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INTRODUCTION

GENERAL

This section has the description and repair procedures
for the Four–Stage, full free–lift (FFL) mast and the car-
riages. Checks and Adjustments and Troubleshooting
information are at the end of this section.

The mast is used to lift a load vertically. The mast has
two movements controlled by hydraulic cylinders: for-
ward and backward tilt and the lifting and lowering of
the mast weldments and carriage. The outer weldment
can move on the pivot pins at the mast mounts. The op-
eration of the tilt cylinders causes the mast to tilt forward
and backward. The tilt cylinders are fastened between
the frame of the lift truck and the outer weldment of the
mast. Hydraulic lift cylinders are installed vertically on
the mast weldments. The lift cylinders and lift chains
raise and lower the weldments and the carriage. The hy-
draulic operation of the lift cylinders and tilt cylinders is
described in the section MAIN CONTROL VALVE.

CARRIAGES (See FIGURE 1.)

The carriage is a part of the mast assembly and moves
within the channels of the inner weldment. Forks or
other types of load handling equipment are attached to
the carriage. A load backrest extension is attached to the
carriage and adds support for a load that has multiple
pieces.

The side–shift carriage lets the operator move the forks
and load from side–to–side. This function makes it eas-
ier for the operator to align the forks with a load or align
the load with a stack. The side–shift carriage hangs on
the fork bars of the standard carriage. Special bushings
fit between the side–shift carriage and the fork bars. A
side–shift cylinder is installed on a bracket that fits on
the standard carriage. The side–shift cylinder moves the
side–shift carriage on the standard carriage.

FIGURE 1. CARRIAGE AND FORKS

1. LOAD BACKREST EXTENSION
2. STANDARD CARRIAGE
3. FORKS
4. FORK REMOVAL NOTCH
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5. TOP BUSHING
6. TOP BAR
7. BOTTOM BUSHING
8. BOTTOM BAR
9. SIDE–SHIFT CYLINDER

10. CYLINDER MOUNTING BRACKET
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FIGURE 13. MAST MOUNTING

1. PIVOT PIN
2. DRIVE AXLE 

HANGER 
(MAST MOUNT)

3. TILT CYLINDER
4. OUTER WELDMENT 12791
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1. Disconnect and remove the hydraulic lines for the
free–lift cylinder. Remove the brackets for the free–lift
cylinder. Remove the free–lift cylinder. Disconnect the
free–lift chains at the crossmember.

2. Disconnect the lift chains at the bottom of the inner
weldment and the top of the first intermediate weld-
ment. Remove the lift chains. Push the inner weldment
toward the bottom of the mast assembly until the bottom
load rollers are seen.

3. Remove the strip bearings at the top of the second in-
termediate weldment. Remove the load rollers at the
bottom of the inner weldment. Remove the load rollers
at the top of the second intermediate weldment. Make a
note of each shim arrangement and load roller location.
The shim arrangements will be approximately the same
during assembly.

4. Slide the inner weldment half–way out of the top of
the second intermediate weldment. Connect a crane to
the center of the inner weldment. See FIGURE 14. Slide
the inner weldment out until the stub shafts are in the
notches of the second intermediate weldment. Remove

the inner weldment from the second intermediate weld-
ment.

5. Disconnect the lift chains at the bottom of the second
intermediate weldment and the top of the outer weld-
ment. Remove the lift chains. Push the second inter-
mediate weldment toward the bottom of the mast assem-
bly until the bottom load rollers are seen.

6. Remove the strip bearings and spacers at the top of the
first intermediate weldment. Remove the load rollers at
the bottom of the second intermediate weldment. Re-
move the load rollers at the top of the first intermediate
weldment. Make a note of each shim arrangement and
load roller location. The shim arrangements will be ap-
proximately the same during assembly.

7. Slide the second intermediate weldment half–way out
of the top of the first intermediate weldment. Connect a
crane to the center of the second intermediate weldment.
See FIGURE 14. Slide the second intermediate weld-
ment out until the stub shafts are in the notches of the
first intermediate weldment. Remove the second inter-
mediate weldment.

FIGURE 14. REMOVE A WELDMENT
8. Disconnect the hydraulic lines at the top and bottom
of the lift cylinders. Disconnect the balance line at the
top of the right–hand lift cylinder.

9. Remove the snap rings and washers at the top of the
main lift cylinders. Remove the nut, bolt and spacer at
the mount near the top of each main lift cylinder.

10. Push the first intermediate weldment to disengage
the lift cylinders. Remove the main lift cylinders. Keep
the shims from the top of the right–hand lift cylinder
with the cylinder.

11. Slide the first intermediate weldment from the bot-
tom of the outer weldment approximately 30 cm (12 in).
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1. HOSE
2. HOSE SHEAVE
3. STUB SHAFT WELDMENT
4. WASHER
5. CAPSCREW
6. CHAIN GUARD
7. SPACER
8. CHAIN SHEAVE
9. SNAP RING

10. PIN
11. CROSSHEAD
12. ALIGNMENT PIN
13. FREE–LIFT CYLINDER
14. STRAP
15. TUBE SPACER
16. BRACKET
17. LOWERING CONTROL

VALVE FITTING
18. BEARING

FIGURE 23. CROSSHEAD AND FREE–LIFT CYLINDER ASSEMBLY
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2. Install all hose sheaves loosely. Do not tighten caps-
crews and nuts until header hoses are installed.

3. Make sure the replacement header hose is the correct
part number for your mast assembly. Make sure the
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TROUBLESHOOTING

PROBLEM POSSIBLE CAUSE PROCEDURE OR ACTION

Slow or no movement of lift
or tilt cylinders.

Air is in the hydraulic system.
The hydraulic pump is worn or dam-
aged.
Restriction in the hydraulic lines.
Cylinder seals are damaged.
Load is greater than capacity.
Linkage is disconnected or damaged.

Pressure relief valve(s) is not adjusted
correctly or is damaged.
Large leaks between spool and bore.
Spool is not fully extended or re-
tracted.

