.
Remove the cover O-ring. Pull and/or pry out the cartridge.

3. Remove the large snap ring and pull the driveshaft and
bearing from the body. Drive the shaft seal and wiper out
from the shaft end of the body. If it is necessary to remove
the shaft bearing, first remove the small snap ring. Then
press the shaft out of the bearing, while subporting the
bearing inner race.

4. Remove the O-rings and back-up rings from the pressure
plate. Remove the fillister head screws and lift off the wear
plate. Note the position of the cam ring, rotor, and vanes to
assure correct reassembly. Separate the cam ring, rotor,
vanes, locating pins, and pressure plate.

INSPECTION AND REPAIR. Inspect and repair the fol-
lowing items:

1. Discard the shaft seal and all O-rings and back-up rings.
Use a new gasket kit for reassembly. Wash the metal parts

PUMPS

in clean mineral solvent, blow them dry with filtered, de-

" hydrated air, and place them on a clean surface for inspec-

tion,

2. Check the wearing surfaces of the cartridge parts for
scoring and excessive wear. Remove light score marks by
lapping. Lubriting, Moly-Koteing or equivalent is desirable
after lapping to prevent seizure during start-up, Replace any
heavily scored or badly worn parts.

3. Inspect the vanes and inserts for burrs, wear, and exces-
sive play in the rotor slots, Replace the rotor if the slots are
worn,

4. Rotate the bearing while applying pressure to check for
wear, looseness and pitted or cracked races.

5. Inspect the seal and bushing mating surfaces on the shaft
for scoring or wear. Replace the shaft if marks cannot be
removed by light polishing.

REASSEMBLY. Use the following procedure to reassemble
the pump:

NOTE

Coat all parts except seals and back-up rings with
clean hydraulic fluid to facilitate reassembly, and to
provide initial lubrication. Use small amounts of
petroleum jelly to hold the O-rings in place during
reassembly.

1. Place the pressure plate on blocks as shown in Figure
4B-41. Place the rotor on the pressure plate with the arrow
pointed in the correct direction for right hand rotation.
Install the locating pins.

NOTE

The direction of rotation is as viewed from the shaft
end. Left hand rotation is counterclockwise.

o

hir

CHECK DIRECTION
OF ROTATION
lEACING SHAFT END

R

Figure 4B-41. Installing Rotor
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CHECK DIRECTION
OF ROTATION
FACING SHAFT END

Figure 4B-42, Installing Ring

2. Position the cam ring over the pins and rotor, again ob-
serving the rotation arrow (see [Eigure 4B-47]] Place the
inserts in the vanes and install both in the rotor slots. Be
sure the sharp edges are toward the direction of rotation,
and that both vanes and inserts move freely in the slots (see
Install the wear plate and screws,

3. Soak a new shaft wiper in hydraulic fluid and install the
wiper and seal in the body. Use the seal installation tool

shown in [Eigure 4R-44 }o prevent damaging the seal. Be

sure the seal 0.D. is below the chamfer in the body.

4. Clamp the body in a vise or place it on blocks as at
disassembly. Install the washer against the seal.

5. Press the shaft into the bearing in an arbor press, while
supporting the inner race of the bearing. Install the small
snap ring. Tape the shaft splines and cover the tape with
grease or petroleum jelly to protect the seal when the shaft
is installed. Tap the shaft and bearing gently into the body
and install the large snap ring.

vvvvv e

} CAUTION 1

P W

This is a /eft hand rotation pump. Check the rotation
of the cartridge before installing it in the pump. The
direction of rotation arrow should point in a counter-
‘clockwise direction when the cartridge is viewed from
the shaft end. i
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6. Install the O-ring and back-up ring on the pressure plate
hub. Lay the body O-ring in the body groove, and install
the large back-up ring and O-ring on the cartridge. Carefully
install the cartridge in the body so one of the chamfers on
the cam ring will align with the inlet port when the cover is
installed.

7. Install the cover and screws. Tighten the screws to 90
5 foot-pounds (12.4 £ 0.7 m-kg).

a 3-1/4"

(8.25 mm)

1.25/32"
(4.29 mm) /) (4.52 mm)

1-11/16"

o ——— ey

1/4" le—
(0.63 mm])

The driver can be made from tubular stock machined to the
above dimensions.

Figure 4B-44. Shaft Seal Driver

INSTALLATION

Care must be exercised when installing a new or overhauled
pump on the pump drive to prevent misalignment, which
can lead to premature pump failure, Install a new or over-
hauled pump on the pump drive as follows:

1. Check the mounting flange on the pump drive, the pilot
diameter on the pump, the splined coupling, and the
splined driveshaft for burrs or imperfections that would
prevent the pump from seating properly on the pump drive.
Carefully remove any imperfections by lapping.

2. Apply a light coating of grease to the pilot diameter and
driveshaft splines. Position the gasket on the pump.

3. Carefully install the pump on the pump drive, and install
the mounting screws. Care should be exercised in tightening
the mounting screws to prevent misalignment.

4. Reconnect the suction and outlet lines, Then turn the
suction line valve to the open position.

5. Engage the pump drive and start the engine. Allow the
engine to run at idle speed, with no load applied to the
hydraulic system, to prime the pump. Then run the engine
at moderate speed and load for a short period of time.
Check the reservoir oil level and add oil if required.
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SUB-SECTION 4C
ROTARY JOINTS

ROTARY JOINT (979J24)

GENERAL. The rotary joint is mounted on the center of
the upper, and is the means by which the hydraulic and
electrical circuits in the upper are connected to their re-
spective circuits in the carrier.

The hydraulic swivel consists of an outerbody fixed to the
deck of the revolving frame and an inner stem fixed to the
carrier deck. This arrangement allows the upper to rotate
on the carrier without breaking a hydraulic connection.

The electrical swivel consists of a set of fixed circular
conductors and a set of collectors that make contact with
the conductors. The conductors are connected to the inner
stem of the hydraulic swivel so that the conductors will
rotate with the hydraulic swivel whenever the upper is
rotated. This maintains a continuous electrical connection
between the upper and carrier, regardless of the position of
the upper.

REMOVAL. The rotary joint must be removed to perform
any repairs. Remove the rotary joint as follows (see Figure
4C-1):

1. Disconnect the wound cable from the battery.

2. Tag and disconnect the electrical wires in the junction
box at the top of the hydraulic swivel.

3. Disconnect and remove the throttle cable. Loosen the
setscrews in the collar at the bottom of the junction box,
and remove the junction box.

4. Tag and remove the hydraulic lines attached to the outer
body of the swivel.

5. Tag and remove the hoses attached to the O-ring elbow
fittings in the lower portion of the inner stem.

6. Working either up from below the carrier or down
through the opening in the revolving frame, remove the
O-ring elbow fittings from the lower portion of the inner
stem.

7. Remove the two capscrews which connect the collector
assembly to the bottom of the hydraulic swivel.

8. Remove the capscrews and lockwashers securing the
hydraulic swivel to the revolving frame deck. Then carefully

THROTTLE THROTTLE
UNK TOPS
1
\ | JUNCTION 8OX
i | COULAR
é! SNAP RING
i HYDRAULIC
SWIVEL
ASSEMBLY

CONTROL CABLE TO UPPER THROTTLE
|

ouTER |
B00Y
i —
iy REVOLVING
FRAME
J

ELECTRMCAL
SWIVEL
ASS Y \c CARRIER DECK
OLLECTOR
RING
<%
AN

CONTROL CABLE TO ENGINE GOVERNOR

Figure 4C-1. Rotary Joint (979J24)
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lift the hydraulic swivel straight up until it clears the stem
of the collector, and remove the hydraulic swivel to a suit-
able repair area.

OVERHAUL. Overhaul of the rotary joint consists only of
seal replacement. To replace the rotary joint seals, proceed

as follows (see[Figure 4C-T):

1. Remove the snap ring at the top of the hydraulic rotary
joint.

2. Carefully remove the outer body from the inner stem.

3. The outer body bore should be thoroughly washed with
a suitable cleaning solvent or diesel fuel, and inspected for
signs of scoring or deep scratches. If excessive scoring or
deep scratches are found, the entire rotary joint should be

replaced.

NOTE

Excessive scoring or deep scratches are usually caused
by foreign material in the hydraulic system. If these
defects are found, the hydraulic system should be
checked for foreign material.

4. The inner stem should be thorougly washed with a
suitable solvent or diesel fuel. The teflon seals should then
be inspected for deep scratches or severe damage.

NOTE

The teflon seals and the loading O-rings under the
seals should not be removed unless the seals show
signs of deep scratches or severe damage, since re-
moval of these seals will damage them beyond use.

In the event a seal must be replaced, use the following
procedure:

A. Generously lubricate the spool with clean hydraulic
oil.

B. Carefully install a new loading O-ring in the seal
groove.

C. Walk a new seal into place in the same manner the
bead of a tire is walked onto a wheel rim.

D. Knead the seal by hand to squeeze it into the seal
groove.

5. Generously lubricate the outer body bore and inner
stem with clean hydraulic oil.

6. Place the outer body in a vertical position with the bot-
tom of the body up. Insert the top of the inner stem into
the body bore, and while the stem is being lowered into the
body compress the teflon seals by hand as they enter the
bore.
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7. Turn the assembly over, and install the retaining snap
ring.

INSTALLATION. To install a rotary joint that has been
removed from the machine, proceed as follows:

1. Carefully install the hydraulic swivel over the collector
stem. Position the swivel so that port #4 on the Inner stem
is facing toward the front of the carrier. Then install the
capscrews which connect the collector assembly to the bot-
tom of the swivel.

2. Turn the outer body as required to position the swivel
with the ports facing the rear of the revolving frame. Install
the capscrews and lockwashers which secure the swivel to
the revolving frame deck.

3. Install the O-ring elbow fittings on the lower portion of
the inner stem.

4. Attach the hoses to the O-ring fittings on the lower
portion of the inner stem.

5. Reconnect the hydraulic lines to the outer body of the
swivel.

6. Install the junction box on the top of the swivel, and
tighten the setscrews in the collar at the bottom of the
junction box.

7. Reconnect the throttle cable and electrical wires.

9. Reconnect the ground cable to the battery. Then start
the engine and check for leakage while opearating all
machine functions.

ROTARY JOINT (979J30)

GENERAL. The rotary joint is mounted on the center of
the upper, and is the means by which the hydraulic and
electrical circuits in the upper are connected to their re-
spective circuit in the carrier.

The hydraulic swivel consists of an outer body fixed to the
deck of the revolving frame and an inner stem fixed to the
carrier deck. This arrangement allows the upper to rotate
on the carrier without breaking a hydraulic connection.

The electrical swivel consists of a set of fixed circular
conductors and a set of collectors that make contact with
the conductors. The conductors are connected to the inner
stem of the hydraulic swivel so that the conductors will
rotate with the hydraulic swivel whenever the upper is
rotated. This maintains a continuous electrical connection
between the upper and carrier, regardless of the position of
the upper.

REMOVAL. The rotary joint must be removed to perform
any repairs. Remove the rotary joint as follows (see Figure
4C-2):
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Figure 4C-2. Rotary Joint (979J30)

1. Disconnect the ground cable from the battery.

2. Tag and disconnect the electrical wires in the junction
box at the top of the hydraulic swivel.

3. Remove the upper snap ring on the air swivel, and
remove the outer body of the swivel. Remove the lower
snap ring and thrust washer.

4. Loosen the setscrews in the collar at the bottom of the
junction box, and remove the junction box.

5. Tag and remove the hydraulic lines attached to the outer
body of the swivel.

6. Tag and remove the hoses attached to the O-ring elbow
fittings in the lower portion of the inner stem.

7. Working either up from below the carrier or down
through the opening in the revolving frame, remove the
O-ring elbow fitting, from the lower portion of the inner
stem.

8. Remove the two capscrews which connect the collector
assembly to the bottom of the hydraulic swivel.

SUB-SECTION 4C

9. Remove the capscrews and lockwashers securing the
hydraulic swivel to the revolving frame deck. Then carefully
lift the hydraulic swivel straight up until it clears the stem
of the collector, and remove the hydraulic swivel to a suit-
able repair area.

OVERHAUL. Overhaul of the rotary joint consists only of
seal replacement. To replace the rotary joint seals, proceed

as follows (see[Figure 4C-2):

1. Remove the snap ring at the top of the hydraulic rotary
joint.

2. Carefully remove the outer body from the inner stem.

3. The outer body bore should be thoroughly washed with
a suitable cleaning solvent or diesel fuel, and inspected for
signs of scoring or deep scratches. If excessive scoring or
deep scratches are found, the entire rotary joint should be
replaced.

NOTE

Excessive scoring or deep scratches are usually caused
by foreign material in the hydraulic system. If these
defects are found the hydraulic system should be
checked for foreign material.

4. The inner stem should be thoroughly washed with a
suitable solvent or diesel fuel. The teflon seals should then
be inspected for deep scratches or severe damage.

NOTE

The teflon seals and the loading O-rings under the
seals should not be removed unless the seals show
signs of deep scratches or severe damage, since re-
movel of these seals will damage them beyond use.

In the event a seal must be replaced, use the following
procedure:

A. Generously lubricate the spool with clean hydraulic
oil.

B. Carefully install a new loading O-ring in the seal
groove.

C. Walk a new seal into place in the same manner the
bead of a tire is walked onto a wheel rim.

D. Knead the seal by hand to squeeze it into the seal
groove.

5. Generously lubricate the outer body bore and inner
stem with clean hydraulic oil.

6. Place the outer body in a vertical position with the bot-
tom of the body up. Insert the top of the inner stem into
the body bore, and while the stem is being lowered into the
body compress the teflon seals by hand as they enter the
bore.

4C-3
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7. Turn the assembly over, and install the retaining snap
ring.

INSTALLATION. To install a rotary joint that has been
removed from the machine, proceed as follows:

1. Carefully install the hydraulic swivel over the collector
stem. Position the swivel so that port #4 on the inner stem
is facing toward the front of the carrier. Then install the
capscrews which connect the collector assembly to the bot-
tom of the swivel.

2. Turn the outer body as required to position the swivel
with the ports facing the rear of the revolving frame. Install
the capscrews and lockwashers which secure the swivel to
the revolving frame deck.

3. Install the O-ring elbow fitting, on the lower portion of
the inner stem.

4C-4
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4. Attach the hoses to the O-ring fittings on the lower
portion of the inner stem.

5. Reconnect the hydraulic lines to the outer body of the
swivel.

6. Install the junction box on the top of the swivel, and
tighten the setscrews in the collar at the bottom of the
junction box.

7. Install the thrust washer and lower snap ring on the air
swivel stem. Lubricate the swivel bore, and carefully install

it on the stem. Be sure the ‘X" ring seals do not extrude or
twist when the outer body of the swivel is installed. Install
the upper snap ring.

8. Reconnect the electrical wires in the junction box.

9. Reconnect the ground cable to the battery. Then start
the engine and check for leakage while operating all
machine functions.
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CONTROL VALVE (362724)

DESCRIPTION

Control valve 362724 is used to control the operation of
the swing and auxiliary winch motors. This is a four-way,
spring centered directional control valve. The valve is a
balanced sliding spool type with open-center circuitry,
which allows free flow from inlet to outlet when the spool
is in the neutral position. The operation of the valve is
illustrated in Figure 4D-1.

A main relief valve is provided to limit circuit pressure to a
preset maximum. When the circuit is operating at less than
the relief valve setting, there is no flow over the by-pass
orifice of the relief valve, so full circuit pressure is sensed at
the spring end of the valve, as well as the opposite end. The
valve is thus hydraulically balanced end the large spring
holds it closed.

Maximum circuit pressure is determined by the small spring
inside the relief valve assembly. When circuit pressure is
high enough to overcome this small spring, the poppet
inside the assembly is forced off its seat. Fluid immediately
flows past the poppet to the tank passage. This flow creates
a pressure drop across the sensing orifice and the relief valve
is no longer hydraulically balanced. When this pressure
differential is great enough to overcome the large spring,
the valve shifts, permitting flow to the tank passage.

RELIEF VALVE ADJUSTMENT

The setting of the main relief valve is determined by a
spring installed in the relief valve at the factory, and no
provisions have been made to adjust this relief valve.

TROUBLESHOOTING
Table 4D-1 lists the difficulties which may be experienced
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Figure 4D-1. Control Valve Operation (362724) AD-1
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TABLE 4D-1

CONTROL VALVES

TROUBLE, CAUSE AND REMEDY CHART

TROUBLE

PROBABLE CAUSE

REMEDY

Oil leaks at either end of spool.

Defective O-rings in valve body.

Replace O-rings.

Spring-centered spools do not
return to neutral.

Broken springs.