Remove air from hydraulic system.
Repair or replace hydraulic pump.

Repair hydraulic lines.
Repair cylinders.
Reduce load.
Repair and adjust linkage for control
levers.
Repair or adjust relief valve(s).

Replace valve section.
Adjust linkage to spool.

Rough movement of the mast
assembly.

Air is in the hydraulic system.
Lift cylinder(s) is damaged.
Mast weldments are damaged or not
aligned.
Mast weldments are not lubricated
correctly.

Remove air from hydraulic system.
Repair cylinder(s).
Repair or adjust mast weldments.

Lubricate mast correctly.

Lift or tilt cylinders retract
when the spool is in the NEU-
TRAL position.

Check valve for the lift spool is dam-
aged.
Cylinder seals have leaks.
Hydraulic lines have leaks.
Leaks between the lift spool and the
bore.

Replace check valve.

Repair lift cylinders.
Repair or tighten lines or fittings.
Replace valve section.

Tilt cylinders extend when the
tilt spool is in the NEUTRAL
position.

Cylinder seal have leaks.
Oil leaks between control valve spool
and bore.
Hydraulic lines have leaks.

Repair tilt cylinders.
Replace valve section.

Repair or tighten lines or fittings.
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FIGURE 9. SERVICE BRAKE

6. LOCKNUT
7. MASTER CYLINDER
8. SWITCH
9. BRAKE ASSEMBLY

10. BRAKE LINES

1. CAPSCREW
2. BRAKE PEDAL
3. FLOORPLATE
4. LOCKNUT
5. PUSH ROD
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FIGURE 6. LOCATION OF THE GREASE SEALS

1. OUTER SEAL
2. INNER SEAL
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3. BRAKE DRUM

12879

FIGURE 7. INSTALLATION OF THE INNER
GREASE SEAL

9518

PARKING BRAKE

Removal And Disassembly 
(See FIGURE 9.)

If the lever assembly for the parking brake must be re-
moved from the frame, use the following procedure
(See FIGURE 9.):

1. Use blocks next to the wheels to make sure the lift
truck can not move. Release the parking brake.

2. Turn the adjustment knob (5) so that the link (17)
is at the bottom of the adjustment slot (18).

3. Remove the cotter pin (22) and pin (23) to discon-
nect the parking brake cable from the brake as-
sembly.

4. Remove the cotter pin and anchor pin (8) that
connect the link (4) to the parking brake assembly
(3).

5. Remove the nuts (10) and washers that hold the
parking brake assembly to the bracket (16). Re-
move the capscrews (9) and spacers (12).

6. Remove the cotter pin, washer, and anchor pin
(13) from the link (17).

Assembly And Installation
(See FIGURE 9.)

If the lever assembly for the parking brake was removed
from the frame, use the following  procedure for instal-
lation:

1. Make sure the parking brake lever is in the re-
leased position. Turn the adjustment knob (5) un-
til the link (17) is adjusted to the bottom of the ad-
justment slot (18).

2. Install the ends of the cables  into the compensa-
tor (15). Install the anchor pin (13), washer, and
cotter pin into the parking brake assembly. Make
sure the anchor pin is through the link and com-
pensator.

3. Install the mounting bolts (9) through the cable
clamps (11) and spacers (12). Mount the assem-
bly to the bracket (16).

4. Before tightening the the mounting capscrews
(9), push down the parking brake assembly to
make sure it is in contact with the frame bracket
(19).

5. The following procedure must be used to connect
the link (4) to the parking brake assembly (3) and
the brake pedal assembly (6): put the parking
brake lever (3) in the applied position. Install the
anchor pin (8) in the hole in the link (4) that will
adjust the bottom side of the parking brake pedal
to 28 mm (1.1 in) above the frame. See
FIGURE 9. Install the cotter pins. Install the re-
turn spring (25) in an empty hole in the link (4).

6. With the brake in the applied position, adjust and
tighten the nuts (14) on the end of the cable (20) to
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TROUBLESHOOTING
TROUBLE POSSIBLE CAUSE PROCEDURE OR ACTION

The parking brake will not hold the
lift  truck.

Parking brake not adjusted correct-
ly.

Oil, water, or brake fluid is on the
linings.

The parking brake cables need ad-
justment, lubrication, or have
damage.

Use adjustment knob on parking
brake lever to adjust holding
force. See adjustment proce-
dure for correct specifications.

Clean or install  new linings.

Install new parts. Lubricate and ad-
just cables.

The parking brake will not release. The parking brake lever is adjusted
too tight.

The parking brake cables need ad-
justment, lubrication, or have
damage.

Adjust parking brake. See adjust-
ment procedure for correct
specifications.

Install new parts. Lubricate and ad-
just cables.

TORQUE SPECIFICATIONS

ITEM SPECIFICATION

Back Plate to Axle Mount Capscrews
5/8 in Capscrews
1/2 in Capscrews

245 N.m (180 lbf ft)
125 N.m (92 lbf ft)

Wheel Cylinder Capscrews
7/16 in Capscrews
1/2 in Capscrews

78 to 91 N.m ( 58 to 67 lbf ft)
91 to 102 N.m ( 67 to 75 lbf ft)

Axle Shaft Capscrews 98 N.m (72 lbf ft)

Wheel Nuts 237 to 305 N.m (175 to 222 lbf ft)

Hub Nut Initial 205 N.m (150 lbf ft)
Final 34 N.m (25 lbf ft)
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�� )ODVKRYHU FDXVHV EXUQLQJ RI WKH HQGV RI WKH
FRPPXWDWRU EDU�

�� 2SHQ FLUFXLW LQ ZLQGLQJ FDXVHV GHHS EXUQLQJ RI
DGMDFHQW FRPPXWDWRU EDUV�

�� 2YHUKHDWLQJ FDXVHV GDPDJH WR YDUQLVK LQVXODWLRQ�

3RVVLEOH &DXVHV�

- 0RWRU KDV EHHQ WRR KRW� :URQJ OLIW WUXFN IRU WKH
DSSOLFDWLRQ�

- 0RWRU KDV EHHQ VWDOOHG�

- 2SHQ DUPDWXUH ZLQGLQJ�

- 2SHQ ILHOG FRLO�
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+LJK FRPPXWDWRU
EDUV DW HDFK EUXVK
SRVLWLRQ FDQ RFFXU LI
WKH PRWRU LV VWDOOHG�

5DSLG EUXVK ZHDU
IURP KLJK FRPPXWDWRU
EDUV

&KHFN IRU ORRVH RU KLJK FRPPXWDWRU EDUV�

3RVVLEOH &DXVHV�

- 0RWRU KDV EHHQ VWDOOHG�

- 0RWRU KDV EHHQ WRR KRW�

%UXVK DQG FRPPXWDWRU GDPDJH RFFXUV ZKHQ
WKH KLJK FRPPXWDWRU KLWV DQG IRUFHV WKH EUXVK
XS� $UFLQJ DQG EXUQV RFFXU DV WKH EUXVK
PRYHV EDFN GRZQ WR WKH QRUPDO VXUIDFH�

%586+ 5(3/$&(0(17

�� 0RWRU EUXVKHV PXVW EH UHSODFHG EHIRUH WKH\ DUH
ZRUQ HQRXJK WR GDPDJH WKH VXUIDFH RI WKH FRPPXWD�
WRU� 6HH WKH %UXVK 5HSODFHPHQW *XLGH� 0RYH WKH
EUXVK VSULQJ DQG UHPRYH D EUXVK IURP LWV EUXVK KROG�
HU� 6HH ),*85( ��� DQG ),*85( ��� ,QVWDOO QHZ
EUXVKHV DV D VHW LI WKH OHQJWK RI DQ\ EUXVK LV ZRUQ WR D
PLQLPXP OHQJWK� ,I WKH EUXVK OHDG LV IDVWHQHG WR WKH
EUXVK ZLWK D ULYHW� LQVWDOO D QHZ VHW RI EUXVKHV LI RQH
RI WKH EUXVKHV LV ZRUQ WR ZLWKLQ ��� PP ������ LQ� RI
WKH ULYHW� ,I D EUXVK GRHV QRW PRYH HDVLO\ LQ LWV KROGHU�
D QHZ VHW RI EUXVKHV PXVW EH LQVWDOOHG�

7KH OHDG ZLUH IRU VRPH EUXVKHV LV LQVWDOOHG GLUHFWO\
LQWR WKH FDUERQ FRPSRXQG RI WKH EUXVK� 1HZ EUXVKHV
PXVW EH LQVWDOOHG EHIRUH WKH OHDG ZLUH FXWV D JURRYH LQ
WKH FRPPXWDWRU� ,QVWDOO D QHZ EUXVK VHW ZKHQ D EUXVK
LV ZRUQ WR D VKRUW OHQJWK�

%UXVKHV DUH PDGH WR GLIIHUHQW VSHFLILFDWLRQV IRU PR�
WRUV XVHG LQ GLIIHUHQW DSSOLFDWLRQV� 8VH RQO\ QHZ
EUXVKHV DSSURYHG E\ +\VWHU &RPSDQ\ IRU WKDW PRWRU�

127(� )RU VRPH PRGHO RI OLIW WUXFNV� WKH EDWWHU\
GRHV QRW QHHG WR EH UHPRYHG WR DFFHVV WKH HOHFWULF
PRWRUV� 2WKHU PRGHOV ZLOO UHTXLUH WKH UHPRYDO RI WKH
EDWWHU\ EHIRUH JDLQLQJ DFFHVV WR WKH HOHFWULF PRWRUV�
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$66(0%/< 2) 027256

7UDFWLRQ 0RWRU $QG +\GUDXOLF 3XPS
0RWRU �6HH ),*85( ��� WKURXJK ),*85( ����

�� 0DNH VXUH DOO RI WKH FRPSRQHQWV DUH FOHDQ� ,I WKH
EHDULQJV ZHUH ZRUQ� LQVWDOO QHZ EHDULQJV LQ WKH HQG
IUDPHV�

�� ,I WKH FRROLQJ IDQ ZDV UHPRYHG� LQVWDOO LW RQ WKH
DUPDWXUH� 0DNH VXUH WKH ILHOG FRLOV DQG SROH SLHFHV
DUH LQVWDOOHG FRUUHFWO\ LQ WKH ILHOG IUDPH�

�� ,QVWDOO WKH EUXVK KROGHU DVVHPEO\ LQ WKH FRPPXWD�
WRU HQG IUDPH� 0DNH VXUH WKH DOLJQPHQW PDUNV DUH
DOLJQHG�

�� ,QVWDOO WKH GULYH HQG IUDPH RQ WKH DUPDWXUH�

�� &DUHIXOO\ LQVWDOO WKH DUPDWXUH DQG GULYH HQG IUDPH
LQ WKH ILHOG IUDPH� 0DNH VXUH WKH LQGH[ PDUNV DUH
DOLJQHG� ,QVWDOO DQG WLJKWHQ WKH VFUHZV�

�� &DUHIXOO\ LQVWDOO WKH FRPPXWDWRU HQG IUDPH RQ WKH
DUPDWXUH DQG IDVWHQ LW WR WKH ILHOG IUDPH� ,QVWDOO DQG
WLJKWHQ WKH KH[ KHDG VFUHZV�

�� ,QVWDOO WKH EUXVKHV DQG VSULQJ DVVHPEOLHV� 6HH WKH
%586+ 5(3/$&(0(17 VHFWLRQ LQ WKLV VHUYLFH
PDQXDO IRU LQIRUPDWLRQ RQ KRZ WR LQVWDOO WKH EUXVKHV
DQG EUXVK VSULQJV�

�� 2Q K\GUDXOLF PRWRU DVVHPEOLHV� LQVWDOO WKH NH\ DQG
WKH FRXSOHU KXE WR WKH LQGH[ PDUN RQ WKH DUPDWXUH
VKDIW� 7LJKWHQ WKH VHW VFUHZ� ,QVWDOO WKH RWKHU NH\�
DOLJQ WKH SXPS ZLWK WKH FRXSOHU DQG WKH DOLJQPHQW
PDUNV� ,QVWDOO WKH WZR FDSVFUHZV WKDW IDVWHQ WKH SXPS
WR WKH SXPS PRWRU�

6WHHULQJ 3XPS 0RWRU

127(� 6RPH HOHFWULFDO WUXFNV XVH D VWHHULQJ SXPS
PRWRU� 5HIHU WR WKH VHUYLFH PDQXDO IRU \RXU WUXFN
PRGHO IRU LQVWUXFWLRQV RQ WKH UHPRYDO DQG LQVWDOODWLRQ
RI VWHHULQJ SXPS PRWRUV�

�� 5HSODFH WKH VHDO LQ WKH GULYH HQG IUDPH� 5HSODFH
WKH EHDULQJV RQ WKH DUPDWXUH E\ SXVKLQJ RQO\ RQ WKH
LQQHU UDFHV�

�� ,QVWDOO WKH DUPDWXUH LQWR WKH ILHOG IUDPH VR WKDW WKH
FRPPXWDWRU LV DOLJQHG ZLWK WKH EUXVK LQVSHFWLRQ
RSHQLQJV LQ WKH ILHOG IUDPH�

�� /XEULFDWH WKH VHDO OLS ZLWK K\GUDXOLF RLO� $OLJQ WKH
LQGH[ PDUNV DQG FDUHIXOO\ LQVWDOO WKH GULYH HQG IUDPH
RQ WKH DUPDWXUH DQG ILHOG IUDPH DVVHPEO\�

�� $OLJQ WKH LQGH[ PDUNV DQG LQVWDOO WKH EUXVK KROGHU
DVVHPEO\ LQ WKH FRPPXWDWRU HQG IUDPH� ,QVWDOO DQG
WLJKWHQ WKH WZR VFUHZV�

�� 0DNH VXUH WKDW WKH VSHFLDO VSULQJ LV LQ SRVLWLRQ LQ
WKH FRPPXWDWRU HQG IUDPH� $OLJQ WKH LQGH[ PDUNV DQG
LQVWDOO WKH FRPPXWDWRU HQG IUDPH� &DUHIXOO\ LQVWDOO
WKH IRXU ORQJ VFUHZV WKURXJK WKH ILHOG IUDPH LQWR WKH
GULYH HQG IUDPH� 7LJKWHQ WKH VFUHZV�

�� ,QVWDOO WKH EUXVK VSULQJV DQG EUXVKHV� 0DNH VXUH
WKDW WKH DQJOH RI WKH EUXVK LV LQ WKH FRUUHFW SRVLWLRQ RQ
WKH FRPPXWDWRU� 3XW WKH HQG RI WKH EUXVK VSULQJ RQ
HDFK EUXVK� &RQQHFW WKH EUXVK ZLUHV DQG WKH ZLUHV IRU
WKH WHUPLQDOV WR WKH FRUUHFW EUXVK KROGHU� ,QVWDOO WKH
EUXVK FRYHUV�

�� ,QVWDOO D QHZ 2�ULQJ RQ WKH PRXQWLQJ VXUIDFH RI WKH
SXPS DQG DOLJQ WKH LQGH[ PDUNV� $OLJQ WKH SXPS
GULYH WDQJ ZLWK WKH DUPDWXUH DQG LQVWDOO WKH SXPS RQ
WKH PRWRU� ,QVWDOO DQG WLJKWHQ WKH FDSVFUHZV�

%586+ $/,*10(17� 75$&7,21 $1'
+<'5$8/,& 027256
127(� 7KH EUXVK KROGHU LQ WKHVH PRWRUV FDQ EH UR�
WDWHG IRU WLPLQJ RI WKH EUXVK DOLJQPHQW ZLWK WKH FRP�
PXWDWRU� 7KLV SURFHVV QRUPDOO\ UHTXLUHV VSHFLDO HTXLS�
PHQW DQG WUDLQLQJ� $ VSHFLDO UHSDLU VHUYLFH IRU HOHFWULF
PRWRUV LV UHTXLUHG WR DOLJQ WKH EXVKHV IRU WKH FRUUHFW
WLPLQJ ZLWK WKH FRPPXWDWRU� ,I WKH EUXVKHV DUH QRW
WLPHG FRUUHFWO\ ZLWK WKH FRPPXWDWRU� WKH PRWRU ZLOO
KDYH D ORZ SRZHU RXWSXW� 7KH SURFHGXUHV IRU WLPLQJ
DQ HOHFWULF PRWRU DUH QRW GHVFULEHG LQ WKLV VHFWLRQ� 'R
QRW URWDWH WKH EUXVK KROGHU IURP LWV RULJLQDO SRVLWLRQ�

6HH ),*85( ��� ,I WKH EUXVK KROGHU ��� PXVW EH ORRV�
HQHG RU UHPRYHG IURP WKH HQG IUDPH IRU UHSDLUV� WKH
EUXVK KROGHU PXVW EH LQVWDOOHG DJDLQ LQ WKH VDPH SRVL�
WLRQ� 0DNH DOLJQPHQW PDUNV EHWZHHQ WKH EUXVK KROGHU
DQG WKH HQG IUDPH EHIRUH WKH EUXVK PRXQWLQJ SODWH ���
LV UHOHDVHG� 7KH EUXVK KROGHU PXVW EH LQVWDOOHG DJDLQ
LQ WKH VDPH SRVLWLRQ�

,I D QHZ EUXVK KROGHU PXVW EH LQVWDOOHG� WKHUH ZLOO QRW
EH DQ DOLJQPHQW PDUN RQ WKH QHZ EUXVK KROGHU� 0DNH
DQ DOLJQPHQW PDUN RQ WKH HQG IUDPH ZLWK D UHIHUHQFH
SRLQW RQ WKH EUXVK KROGHU WKDW PXVW EH UHPRYHG�
,QVWDOO WKH QHZ EUXVK KROGHU VR WKDW WKH UHIHUHQFH
SRLQW DQG WKH DOLJQPHQW PDUN DUH DOLJQHG� 7KH QHZ
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ALL DEVICES ARE SHOWN IN THE NORMAL POSITION WHEN THE UNIT IS STOPPED WITH NO OPERATOR.
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ALL DEVICES ARE SHOWN IN THE NORMAL POSITION WHEN THE UNIT IS STOPPED WITH NO OPERATOR.
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TOP VIEW

1

FIGURE 20. TRUCK WIRING HARNESSES AND CABLES,  J2.00–3.20XM (J40–65XM)

1340800 1/4
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LEFT SIDE VIEW

1364900 1/5 R6

1. TRACTION MOTOR
2. LIFT PUMP MOTOR
3. STEERING PUMP MOTOR
4. HARNESS FOR TEMP. AND

BWI SENSORS
5. MAIN CHASSIS HARNESS
6. DISPLAY PANEL HARNESS
7. TO INSTRUMENT PANEL
8. TO ON–DEMAND STEERING
9. BATT. + CONTROL WIRES

4

5

6

9

2

3

8

6
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FIGURE 30. DETAIL OF BATTERY CONNECTORS WITH +12 VOLT TAP

12866

1. HALF OF CONNECTOR SET
2. RED HOUSING FOR +12 VOLT “BATTERY TAP”
3. LOCK SPRING (TIP OF CONTACT MUST LOCK OVER TOP OF LOCK SPRING)
4. BLACK CONNECTOR HOUSING (ASSEMBLED ON RED HOUSING WITH SLOTS

FOR LOCK PINS ALIGNED AS SHOWN – NO WIRE OR CONTACT IN HOUSING)
5. SLOT FOR LOCK PIN
6. CONTACT FOR CONNECTOR OF +12 VOLT BATTERY TAP
7. KEY [RED (Item 2) AND BLACK (Item 4) CONNECTORS ALIGN ON KEY]
8. LOCK PINS FOR +12 VOLT CONNECTOR (MUST INSTALL FROM FRONT OF

CONNECTOR THROUGH RED & BLACK CONNECTORS)
9. +12 VOLT WIRE TO TRUCK (TRUCK HALF) OR TO BATTERY (BATTERY HALF)

10. INDICATOR INSERT FOR BATTERY VOLTAGE AND BATTERY TYPE [ROTATE FOR
CORRECT VOLTAGE IN WINDOW (Item 12). COLOR SHOWS BATTERY TYPE}

11. LOCK FOR ALL CABLE TERMINALS AND INDICATOR
12. WINDOW SHOWING BATTERY VOLTAGE
13. IN–LINE FUSE ASSEMBLY AND CONTACT FOR +12 VOLT CONNECTOR (TRUCK

HALF OF BATTERY CONNECTOR ONLY) (SBE/SBX CONTACT SHOWN)

2

1

4

5
5

3

8

8
9

6

7

CONNECTOR BODY COLOR
(Anderson SBE Connector Only) (Item 1)

Gray – 36 Volt Battery
Blue – 48Volt Battery

Green – 72 Volt Battery
Black – 80 Volt Battery

ANDERSON SBE OR SBX CONNECTOR

1

12

10
11

12866

INDICATOR INSERT (Item 2)
Green – For Battery With Cell Caps

Gray – For Battery With Sealed Cells

9

FEM CONNECTOR

9

1364973 R0
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FIGURE 3. DRIVE WHEEL MOUNTING (E/J1.25–1.75XL [E25–35XL])

1. LOCK NUT
2. LOCK PLATE
3. WASHER
4. OUTER BEARINGS

5. OIL SEAL
6. INNER BEARING
7. SEAL
8. SPACER

PNEUMATIC STANDARD WIDE TREAD

11456

1

2

3

4 5 6

7
8

REPAIRS

REMOVAL OF THE DRIVE AXLE

1. Remove the battery as described in the PERIODIC
MAINTENANCE section.

2. Remove the mast assembly as described in the section
for THE MASTS. Drain the oil from the differential.
Remove the floor plates.

NOTE: The drive axle can be removed with the traction
motor as one unit. Many service persons remove the
traction motor before the drive axle is removed to
reduce the weight of the unit. See THE FRAME section
for procedures to remove the traction motor. The
procedure in this section will describe removal of the
drive axle after the traction motor has been removed.

3.  Disconnect the brake lines to the wheel cylinders. Put
caps on the open fittings.

4.  E/J1.25–1.75XL (E35–35XL). Disconnect the hand
lever assembly for the parking brake from the cowl.
Loosen the retainer that holds the hydraulic lines and
cables near the floor plate. Carefully slide the hand lever
assembly and cables past the hydraulic lines and electric
wires so that the hand lever assembly and cables can be
removed with the drive axle.

E/J2.00–3.00XL (E/J40–60XL). Disconnect the
parking brake cables at the brakes.

E2.00–3.20XM (E45–65XM) and N30XMH.
Disconnect the return spring from the park brake pedal.
Remove the park brake pedal. Disconnect the park brake
assembly from the frame. Do not remove the mounting
bolts from the park brake assembly. Remove the nuts
and washers so that the bolts will keep the park brake
assembly in one unit. After the park brake assembly has
been removed from the frame bracket, put the nuts and
washers on the bolts.
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20. Make sure that the special lock nut on the pinion has
been tightened to 340 N.m (250 lbf ft). Use a punch with
an 8 mm round tip to lock the special nut on the end of
the pinion shaft. Make sure that the metal from the
special nut contacts the bottom of the slot in the pinion
shaft.

21. Apply liquid sealant to the hub cap and install it in
the transmission case at the end of the pinion nut. Apply
liquid sealant to the access plate and install it on the
transmission case over the speed reducer.