Replace springs.

Foreign particles.

Clean system and valve.

Misalignment of operating linkage.

Check linkage for binding condition.

No motion, slow or jerky action of
hydraulic system.

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

Repair, clean and readjust.

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

Disassemble, clean and reassemble.

Spool not moved to full stroke.

Check travel.

No relief valve action (High
Pressure).

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

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

Load will not hold.

Oil by-passing between spool
and body.

Replace valve.

Oil by-passing piston in cylinder.

Repair or replace cylinder.

Spool not centered.

Refer to above spool remedies,

with the valve and hydraulic system. It indicates the cause
and remedy for each of the troubles listed. It should always
be remembered that pressure and delivery are factors which
are usually dependent upon each other. Adequate pressure
gauge equipment and a thorough understanding of the
operation of the complete hydraulic system are essential to
diagnosing improper valve operation.

OVERHAUL

GENERAL. Overhaul of this valve is limited to the replace-
ment of the relief valve assembly and seals. Replace the
complete valve when the required overhaul is beyond these
limitations.

During disassembly, particular attentions should be given to
identification and orientation of parts for reassembly. The
spool is selectively fitted to the valve body and must be
returned to the same body from which it was removed.

is an exploded view of the valve showing the
proper relationship of the parts for reassembly. Refer to
this figure while disassembling and reassembling the valve.

DISASSEMBLY. Disassemble the valve as follows:

1. Be sure the valve is not subjected to pressure. Discon-

4D-2

nect and cap all lines, and disconnect the linkage from the
spool. Remove the valve from the machine.

2. Remove the screws which secure the end cap, and
remove the end cap.

3. Slide the spool out of its bore from the end up, and
remove the O-rings from the spool bore.

4. Screw out the plug which retains the relief valve and
remove the O-ring from the plug. Remove the spring and
relief valve.

CLEANING, INSPECTION AND REPAIR. After the valve
has been disassembled, perform the following:

1. Discard all old O-rings. Wash all parts in a clean mineral
oil solvent and place them on a clean surface for inspection.

2. Carefully remove burrs by light stoning or lapping. Be
certain that there is no paint on the mating surfaces of the
valve body. Check all parts for wear. Replace if necessary.

3. Inspect the valve spool and bore for burrs and scoring. If
scoring is not deep enough to cause objectionable leakage,
the surfaces can be stoned or polished with crocus cloth. If
scoring is excessive the valve body and spool must be re-
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Figure 4D-2. Control Valve (362724)

placed. Check the valve spool for freedom of movement in
the bore.

4. Check the relief valve for smooth movement in its bore.
The valve should mow by its own weight.
ASSEMBLY. To assemble the valve, proceed as follows:

NOTE

Coat all parts with clean hydraulic oil to facilitate
reassembly and provide initial lubrication. Petroleum
jelly can be used to hold O-rings in place during reas-
sembly.

1. Install the O-ring on the relief valve plug. Install the
spring in the relief valve bore, then install the relief valve
on the spring. Install and tighten the relief valve plug.
Do not over-tighten the plug.

2. Install new O-rings at each end of the spool bore.
3. Install the flat retainer on the spool, if it was removed.
4. Install the spool in the bore from the end cap end.

5. Align the flat retainer by shifting the spool. Spool bind
is an indication of flat retainer misalignment. Install the end
cap and attaching screws. Tighten the screws to 8 to 10
foot-pounds (1.1 - 1.3 m-kg).

CONTROL VALVE (362725)

DESCRIPTION

Control valve 362725 is used to control the operation of
the boom telescope cylinders. This is a four-way, spring

centered directional control valve. The valve is a balanced
sliding spool type with open-center circuitry, which allows
free flow from inlet to outlet when the spool is in the
neutral position. The operation of the valve is illustrated in
Figure 4D-3.

A main relief valve is provided to limit circuit pressure to a
preset maximum. When the circuit is operating at less than
the relief valve setting, there is no flow over the by-pass
orifice of the relief valve, so full circuit pressure is sensed at
the spring end of the valve, as well as the opposite end. The
valve is thus hydraulically balanced end the large spring
holds it closed.

Maximum circuit pressure is determined by the small spring
inside the relief valve assembly. When circuit Pressure is
high enough to overcome this small spring. the poppet
inside the assembly is forced off its seat. Fluid immediately
flows past the poppet to the tank passage. This flow creates
a pressure drop across the sensing orifice and the relief valve
is no longer hydraulically balanced. When this pressure
differential is great enough to overcome the large spring,
the valve shifts, permitting flow to the tank passage.

RELIEF VALVE ADJUSTMENT

The setting of the main relief valve is determined by a
spring installed in the relief valve at the factory, and no
provisions have been made to adjust this relief valve.

TROUBLESHOOTING

lists the difficulties which may be experienced
with the valve and hydraulic system. It indicates the cause
and remedy for each of the troubles listed. It should always
be remembered that pressure and delivery are factors which

4D-3
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Figure 4D-3. Control Valve Operation (36Z725)

TABLE 4D-2

TROUBLE, CAUSE AND REMEDY CHART

TROUBLE

PROBABLE CAUSE

REMEDY

Oil leaks at either end of spool.

Defective O-rings in valve body.

Replace O-rings.

Spring-centered spools do not

Broken springs.

Replace springs.

return to neutral.

Foreign particles.

Clean system and valve.

Misalignment of operating linkage.

Check linkage for binding condition.

No motion, slow or jerky action of
hydraulic system.

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

Repair, clean and readjust.

Dirt or foreign particles lodged
between relief valve control pop
pet and seat.

Disassemble, clean and reassemble.

Spool not moved to full stroke.

Check travel.

No relief valve action (High
Pressure).

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

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

4D-4
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TABLE 4D-2
TROUBLE, CAUSE AND REMEDY CHART (CONTINUED)

TROUBLE

PROBABLE CAUSE

REMEDY

Load will not hold.
and body.

Oil by-passing between spool

Replace valve.

Oil by-passing piston in cylinder.

Repair or replace cylinder.

Spool not centered.

Refer to above spool remedies.

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

Dirt or foreign particles lodged
between check valve poppet and

Disassemble, clean and reassemble.

poppet.

Scored or sticking check valve

Replace poppet.

are usually dependent upon each other. Adequate pressure
gauge equipment and a thorough understanding of the
operation of the complete hydraulic system are essential to
diagnosing improper valve operation.

OVERHAUL

GENERAL. Overhaul of this valve is limited to the replace-
ment of the relief valve assembly and seals. Replace the
complete valve when the required overhaul is beyond these
limitations.

During disassembly, particular attention should be given to
identification and orientation of parts for reassembly. The
spool is selectively fitted to the valve body and must be
returned to the same body from which it was removed.

Figure 4D-4]is an exploded view of the valve showing the
proper relationship of the parts for reassembly. Refer to
this figure while disassembling and reassembling the valve.

DISASSEMBLY. Disassemble the valve as follows:

1. Be sure the valve is not subjected to pressure. Discon-
nect and cap all lines, and disconnect the linkage from the
spool. Remove the valve from the machine.

2. Remove the screws which the the end up, ad
remove the end cap.

3. Slide out of its bore from the end cap end, and
remove the O-ring from the spool bore.

4. Screw out the plug which retains the relief valve and
remove the O-ring from the plug. Remove the spring and
relief valve.

CLEANING, INSPECTION AND REPAIR. After the valve
has been disassembled, Perform the following:

1. Discard all the O-rings. Wash all parts in a clean mineral

oil solvent and place them on a clean surface for inspection.

2. Carefully remove burrs by light stoning or lapping. Be
certain that there is no paint on the mating surfaces of the
valve body. Check all parts for wear. Replace if necessary.

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

4. Check the relief valve for smooth movement in its bore.
The valve should mow by its own weight.

ASSEMBLY. To assemble the valve, proceed as follows:

NOTE

Coat all parts with clean hydraulic oil to facilitate
reassembly and provide initial lubrication. Petroleum
jelly can be used to hold O-rings in place during reas-
sembly.

1. Install the O-ring on the relief vavle plug. Install the
spring in the relief valve bore, then install the relief valve on
the spring. Install and tighten the relief valve plug. Do not
over-tighten the plug.

2. Install new O-rings at each end of the spool bore.
3. Install the flat retainer on the spool, if it was removed.
4. Install the spool in the bore from the end cap end.

5. Align the flat retainer by shifting the spool. Spool bind
is an indication of flat retainer misalignment. Install the end
cap and attaching screws. Tighten the screws to 8 to 10
foot-pounds (1.1 - 1.3 m-kg).

4D-5
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Figure 4D-4. Control Valve (362725)

CONTROL VALVE (362726) TROUBLESHOOTING

[Table 4D-3 lists the difficulties which may be experienced

DESCRIPTION

Control valve 362726 is used to control the operation of
the boom hoist cylinders. This is a four-way, spring
centered directional control valve. The valve is a balanced
sliding spool type with open-centered circuitry, which
allows free flow from inlet to outlet when the spool is in
the neutral position. The operation of the valve is illus-
tratad in Figure 4D-5.

A main relief valve is provided to limit circuit pressure to a
preset maximum. When the circuit is operating at less than
the relief valve setting, there is no flow over the by-pass
orifice of the relief valve, so full circuit pressure is sensed at
the spring end of the valve, as well as the opposite end. The
valve is thus hydraulically balanced and the large spring
holds it closed.

Maximum circuit pressure is determined by the small spring
inside the relief valve assembly. When circuit pressure is
high enough to overcome this small spring, the poppet
inside the assembly is forced off its seat. Fluid immediately
flows past the poppet to the tank passage. This flow creates
a pressure drop across the sensing orifice and the relief valve
is no longer hydraulically balanced. When this pressure
differential is great enough to overcome the large spring,
the valve shifts, permitting flow to the tank passage.

RELIEF VALVE ADJUSTMENT

The setting of the main relief valve is determined by a
spring installed in the relief valve at the factory, and no
provisions have been made to adjust this relief valve.

4D-6

with the valve and hydraulic system. It indicates the cause
and remedy for each of the troubles listed. It should always
be remembered that pressure and delivery are factors which
am usually dependent upon each other. Adequate pressure
gauge equipment and a thorough understanding of the
operation of the complete hydraulic system are essential to
diagnosing improper valve operation.

OVERHAUL

GENERAL. Overhaul of this valve is limited to the replace-
ment of the relief valve assembly and seals. Replace, the
complete valve when the required overhaul is beyond these
limitations.

During disassembly, particular attention should be given to
identification and orientation of parts for reassembly. The
spool is selectively fitted to the valve body and must be
returned to the same body from which it was removed.

Figure 4D-6|is an exploded view of the valve showing the
proper relationship of the parts for reassembly. Refer to
this figure while disassembling and reassembling the valve.

DISASSEMBLY. Disassemble the valve as follows:

1. Be sure the valve is not subjected to pressure. Discon-
nect and cap all lines, and disconnect the linkage from the
spool. Remove the valve from the machine.

2. Remove the screws which secure the end cap, and
remove the end cap.
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Figure 4D-5. Control Valve Operation (362726)

TABLE 4D-3
TROUBLE, CAUSE AND REMEDY CHART

TROUBLE

PROBABLE CAUSE REMEDY

Oil leaks at either end of spool.

Defective O-rings in valve body. Replace O-rings.

Spring-centered spools do not
return to neutral.

Broken springs. Replace springs.

Foreign particles. Clean system and valve.

Misalignment of operating linkage. Check linkage for binding condition.

No motion, slow or jerky action
of hydraulic system.

Relief valve not properly set, or Repair, clean and readjust.

stuck in base and/or worn.

Dirt or foreign particles lodged Disassemble, clean and reassemble.
between relief valve control pop-

pet and seat.

Spool not moved to full stroke. Check travel.
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CONTROL VALVES

TABLE 4D-3
TROUBLE, CAUSE AND REMEDY CHART (CONTINUED)

TROUBLE

PROBABLE CAUSE

REMEDY

No relief valve action (High

Pressure).
assembly.

Small particle of dirt plugging
orifice in relief valve sub-

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

Load will not hold.
and body.

Oil by-passing between spool

Replace valve.

Oil by-passing piston in cylinder.

Repair or replace cylinder.

Spool not centered.

Refer to above spool remedies.
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Figure 4D-6. Control Valve (36Z726)

3. Slide the spool out of its bore from the end cap end, and
remove the O-rings from the spool bore.

4. Screw out the plug which retains the relief valve and
remove the O-ring from the plug. Remove the spring and
relief valve.

CLEANING, INSPECTION AND REPAIR. After the valve
has been disassembled, perform the following:

1. Discard all old O-rings. Wash all parts in a clean mineral
oil solvent and place them on a clean surface for inspection.

2. Carefully remove burrs by light stoning or lapping. Be
certain that there is no paint on the mating surfaces of the
valve body. Check all parts for wear. Replace if necessary.

3. Inspect the valve spool and bore for burrs and scoring. If
scoring is not deep enough to cause objectionable leakage,
the surfaces can be stoned or polished with crocus cloth. If
scoring is excessive the valve body and spool must be re-

4D-8

placed. Check the valve spool for freedom of movement in
the bore.

4. Chock the relief valve for smooth movement in its bore.
The valve should move by its own weight.

ASSEMBLY. To assemble the valve, proceed as follows:

NOTE

Coat all parts with clean hydraulic oil to facilitate
reassembly and provide initial lubrication. Petroleum
jelly can be used to hold O-rings in place during reas-
sembly.
1. Install the O-ring on the relief valve plug. Install the
spring in the relief valve bore, then install the relief valve on
the spring. Install and tighten the relief valve plug. Do not
over-tighten the plug.

2. Install new O-rings at each end of the spool bore.
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3. Install the flat retainer on the spool, if it was removed.
4. Install the spool in the bore from the end cap end.

5. Align the flat retainer by shifting the spool. Spool bind
is an indication of flat retainer misalignment. Install the end
cap and attaching screws. Tighten the screws to 8 to 10
foot-pounds (1.1 - 13 m-kg).

CONTROL VALVE (362727)

DESCRIPTION

Control valve 362727 is used to control the operation of
the main winch motor. This is a four-way, spring centered
directional control valve. The valve is a balanced sliding
spool type with open-center circuitry, which allows free
flow from inlet to outlet when the spool is in the neutral
position. The operation of the valve is illustrated in Figure
4D-7.

A main relief valve is provided to limit circuit pressure to a
preset maximum. When the circuit is operating at less than

SUB-SECTION 4D

the relief valve setting, there is no flow over the by-pass
orifice of the relief valve, so full circuit pressure is sensed at
the spring end of the valve, as well as the opposite end. The
valve is thus hydraulically balanced and the large spring
holds it closed.

Maximum circuit pressure is determined by the small spring
inside the relief valve assembly. When circuit pressure is
high enough to overcome this small spring, the poppet
inside the assembly is forced off its seat. Fluid immediately
flows past the poppet to the tank passage. This flow creates
a pressure drop across the sensing orifice and the relief valve
is no longer hydraulically balanced. When this pressure
differential is great enough to overcome the large spring,
the valve shifts, permitting flow to the tank passage.

Anti-cavitation check valves are installed next to the work
ports to eliminate cavitation created in the system, and
operates as follows: When the circuit pressure is less than
tank pressure, a vacuum is created. The anti-cavitation
check valve equalizes the unbalanced pressure condition by
metering fluid from the tank passage back to the pressure

port.
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BY.PASS BLOCKED. BLOCKED. INLET

NEUTRAL

Figure 4D-7. Control Valve Operation (36Z2727)
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SUB-SECTION 4D

RELIEF VALVE ADJUSTMENT

The setting of the main relief valve is determined by a
spring installed in the relief valve at the factory, and no
provisions have been made to adjust this relief valve.

TROUBLESHOOTING

lists the difficulties which may be experienced
with the valve and hydraulic system. It indicates the cause
and remedy for each of the troubles listed. It should always
be remembered that pressure and delivery are factors which
are usually dependent upon each other. Adequate pressure
gauge equipment and a thorough understanding of the
operation of the complete hydraulic system are essential to
diagnosing improper valve operation.

OVERHAUL

GENERAL. Overhaul of this valve is limited to the replace-
ment of the relief valve assembly and seals. Replace the
complete valve when the required overhaul is beyond these
limitations.

CONTROL VALVES

During disassembly, particular attentions should be given to
identification and orientation of parts for reassembly. The
spool is selectively fitted to the valve body and must be
returned to the same body from which it was removed.

Figure 4D-8|is an exploded view of the valve showing the
proper relationship of the parts for reassembly. Refer to
this figure while disassembling and reassembling the valve.

DISASSEMBLY. Disassemble the valve as follows:

1. Be sure the valve is not subjected to pressure. Discon-
nect and cap all lines, and disconnect the linkage from the
spool. Remove the valve from the machine.