Assembly Of The Drive Axle

1. If the axle spindles were removed from the
differential housing, do this step. Install new O–rings on
the axle spindles. Install the axle spindle into the
differential housing. Install the eight M12 x 1.75 x 35
capscrews and lock washers that fasten each axle
spindle to the differential housing.

FIGURE 19. INSTALL NEW O–RINGS

9588

E/J1.25–1.75XL (E25–35XL): Tighten the capscrews
to 66 N.m (48 lbf ft).

E/J2.00–3.00XL (E/J40–60XL): Tighten the capscrews
to 98 N.m (72 lbf ft).

E2.00–3.20XM (E45–65XM) and N30XMH: Tighten
the capscrews to 90 N.m (66 lbf ft)

2. Apply liquid sealant to the areas where the two
housings are joined. Install the differential assembly
and transmission into the differential housing. The two
M10 x 1.5 x 40 bolts go into the top holes that fasten the
housings together. Install the other six M10 x 1.5 x 30
bolts to fasten the two housings together. Tighten the
bolts to 38 N.m (28 lbf ft).

3. Assemble the brake assembly to the mount for the
axle housing as described in the section for THE
BRAKES.

4. Lubricate the axle spindles with Never Seez and slide
the mount brackets with the brake assembly on the axle
spindles.

NOTE:  The outer wheel bearing is lubricated by gear
oil from the differential housing. The inner wheel
bearing is lubricated by wheel bearing grease. Do not
use too much grease to lubricate the inner wheel bearing
so that grease is pushed past the seal into the area for the
brakes.

5. Install a new oil seal in each hub. Install the oil seal
with the lip toward the outer bearing. Install the inner
bearing and seal as shown in Figures 1 and 2. Put wheel
bearing grease on the inner bearing.

6. Install hub assembly on the axle housing. Be careful
that the seals are not damaged during installation.

FIGURE 20. INSTALL THE LOCK PLATE

9592

7. Install the outer bearing cone on the axle housing.
Install the washer and lock plate. Install the nut. Using
the locknut wrench (HYSTER PART NUMBER
1304091), tighten the nut to 205 N.m (150 lbf ft) while
rotating the hub.  Loosen the nut until the hub turns
freely. The torque must be less than 27 N.m (20 lbf ft).
Tighten the nut to 34 N.m (25 lbf ft) or until the first
alignment position after 34 N.m (25 lbf ft). Bend the
lock plate over the nut.

8. Put liquid sealant on the flange of the axle shaft.
Install the axle shafts.

E1.25–1.75XL (E25–35XL). Install the four M8 x 1.25
x 16 capscrews and tighten them to 20 N.m (15 lbf ft).
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FIGURE 11. SPEED REDUCER AND DIFFERENTIAL

12881

1

2

3

4
5

6

7

8

9

10

1112

13

14

15

88.4 – 89.4 mm
(3.48–3.52 in)

6. BEARING CUP (ALIGNMENT)
7. REDUCTION GEAR
8. BEARING LOCK NUT
9. LOCK RING

10. LOCK NUT
11. EXPANSION PLUG
12. ADJUSTMENT NUT
13. DIFFERENTIAL BEARING CAP
14. DIFFERENTIAL
15. DRIVE GEAR
16. BEARING CUP
17. SHIMS

1. BEARING CAP
2. PINION
3. SPEED REDUCER HOUSING
4. CLUSTER GEAR
5. O–RING

16

17

15. Install the bearing cap for the cluster gear with a 2.54
mm (0.100 in) shim pack and the bearing cup. Install the
capscrews for the bearing cap and tighten them evenly
to 1.2 N.m (10  lbf in) while rotating the gears. Measure
the clearance between the bearing cap and the housing in
three places (near the capscrews). Find the average of
the three measurements. Add 0.15 mm (0.006 in) to the
average measurement. Subtract this dimension from
2.54 mm (0.100 in) to obtain the required shim pack.
Install the shims, O–ring and bearing cap. Use a thread
sealant on the capscrews and tighten the capscrews to 19
N.m (14 lbf ft).

16. Adjust and install the bearing cap for the pinion
using the procedures described in step 15.

17. Apply a bead of sealant (Loctite 515 or equivalent)
to the flange of the axle housing. Install the differential
housing onto the axle housing. Tighten the bolts and
capscrews that fasten the two housings together to 38
N.m (28 lbf ft).

18. If removed, install the axle spindles on the axle
housing, Install new O–rings on the axle spindles. See
FIGURE 12. Install the axle spindle into the axle
housing. Tighten the capscrews to 90 N.m (66 lbf ft).
Lubricate the axle spindles with Never Seez  and slide
the mounts on the axle spindles.

FIGURE 12. INSTALL NEW O–RINGS

9588
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%DWWHULHV WKDW KDYH GLIIHUHQW DPSHUH KRXU UDWLQJV
RU DUH RI GLIIHUHQW DJHV FDQ VRPHWLPHV EH XVHG LQ
WKH VDPH OLIW WUXFN� ,W FDQ EH QHFHVVDU\ WR DGMXVW
WUDFWLRQ)XQFWLRQ�� VR WKDW WKHZHDNHVW EDWWHU\ LV
QRW GDPDJHG� )ROORZ WKH SURFHGXUH IRU DGMXVWLQJ
WUDFWLRQ IXQFWLRQ �� LQ WKH &KHFNV $QG
$GMXVWPHQWV�

��� 'LJLWDO 'LVSOD\�7KLV LQGLFDWRU LV EODQNZKHQ WKH

OLIW WUXFN LV RSHUDWLQJ FRUUHFWO\� 7KH VWDWXV FRGHV
DQG WKH KRXUPHWHU YDOXHV DUH VKRZQ RQ WKLV
IRXU��GLJLW /&' GLVSOD\�:KHQ D IDXOW RFFXUV� WKH
VWDWXV FRGH ZLOO EH VKRZQ ZLWK D GDVK ���� LQ WKH
OHIW GLJLW SRVLWLRQ� 7KH ZDUQLQJ OLJKW� 6HUYLFH
,QWHUYDO ����ZLOO DOVR EH LOOXPLQDWHGZKHQ D IDXOW
RFFXUV�
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GLVSOD\ SDQHO ZLOO DOVR LOOXPLQDWH WR VKRZ ZKLFK PRWRU
KDV ZRUQ EUXVKHV�

7KH 2YHU 7HPSHUDWXUH 6HQVRUV DUH WKHUPDO VZLWFKHV�
7KHVH VZLWFKHV DUH LQ WKH WUDFWLRQ DQG OLIW SXPSPRWRUV�
7KH\ VHQG D VLJQDO WR WKH FRQWURO FDUG RI WKH 3HUIRU�
PDQFH GLVSOD\ SDQHO WR LOOXPLQDWH WKH FRUUHFW LQGLFDWRUV
WR WHOO WKH RSHUDWRU WKDW WKH PRWRU LV WRR KRW� 7KH 2YHU
7HPSHUDWXUHZDUQLQJ LQGLFDWRUZLOO LOOXPLQDWH LI WKHFLU�
FXLW LV RSHUDWLQJ FRUUHFWO\� 0RWRU LQGLFDWRUV RQ WKH GLV�
SOD\ SDQHO ZLOO DOVR LOOXPLQDWH WR VKRZ ZKLFK PRWRU LV
WRR KRW� 7KH FRQWURO FDUG RI WKH 3HUIRUPDQFH GLVSOD\
SDQHO VHQGV D VLJQDO WR WKH WUDFWLRQ FRQWURO FDUG IRU D
VORZHU WUDYHO VSHHG LI HLWKHU PRWRU LV WRR KRW�

5RFNHU 6ZLWFKHV )RU /LJKWV
�6HH ),*85( ����

7KHVH VZLWFKHV DUH 21�2)) VZLWFKHV WKDW FRQWURO WKH
RSWLRQDO IURQW� UHDU DQG RSHUDWRU FRPSDUWPHQW OLJKWV�
5RFNHU VZLWFKHV IRU WKH RSWLRQDO OLJKWV DUH PRXQWHG WR
WKH LQVWUXPHQW SDQHO WR WKH ULJKW RI WKH VWHHULQJ FROXPQ�
5HPRYH WKH FRYHU XQGHU WKH LQVWUXPHQW SDQHO IRU DFFHVV
WR WKH XQGHU VLGH RI WKH LQVWUXPHQW SDQHO RU VZLWFK
PRXQWLQJ VXUIDFH� 5HSODFH D VZLWFK DV GHVFULEHG LQ WKH
IROORZLQJ SDUDJUDSKV�

�� 'LVFRQQHFW WKH EDWWHU\ DQG UHPRYH WKH NH\�

�� 3XW WDJV RQ WKH VZLWFK ZLUHV� RU ZLUH KDUQHVV IRU FRU�
UHFW LGHQWLILFDWLRQGXULQJ LQVWDOODWLRQ�5HPRYH WKHZLUHV
IURP WKH VZLWFK WHUPLQDOV�

�� 8VH D IODW EODGH VFUHZ GULYHU RU RWKHU VLPLODU WRRO DQG
SUHVV LQ RQ WKH UHWDLQHU FOLSV DW HDFK VLGH RI WKH VZLWFK�
5HPRYH WKH VZLWFK IURPWKH IDFHRI WKH LQVWUXPHQWSDQHO
RU VZLWFK PRXQWLQJ VXUIDFH ZKLOH KROGLQJ WKH UHWDLQHU
FOLSV LQ WKH ´UHOHDVHGµ SRVLWLRQ�

��5HPRYH WKH VZLWFK DQG LQVWDOO WKH UHSODFHPHQW VZLWFK
LQ WKH SDQHO� 0DNH VXUH WKH VZLWFK LV LQ WKH FRUUHFW SRVL�
WLRQ IRU UHDGLQJ E\ WKH RSHUDWRU�
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TABLE 4. Terminal And Plug Wire Connections For Controller With SCR Control Of Traction Circuit 
And SCR Control Of The Hydraulic Pump Motor — Control Card – Type ZP

Plug or
Terminal

No.
Wire Color or
Wire Number Function

PA1
PA2
PA3
PA4
PA5
PA6

GRN/GRY
DK–BLU/YEL

ORN/PNK
DK–BLU/PNK

GRN/PUR
ORN/YEL

Signal wire between pump control card and brush wear indicator,steering pump.
Signal wire between pump control card and brush wear indicator,steering pump.
Signal wire between pump control card and temperature switch, traction motor).
Signal wire between pump control card and brush wear indicator, traction motor.
Signal wire between pump control card and brush wear indicator, traction motor.
Signal wire between pump control card and temperature sw. of hyd. pump motor.

PB1

PB2

PB3
PB4
PB5
PB6

DK–BLU/GRY

GRN/PNK

50
—
—
—

Signal wire between hydraulic pump control card and brush wear indicator,
hydraulic pump motor.
Signal wire between hydraulic pump control card and brush wear indicator,
hydraulic pump motor.
Battery Discharge Indicator enable signal input.
Not used.
Not used.
Not used.

TB1
TB2
TB3
TB4

TB5
TB6

—
GRY

DK–BLU/GRN
10

—
DK–BLU

Not used.
Input to TILT and low speed auxiliary hydraulic functions.
Input to low speed LIFT hydraulic function and 
high speed auxiliary hydraulic functions.
Key switch input. Battery voltage supply from key switch.
Not used.
Input to high speed LIFT hydraulic function.

PY1
PY2
PY3
PY4
PY5
PY6
PY7
PY8
PY9

PY10

PY11

PY12

PY13
PY14

—
—
—

BLK–3
WHT–3

—
—
—
—

BRN/ORN

BRN/PNK

BRN/WHT

WHT–4
BLK–4

Not used.
Not used.
Not used.
Instrument panel display number 10 input (ground).
Instrument panel display number 2 input.
Not used.
Not used.
Not used.
Not used.
Signal wire between hydraulic pump control card and traction control card
(brush wear indicators, all motors).
Signal wire between hydraulic pump control card and traction control card
(brush wear indicators, all motors).
Signal wire between hydraulic pump control card and traction control card 
(temperature switches, hydraulic pump motor and traction motor).
Instrument panel display number 7 input.
Instrument panel display number 6 input.