2. Remove the screws which secure the wiper retainer, and
remove the wiper retainer, wiper, retainer plate, and O-ring
from the valve body.

3. Remove the screws which secure the end cap, and
remove the end cap.

4. Slide the spool out of its bore from the end cap end, and
remove the O-ring from the spool bore.

TABLE 4D-4

TROUBLE, CAUSE AND REMEDY CHART

TROUBLE

PROBABLE CAUSE

REMEDY

Oil leaks at either end of spool.

Defective O-rings in valve body.

Replace O-rings.

Spring-centered spools do not
return to neutral.

Broken springs.

Replace springs.

Foreign particles.

Clean system and valve.

Misalignment of operating linkage.

Check linkage for binding condition.

No motion, slow or jerky action of
hydraulic system.

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

Repair, clean and readjust.

Dirt or foreign particles lodged
between relief valve control pop

pet and seat.

Disassemble, clean and reassemble.

Spool not moved to full stroke.

Check travel.

No relief valve action (High
Pressure).

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

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

Load will not hold.

Oil by-passing between spool
and body.

Replace valve.

Oil by-passing piston in cylinder.

Repair or replace cylinder.

Spool not centered.

Refer to above spool remedies.
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SUB-SECTION 4D
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Figure 4D-8. Control Valve (362727)

5. Screw out the plug which retains the relief valve, and
remove the O-ring and back up ring from the plug. Remove
the spring and poppet. Do not lose the pin in the relief
valve.

CLEANING, INSPECTION AND REPAIR. After the valve
has bean disassembled, perform the following:

1. Discard all old O-rings and back up rings. Wash all parts
in a clean mineral oil solvent and place them on a clean
surface for inspection.

2. Carefully remove burrs by light stoning of lapping. Be
certain that there is no paint on mating surfaces of valve
body. Check all parts for wear. Replace if necessary.

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

4. Check the relief valve for smooth movement in its bore.
This should move by its own weight.

ASSEMBLY. To assemble the valve proceed as follows:
NOTE

Coat all parts with clean hydraulic oil to facilitate
reassembly and provide initial lubrication. Petroleum
jelly can be used to hold the O-rings in place during
reassembly.

1. Install the O-ring and beck up ring on the. relief valve
plug, with the O-ring nearest the relief valve. Install the
relief valve in its bore, then install the spring on the relief
valve. Install and tighten the relief valve plug. Do not over-
tighten the plug.

2. Install new O-ring in each end of the spool bore.
3. Install the spool in the bore from the end cap end.

4. Install the end up end attaching screws. Tighten the
screws to 8 to 10 foot-pounds (1.1 - 1.3 m-kg).

5. Install the retainer plate, wiper, and wiper retainer over
the spool, and secure with screws.

CONTROL VALVE (362986)

DESCRIPTION

Control valve 367986 is used to control the operation of
the boom hoist cylinders. This is a four-way, spring cen-
tered directional control valve. The valve is a balanced
sliding spool type with open-center circuitry, which allows
free flow from inlet to outlet when, the spool is in the
neutral position. The operation of the valve is illustrated in
Figure 4D-9.

A main relief valve is provided to limit circuit pressure to a
preset maximum. When the circuit is operating at less then
the relief valve setting, there is no flow over the by-pass
orifice of the relief valve, so full circuit pressure is sensed at
the spring end of the valve, as well as the opposite end. The
valve is thus hydraulically balanced and the large spring
holds it closed.
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Figure 4D-9. Control Valve Operation (362986)

Maximum circuit pressure is determined by the small spring
inside the relief valve assembly. When circuit pressure is
high enough to overcome this small spring, the poppet
inside the assembly is forced off its seat. Fluid immediately
flaws past the poppet to the tank passage. This flow creates
a pressure drop across the sensing orifice end the relief valve
is no longer hydraulically balanced. When this pressure
differential is great enough to overcome the large spring,
the valve shifts, permitting flow to the tank passage.

RELIEF VALVE ADJUSTMENT

The setting of the main relief valve is determined by a
spring installed in the relief valve at the factory, and no
provisions have been made to adjust this relief valve.

TROUBLESHOOTING

lists the difficulties which may be experienced
with the valve and hydraulic system. It indicates the cause
and remedy for each of the troubles listed. It should always
be remembered that pressure and delivery are factors which
are usually dependent upon each other. Adequate pressure
gauge equipment and a thorough understanding of the

4D-12

operation of the complete hydraulic system are essential to
diagnosing improper valve operation.

OVERHAUL

GENERAL. Overhaul of this valve is limited to the replace-
ment of the relief valve assembly and seals. Replace the
complete valve when the required overhaul is beyond these
limitations.

During disassembly, particular attention should be given to
identification and orientation of parts for reassembly. The
spool is selectively fitted to the valve body and must be
returned to the same body from which it was removed.

[Eigure 4D-10 is en exploded view of the valve showing the
proper relationship of the parts for reassembly. Refer to
this figure while disassembling and reassembling the valve.

DISASSEMBLY. Disassemble the valve as follows:

1. Be sure the valve is not subjected to pressure. Discon-
nect and cap all lines, and diconnect the linkage from the
spool. Remove the valve from the machine.



CONTROL VALVES

TABLE 4D-5

SUB-SECTION 4D

TROUBLE, CAUSE AND REMEDY CHART

TROUBLE

PROBABLE CAUSE

REMEDY

Oil leaks at either end of spool.

Defective O-rings in valve body.

Replace O-rings.

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

Broken springs.

Replace springs.

Foreign particles.

Clean system and valve.

Misalignment of operating linkage.

Check linkage for binding condition.

No motion, slow or jerky action of
hydraulic system.

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

Repair, clean and readjust.

Dirt or foreign particles lodged
between relief valve control pop
pet and seat.

Disassemble, clean and reassemble.

Spool not moved to full stroke.

Check travel.

No relief valve action (High
Pressure).

Smell particle of dirt plugging
orifice in relief valve sub-
assembly.

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

Load will not hold.

Oil by-passing between spool
and body.

Replace valve.

Oil by-passing piston in cylinder.

Repair or replace cylinder.

Spool not centered.

Refer to above spool remedies.

Load drops when spool is moved

Dirt or foreign particles lodged
between check valve poppet and

Disassemble, clean and reassemble.

from neutral to a power position.
seat.

poppet.

Scored or sticking check valve

Replace poppet.

2. Remove the screws which secure the end cap, and
remove the end cap.

3. Slide the spool out of its bore from the end cap end, and
remove the O-ring from the spool bore.

4. Screw out the plug which retains the relief valve and
remove the O-ring from the plug. Remove the spring and
relief valve.

5. Remove the check valve plug, and remove the O-ring
from the plug, Remove the spring and poppet from the
valve body.

CLEANING, INSPECTION AND REPAIR. After the valve
has been disassembled, perform the following:

1. Discard all oil O-rings. Wash all parts in a clean mineral
oil solvent and place them on a clean surface for inspection.

2. Carefully remove burrs by light stoning or lapping. Be

certain that there is no paint on mating surfaces of valve
body. Check all parts for wear. Replace if necessary.

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

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

ASSEMBLY. To assemble the valve, proceed as follows:
NOTE

Coat all parts with clean hydraulic oil to facilitate
reassembly and provide initial lubrication. Petroleum
jelly can be used to hold O-rings in place during reas-

sembly.
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Figure 4D-10. Control Valve (36Z2986)

1. Install the O-ring on the relief valve plug. Install the
spring in the relief valve bore, then install the relief valve on
the spring. Install and tighten the relief valve plug. Do not
over-tighten the plug.

2. Install new O-rings at each end of the spool bore.
3. Install the flat retainer on the spool, if it was removed.
4. Install the spool in the bore from the end cap end.

5. Align the flat retainer by shifting the spool. Spool bind
IS an indication of flat retainer misalignment. Install the end
cap and attaching screws. Tighten the screws to 8 to 10
foot-pounds (1.1 - 1.3 m-kg).

6. Install a new O-ring on the check valve plug. Place the
poppet and spring in the valve body and install the plug.

CONTROL VALVE (36Q70)

DESCRIPTION

Control valve 36Q70 is used to control the operation of the
main winch motor. This is a four-way, spring centered
directional control valve. The valve is a balanced sliding
spool type with open-center circuitry, which allows free
flow from inlet to outlet when the spool is in the neutral
position. The operation of the valve is illustrated in Figure
4D-11.

A main relief valve is provided to limit circuit pressure to a
preset maximum. When the circuit is operating at less than
the relief valve setting, there is no flow over the by-pass

4D-14

orifice of the relief valve, so full circuit pressure is sensed at
the spring end of the valve, as welt as the opposite end. The
valve is thus hydraulically balanced and the large spring
holds it closed.

Maximum circuit pressure is determined by the small spring
inside the relief valve assembly. When circuit pressure is
high enough to overcome this small spring, the poppet
inside the assembly is forced off its seat. Fluid immediately
flows past the poppet to the tank passage. This flow creates
a pressure drop across the sensing orifice and the relief valve
is no longer hydraulically balanced. When this pressure
differential is great enough to overcome the large spring,
the valve shifts, permitting flow to the tank passage.

Anti-cavitation check valves are installed next to the work
ports to eliminate cavitation created in the system, and
operates as follows: When the circuit pressure is less than
tank pressure, a vacuum is created. The anti-cavitation
check valve equalizes the unbalanced pressure condition by
metering fluid from the tank passage back to the pressure

port.

RELIEF VALVE ADJUSTMENT

The setting of the main relief valve is determined by a
spring installed in the relief valve at the factory, and no
provisions have been made to adjust this relief valve.

TROUBLESHOOTING

[Table 4D-6 lists the difficulties which may be experienced
with the valve and hydraulic system. It indicates the cause
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Figure 4D-11. Control Valve Operation (36Q70)

and remedy for each of the troubles listed. It should always
be remembered that pressure and delivery are factors which
are usually dependent upon each other. Adequate pressure
gauge equipment and a thorough understanding of the
operation of the complete hydraulic system are essential to
diagnosing improper valve operation.

OVERHAUL

GENERAL. Overhaul of this valve is limited to the replace-
ment of the relief valve assembly and seals. Replace the
complete valve when the required overhaul is beyond these
limitations.

During disassembly, particular attention should be given to
identification and orientation of parts for reassembly. The
spool is selectively fitted to the valve body and must be
returned to the same body from which it was removed.

[Eigure 4D-T2 is an exploded view of the valve showing the
proper relationship of the parts for reassembly. Refer to
this figure while disassembling and reassembling the valve.

DISASSEMBLY. Disassemble the valve as follows:

1. Be sure the valve is not subjected to pressure. Discon-
nect and cap all lines, and disconnect the linkage from the
spool. Remove the valve from the machine.

2. Remove the screws which secure the wiper retainer, and
remove the wiper retainer, wiper, retainer plate, and O-ring
from the valve body.

3. Remove the screws which secure the end cap, and
remove the end cap.

4. Slide the spool out of its bore from the end cap end, and
remove the O-ring from the spool bore.

5. Screw out the plug which retains the relief valve, and
remove the O-ring and back up ring from the plug. Remove
the spring and poppet. Do not lose the pin in the relief
valve.

6. Remove the check valve plug, and remove the O-ring and
back up ring from the plug. Remove the spring and poppet
from the valve.

CLEANING, INSPECTION AND REPAIR. After the valve
has been disassembled, perform the following:
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TABLE 4D-6

CONTROL VALVES

TROUBLE, CAUSE AND REMEDY CHART

TROUBLE

PROBABLE CAUSE

REMEDY

Oil teaks at either end of spool.

Defective O-rings in valve body.

Replace O-rings.

Spring-centered spools do not
return to neutral.

Broken springs.

Replace springs.

Foreign patrticle.

Clean system and valve.

Misalignment of operating linkage.

Check linkage for binding condition.

No motion, slow or jerky action of
hydraulic system.

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

Repair, clean and readjust.

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

Disassemble, clean and reassemble.

Spool not moved to full stroke.

Check travel.

No relief valve action (High
Pressure).

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

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

Load will not hold.

Oil by-passing between spool
and body.

Replace valve.

Oil by-passing piston in cylinder.

Repair or replace cylinder.

Spool not centered.

Refer to above spool remedies.

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

Dirt or foreign particles lodged
between check valve poppet and
sort.

Disassemble, clean and reassemble.

Scored or sticking check valve
poppet.

Replace poppet.
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1. Discard all old O-rings and back up rings. Wash all parts
in a clean mineral oil solvent and place them on a clean
surface for inspection.

2. Carefully remove burrs by light stoning or lapping. Be
certain that there is no paint on mating surfaces of valve
body. Check all parts for woof. Replace if necessary.

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

4. Check the relief valve for smooth operation in its bore.
The valve should move by its own weight.

ASSEMBLY. To assemble the valve, proceed as follows:

NOTE

Coat all parts with clean hydraulic oil to facilitate
reassembly and provide initial lubrication. Petroleum
jolly can be used to hold O-rings in place during reas-
sembly.

1. Install the O-ring and back up ring on the relief valve
plug, with O-ring nearest the relief valve. Install the relief
valve in its bore, then install the spring on the relief valve.
Install and tighten the relief valve plug. Do not over-tighten
plug.

2. Install new O-rings in each end of the spool bore.

3. Install the spool in the bore from the end cap end.

4. Install the end cap and attaching screws. Tighten the
screws to 15 to 20 foot-pounds (2.1 - 2.8 m-kg).

5. Install the retainer plate, wiper, and wiper retainer over
the spool, and secure with screws.

CONTROL VALVE (362840)

DESCRIPTION

Control valve 362840 is actually two individual pressures
compensated, directional control valves which are joined
together to form a single assembly. Each valve does, how-
ever, function independently to control only one of the

two telescope cylinders in the boom (see[Figure 4D-13).

NOTE

The following description applies to one section of
the valve only. The operation of the other valve
section is identical to the one described.

SUB-SECTION 4D

When the telescope lever is in the neutral, centered.
position, the oil delivered to the valve by the telescope
pump is prevented from entering the telescope circuit by
the control and compensator spools. Since the oil is pre-
vented from passing through the valve, pressure will build
up in the inlet and spool sections. This pressure is then fed
through the orifice in the compensator spool to the right
end of the spool. When the pressure the right end of the
spool exceeds the force imposed on the spool by the
compensator spring, the spool will shift to the left. When
the spool is shifted to the left, the inlet port is connected to
the tank port, and the pump delivery is diverted to tank at
a very low pressure.

When the control spool is shifted, pump flow is metered
across an orifice formed by the hole in the spool and the
body of the valve and into a passage within the spool. The
oil flowing into the spool will first lift the appropriate load
check, and then flow onto the circuit through the work
port. The oil returning from the circuit will flow into the
other work port, lifting the load check at the opposite end
of the spool, which opens a passage to the tank port.

The pressure in the circuit, imposed by the load, is fed
through a pilot pressure passage, which contains two check
balls and an orifice, to the left end of the compensator
spool. The pressure at the left end of the spool adds to the
force applied to the spool by the compensator spring and
tends to shift the spool to the right. Pump pressure, on the
other hand, is fed through the orifice in the center land of
the compensator spool to the right end of the spool.

As load changes occur, a corresponding pressure change will
be felt in the left end of the compensator spool, while
changes in pump pressure will be felt on the right end of
the spool. These pressures, and the force applied by the
compensator spring, will interact with each other to shift
the compensator spool either right or left. Increases in load
pressure or decreases in pump pressure will cause the spool
to shift to the right. This tends to block the opening be-
tween the inlet and tank passage, forcing a greater volume
of oil to pass through the valve. Decreases in load pressure
or increases in pump pressure will cause the opposite to
occur. Thus, a constant flow of oil is, delivered by the valve,
regardless of changes in either load or pump pressure.

The pressure acting on the left end of the compensator
spool also acts against the lower end of the main relief
poppet. When the load pressure exceeds the setting of the
poppet, the poppets unseats, venting the pressure on the
left end of the compensator spool. When this occurs, the
compensator spool will immediately shift to the left,
opening the inlet port to the tank port. This will divert the
main flow of oil back to tank, reducing the pressure in the
circuit. The relief poppet reseats when the pressure in the
circuit drops below the setting of the relief poppet, and
normal compensator operation resumes.
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Figure 4D-13. Control Valve (36Z840)

RELIEF VALVE ADJUSTMENT

GENERAL. Each inlet section of this valve contains its
awn relief valve to limit maximum circuit pressure. Refer to
the pressure deal mounted on the control valve access door
behind the operators cab for the exact relief valve settings.

The relief valves have been adjusted at the factory end
should retain their setting over extended periods of time
under normal conditions. The valve springs will eventually
weaken with machine use, however, so periodic checking of
the valve settings is recommended.

If a relief valve is removed for cleaning, inspection, of other
reason, readjustment will be required following installation.
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The following adjustment procedures are intended to be
performed by qualified service personnel who posses a
thorough working knowledge of the hydraulic system.

CAUTION

The pressure settings listed on the pressure decal must
be strictly adhered to. Any attempt to change the
settings without specific written approval of the
Regional Service Manager will void any and all war-
ranties, expressed or implied.

ADJUSTMENT. Adjust each relief valve as follows:

1. Before adjusting the relief valve settings, it is recom-



CONTROL VALVES

mended that the engine high speed and low idle speed be
checked and adjusted if necessary. A check of engine speed
should show a high speed of approximately 2750 RPM at
no load and a low idle speed of approximately 600 RPM at
no load.

2. Operate the machine until the hydraulic oil temperature
is a minimum of 70°F (21°C). Check the control valve
spools to be sure they travel a full stroke in each direction.

3. Shut down the engine and install an accurate 0 to 3000
psi (O to 206.0 bars) pressure gauge in the gauge tee at the
base of the boom (sed_Figure 4D-14).

NOTE

It may be helpful to swing the winch base downward
before installing the pressure gauge. This can be done
by supporting the winch and removing the upper
winch base bolts. Then allow the winch to swing
down and hang from the lower mounting bolts.

RETRACT
PIPES

Figure 4D-14. Gauge Ports

4. Start the engine and set the speed at approximately
1480 RPM.

5. Operate the control valve, which controls the cylinder
with the test gauge installed in it, to retract the cylinder
and hold the lever in the retract position briefly when the
cylinder reaches the end of its stroke. The relief valve will
by-pass, as indicated by a pressure drop, after reaching a
peak. The peak pressure represents the relief valve setting

SUB-SECTION 4D

and must correspond with the pressure listed on the pres-
sure decal.

6. If the relief valve setting is incorrect, remove the acorn
nut from the adjusting screw(see[Figure 4D-13}, loosen the
locknut and set the pressure by turning the adjusting screw
in or out.

NOTE

Initially. back the adjusting screw out a few turns,
allowing the valve poppet and seat to be flushed
thoroughly. Then turn the adjusting screw in to
obtain the specified pressure setting.

7. Repeat the above procedure for the relief valve in the
other valve section.

8. When the settings are correct, shut down the engine and
disconnect the test gauge. Clean and install the test tee cap.
Then swing the winch up and install the upper winch base
bolts.

TROUBLESHOOTING

lists the difficulties which may be experienced
with the valve and hydraulic system. It indicates the cause
and remedy for arch of the troubles listed. It should always
be remembered that pressure and delivery ore factors which
are usually dependent upon each other. Adequate pressure
gauge equipment and a thorough understanding of the
operation of the complete hydraulic system are essential to
diagnosing improper valve operation.

REMOVAL

Remove the valve assembly from the machine as follows:

1. Shut off the engine and tag the ignition switch in the
upper and carrier to warn against starting the engine until
the valve is reinstalled.

2. Clean the valve and fittings on it, with a suitable solvent.
Then wipe or blow away the solvent.

3. Disconnect the hydraulic lines at the valve and position
the lines to avoid interference as the valve is removed. Cap
the lines and plug the valve port to prevent the entry of
contaminants.

4. Disconnect the control linkage at the spools.
5. Remove the bolts attaching the valve to the deck plate.

6. The valve can now be removed. Note the presence of
any shims under one corner of the valve. The purpose of
such shims is explained at installation of the valve.

OVERHAUL

GENERAL. All parts of the valve are serviceable, except

4D-19



SUB-SECTION 4D

for the control and compensator spools, and the valve chart.

bodies. If either a valve body or spool is damaged, the com-
plete valve section must be replaced.

Control valve repairs, however, should be limited to the
steps listed in the REMEDY column of the troubleshooting

CONTROL VALVES

During disassembly, particular attention should be given to

identification and orientation of parts for reassembly. The

TABLE 4D-7

spools are selectively fitted to the valve body and must be
returned to the same body from which it was removed.

TROUBLE, CAUSE AND REMEDY CHART

TROUBLE

PROBABLE CAUSE

REMEDY

Entire valve inoperative.

Compensating spool stuck open.

Remove compensating spool -
examine for contamination, clean
and replace.

Pilot relief poppet stuck open.

Remove pilot poppet - examine
for contaminents, clean and
replace.

High pressure thru neutral (When
valve plungers are centered)

Compensating spool stuck.

Remove spool, clean and flush
inlet section.

Compensating spool orifice
partially plugged.

Clean orifice.

One valve section does not
operate.

Contamination under relief valve.

Remove relief, clean, install and
reset pressure.

Valve response slow.

Spool sticking.

Remove spool and clean, flush bore.

Pilot poppet held open due to
contamination.

Remove poppet and clean, flush
housing.

Response orifice partially plugged.

Remove and clean.

Sticking plungers.

Excessively high oil temperature.

Eliminate causes such as restrictions in
lines and filter.

Dirt in oil.

Change oil, clean system.

Valve warped from mounting.

Loosen mounting bolts & check.

Excessively high pressure.

Chock pressure with gauge on inlet
and cylinder ports.

Handle or linkage binding.

Free up linkage.

Plunger bent or damaged.

Replace entire section.

Return spring damaged.

Replace faulty parts.

Spring or detent cap binding.

Loosen cap, recenter & retighten.

Valve temperature not equal.

Let system warm up.

Leaking seals.

Paint or dirt on or under seal.

Remove and clean.

Excessive back pressure.

Check back pressure at tank port.

Scored plunger.

Replace valve section.
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TROUBLE, CAUSE AND REMEDY CHART (CONTINUED)

TROUBLE

PROBABLE CAUSE

REMEDY

Loose seal plates.

Clean and tighten.

Cut or scored seal.

Replace seals.

Unable to move plunger in or out.

Dirt in valve.

Clean and flush out valve.

Plunger cap full of oil.

Replace seals.

Binding linkage.

Free up linkage.

Load will not hold.

Port relief valve not holding.

Remove, clean install & reset.

Contamination holding load
holding check open.

Remove, clean and re-install.

Oil by-passing valve plunger.

Replace valve section.

Spool not centered.

Check linkage.

Load drops when plunger is

Dirt in load holding check.

Remove and clean.

moved from neutral.

Scored check valve, poppet or seat.

Replace poppet or plunger as necessary.

Valve leaks between sections.

Valve not torqued to properly.

Torque to proper valve.

O-ring damaged.

Disassemble valve and replace necessary
O-rings.

Contamination between sections.

Clean valve section surfaces.

[Eigure 4D-13 is an exploded view of the valve showing the
proper relationship of the parts for reassembly. Refer to
this figure while disassembling and reassembling the valve,
unless otherwise specified.

DISASSEMBLY. The following disassembly procedure
assumes that the complete valve will be disassembled. The
following instructions have been arranged to provide the
best method of completely disassembling and reassembling
the telescope control valve. The instructions for disas-
sembling and reassembling a subassembly, such as the inlet
section, are given in the lettered stops following the removal
of the subassembly. In the event that it is not necessary to
overhaul a subassembly, proceed to the next numbered
step.

To disassemble the telescope control valve, proceed as fol-
lows:

NOTE

Disassembly should only be attempted on a bench in
as clean an area as possible. The workbench, the
mechanic’s hands and tools must be clean, and the
disassembled valve must be protected from airborne
dust. Contaminants introduced directly into the
control valve, or any other components of the hy-

draulic system, have the greatest potential for causing
damage. This is because such contaminants are carried
under high pressure to the working portion of the
system before being removed from the oil by the
return line filter.

1. Loosen nuts (1) on the ends of the through-bolts, in
small increments, initially. Then remove all attaching nuts.

2. When the nuts are removed from all through-bolts, care-
fully slide the inlet section off the through-bolts. Note the
number and location of the O-rings on the inlet section. If
the inlet section of the valve must be disassembled, proceed
as follows:

A. Remove plugs (5), and carefully push the compen-
sator spool out of inlet body (3).

B. Remove plug (13), spring (11) and ball (10) from
inlet body (3). Orifice (9) should not be removed
unless it is plugged. If the orifice is plugged, it can be
removed using a suitable Allen wrench.

C. Remove relief valve assembly (6) from inlet body (3).
The relief valve assembly should not be disassembled
unless it requires cleaning, in which case the puts can
be unscrewed to separate them.
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CONTROL VALVES

Figure 4D-15. Control Valve (362840)

3. Slide the spool section off the through-bolts. Be sure
check balls (31) are not lost when the spool section is slid
off the through-bolts. Note the number and location of the
O-rings on the spool section. If the spool section must be
disassembled, proceed as follows:

A. Remove screws (29) and seal retainer (26).

B. Remove screws (18) and cap (19). Note that a suit-
able twelve point socket wrench must be used to
remove the screws.

C. Carefully push the spool out of valve body (15).

D. Remove O-ring (28) and wipers (27) from the valve
body counterbores.
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E. Insert a suitable drift pin through one of the holes in
the spool as shown in Figure 4D-16. Use a screwdriver
between the clevis ears to unscrew plug (30). Plug
(20) can be removed using a suitable screwdriver.
Springs (22) and poppets (23) can now be removed
from the spool.

4. Slide spacer (34) off the through-bolts. The other spool
and inlet section can now be removed and disassembled as
described above.

INSPECTION AND REPAIR. After the valve has been
disassembled, wash the parts with cleaning solvent, and dry
the parts with clean compressed air. Be sure to blow out the
orifices and internal passages of the valve. After the parts
are cleaned, inspect and repair the following:



CONTROL VALVES

Figure 4D-16. Control Spool Disassembly

1. It is recommended that all O-rings be discarded and
replaced with new O-rings.

2. Closely inspect the mating surfaces of each section for
nicks, burrs, scratches and other minor defects. Slight
imperfections can be corrected using a fine polishing stone
or file, or a high grade crocus cloth. Do not use a power
grinder, sandpaper or emery paper.

3. If a mating surface is badly damaged, that section should
be replaced with a complete new section.

4. Minor repairs, such as cleaning and polishing, can be
made to the eontrol and compensator spools. Replacement
spools are not available. A complete new valve body and
spool must be installed if the spool is damaged beyond
repair.

5. Inspect the load check and relief valve poppets and seats
for burrs, nicks, scratches, or the presence of foreign
matter. Any of these conditions can cause the valves to
leak. Small imperfections are best removed by lapping the
poppet to its seat.

6. Defective spool centering springs can be replaced.

7. Prior to installing a spool, lubricate it with clean hy-
draulic oil.

REASSEMBLY. The following reassembly procedure
assumes that the valve has been completely disassembled.
To reassemble the valve, proceed as follows:

1. Install one inlet section on the through-bolts. If the inlet
section has been disassembled, reassemble it as follows:

A. Install relief valve assembly (6) in inlet body (3).

SUB-SECTION 4D

B. Install orifice (9) in the inlet body using a suitable
Allen wrench, if the orifice was removed. Then install
ball (10), spring (11), O-ring (12) and plug (13).

C. Install one plug (5) with an O-ring (4), in the opening
nearest the inlet port. Then install the compensator
spool in inlet body (3), with the spring cavity nearest
the outlet port. Install spring (14) in the compensator
spool and secure the spool with another plug (5) and
O-ring (4).

2. Install bne spool section on the through-bolts. |f the
spool section has been disassembled, reassemble it as follows:

A. Install poppets (23) and springs (22) in the spool.
Then install plugs (20 and 30) in the ends of the
spool with O-rings (21). Insert a suitable drift pin
through one of the holes in the spool as shown in
Figure 4D-16. Tighten the plugs with a screwdriver.

B. Carefully install the control spool in valve body (15).
Note that valve bodies (15) and the control spools are
identical. The spools must be installed so that the
spool clevises extend in the same direction when the
valve is assembled.

C. Install an O-ring (28) and wiper (27) in each end of
the spool bore. The lip of the wiper must point out-
ward from the valve body.

D. Install seal retainer (26) and cap (19). Secure the cap
with screws (18). Tighten the screws using a suitable
twelve point socket wrench.

E. Install seal retainer (26), and secure it with screws
(29).

3. Install spacer (34) on the through-bolts. The remaining
spool and inlet sections can be reassembled as described
above and installed on the through-bolts.

4. Install nuts (1) on the end ot the through-bolts, and
tighten the nuts finger tight.

5. Lay the assembly down, on its mounting feet, on a flat
surface and align the sections as perfectly as possible, using
a rawhide mallet or other suitable means.

6. When the sections are perfectly aligned, tighten the nuts
on the through-bolts to 32 ft-lbs (4.43 m-kg). Note that this
torque value is obtained with lubricated threads.

INSTALLATION
Install the valve assembly on the machine as follows:

1. Note the corner of the valve under which shims had
been installed.

2. Install and fully tighten the attaching bolts in the other
three corners.
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3. Insert shims under the forth corner to fill any gap
between this mounting foot and the deck plate. Then install
and tighten that mounting bolt.

NOTE

Installation must be accomplishad as described above.
If all four mounting bolts are installad and tightened
at the same time, any unevenness in the deck may
cause the valve assembly to warp when drawn down
by the mounting bolts. Leakage, binding of the spools
and other conditions may then occur, resulting in
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improper operation of the valve.

4. One by one, remove the protective cap and plug and
connect the hydraulic lines to their respective ports.

5. Connect the operating linkage to the control spools.

6. Start the engine and operate each of the control spools,
observing for leaks, binding of other defects.

7. Check each of the relief valve settings and readjust as
necessary.
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RETURN LINE FILTERS

RETURN LINE FILTER (462180)

DESCRIPTION

Two full flow filters, located at the right rear corner of the
engine compartment, are used to filter the oil in the hy-
draulic system before it is returned to tank.

The filters are designed to provide full flow filtration of all
the oil returning to the hydraulic tank. A poppet type
by-pass valve is provided in the filter head, which permits
part or all of the oil to by-pass the filter element when it
becomes clogged, or when the viscosity of the oil is too
high, due to cold weather. (See[Figure 4E-1])

BY-PASS VALVE

IN

BODY ELEMENT

Figure 4E-1. Filter Operation

REPLACEMENT

Repair of the return line filters is limited to replacement of
the complete filter. In the event, that it is necessary to
replace the return line filters, proceed as follows (see Figure
4E-1):

1. Lift the rear end of the machine using the rear out-
riggers. This will ensure that the oil level in the hydraulic
tank is below the level of the return manifold.

2. Support the return line filter to be removed, and remove
the four socket head capscrews on each side of the filter.
Remove the filter from the machine.

3. Remove the O-rings from the adapter flanges, and inspect
them for damage or brittleness. If either of these conditions
exist, replace the O-rings.

4. Coat the O-rings with a small amount of grease, and
install them on the adapter flanges.

5. Position the new filter between the adapter flanges and
install the socket head capscrews.

6. Operate the hydraulic system for several minutes and
check the filter for leakage.

B ADAPTER
28 FLANGES

B SOCKET HEAD }
CAPSCREWS

Figure 4E-2. Filter Replacement.
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SUB-SECTION 5A
BOOM AND WINCH SYSTEMS

GENERAL

This section covers the components used in the boom hoist,
boom telescope, and winch systems, with the exception of
the pumps and control valves.

This sub-section describes the method of removing the
boom hoist and boom telescope cylinders from the me-
chine. Repair of the cylinders is covered in the next two
sub-sections.

Repair of the other components of the boom and winch
systems are covered in the remaining subsections.

REMOVAL-BOOM HOIST CYLINDERS

To remove the boom hoist cylinders, proceed as follows
(sed_Figure SA-T):

1. Lower the boom onto the boom cradle at the front of
the carrier.

2. Remove the hydraulic lines attached to the cylinder to
be removed. Cap the line securely and plug the cylinder
ports.

3. Remove the retainers at the top and bottom of the
cylinder which is being removed. Press the pin out of the
bottom of the cylinder rod eye.

4. Attach a suitable lifting device to the cylinder that is
being removed to prevent it from swinging away from the
revolving frame as the boom is lifted.

5. Slowly lift the boom by placing the boom hoist lever in
the raise position. Lift the boom high enough to allow the
cylinder to be swung away from the revolving frame.

6. When the cylinder is in a vertical position, slide it out-
ward from the boom, and remove it to a suitable repair
area.

WARNING

Lower the boom back onto the boom cradle after the
cylinder has been removed. Install warning tags on the
machine to warn against operating the machine while
the cylinder is removed.

REMOVAL - BOOM TELESCOPE CYLINDERS

To remove the boom telescope cylinders, the boom itsel