PZ1
PZ2
PZ3
PZ4
PZ5
PZ6
PZ7
PZ8
PZ9

PZ10
PZ11
PZ12
PZ13
PZ14

BLK
BRN
YEL
GRN
GRY

–
WHT

BLU/WHT
BLU

WHT/RED
RED

WHT/PUR
PUR
ORN

Signal wire from SCR 1 thermal protector.
Battery negative.
Signal wire from current sensor.
Signal wire from current sensor.
Signal wire from SCR 1 thermal protector.
Not used.
Battery positive.
Signal wire to SCR 1 gate.
Signal wire from SCR 1 cathode.
Signal wire to SCR 2 gate.
Connection between filter for SCR 2 and control card.
Signal wire to SCR 5 gate.
Connection between filter for SCR 5 and control card.
Sensor wire for voltage check across capacitor C1.
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Function Number 21
MAINTENANCE SPEED LIMIT
(Push CONT and 6)

This register can be set by the service person to control
the speed limit (maximum battery volts to the motor)
when the Maintenance Alert (Status Code –99) is acti-
vated by the control card. The range for this register is 0
to 180.

Function Numbers 22 through 28
TEMPORARY DATA REGISTERS

These registers can be read with the Hand Set, but the
data in them changes during lift truck operation. Do not
change the parameters in registers for Function numbers
22 through 27. Function number 28 is the fault indi-
cator pointer and must be set to zero when all faults
or malfunctions have been fixed or removed from
the controller.

CAUTION
Function 25 (temporary storage register for fault
data) and Function 26 (temporary storage register
for battery charge data) must not be changed by the
user to any number above zero. Any number above
zero can cause the instrument panel display to not
operate correctly and the lift truck can become dis-
abled.

Function Number 29
HOURMETER (Tens/Units)
(Push CONT and 14)

This register has the data for the accumulated operating
hours of the lift truck. This register is not normally
changed unless a new control card is installed. If a new
control card is installed, the total hours from the old con-
trol card must be entered so that the total operating hours
of the lift truck is correctly recorded.

Function Number 30
HOURMETER (Thousands/Hundreds)
(Push CONT and 15)

This register has the data for the accumulated operating
hours of the lift truck. This register is not normally
changed unless a new control card is installed. If a new
control card is installed, the total hours from the old con-

trol card must be entered so that the total operating hours
of the lift truck is correctly recorded.

Function Number 48 Through Function Number 62
SET LIFT TRUCK PERFORMANCE.

If the lift truck is equipped with a Premium instrument
panel, the lift truck can be set to four performance levels
by the operator. (If the customer does not want this func-
tion available to the operator, a service person can set all
four levels to the same setting.) Each time the operator
pushes the button on the instrument panel, the perfor-
mance level will increase by one step. At the maximum
(rabbit) level, the performance levels will begin at the
lowest (turtle) level again. The four performance levels
set by the manufacturer are:

a. Low performance for handling fragile loads.

b. Medium speed for less consumption of battery
charge during a work shift.

c. Higher performance with higher consumption of
battery charge during a work shift.

d. Maximum lift truck performance with higher
consumption of battery charge.

The four performance levels can be set to any level up to
the maximum limits. Two or more adjacent perfor-
mance levels can be set to the same limits. The perfor-
mance levels must be set at the same or in ascending or-
der (from turtle to rabbit). The register interlocks will
not permit a higher performance level setting toward the
turtle than the adjacent registers toward the rabbit.

NOTE: The Seat Switch must be CLOSED for Func-
tion Numbers 48 through 62.

Function Number 48
CONTROLLED ACCELERATION AND 1A
TIME
(Push CONT and 1 while the key switch and seat
switch are closed)

This register permits the adjustment of the maximum
rate of acceleration in MODE 1 (Turtle). The parameter
determines the time allowed to reach maximum SCR
speed after the accelerator is set for maximum speed
from stop. The control will stay in SCR acceleration for
3.5 seconds (setting 40) before the 1A contactor will
close. The numbers in () are the parameters for the times
shown. The 1A contactor will automatically close 0.2
second after the controlled acceleration stops. The
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TABLE 6. REGISTER MAP FOR CONTROL CARDS ZH AND ZY (TRACTION) (Continued)

EEPROM
Register
Number

PC 
Function
Number

Hand
Set (HS)
Function
Number

Function Access
By: Restrictions

37 38 BDI 2 PC Only Reset to Zero only

38 39 Hours (Tens/Units) 2 PC Only Reset to Zero only

39 40 Hours (Thousands/Hundreds) 2 PC Only Reset to Zero only

40 41 Fault 3 PC Only Reset to Zero only

41 42 BDI 3 PC Only Reset to Zero only

42 43 Hours (Tens/Units) 3 PC Only Reset to Zero only

43 44 Hours (Thousands/Hundreds) 3 PC Only Reset to Zero only

44 45 Fault 4 PC Only Reset to Zero only

45 46 BDI 4 PC Only Reset to Zero only

46 47 Hours (Tens/Units) 4 PC Only Reset to Zero only

47 48 Hours (Thousands/Hundreds) 4 PC Only Reset to Zero only

48 49 Fault 5 PC Only Reset to Zero only

49 50 BDI 5 PC Only Reset to Zero only

50 51 Hours (Tens/Units) 5 PC Only Reset to Zero only

51 52 Hours (Thousands/Hundreds) 5 PC Only Reset to Zero only

52 53 Fault 6 PC Only Reset to Zero only

53 54 BDI 6 PC Only Reset to Zero only

54 55 Hours (Tens/Units) 6 PC Only Reset to Zero only

55 56 Hours (Thousands/Hundreds) 6 PC Only Reset to Zero only

56 57 Fault 7 PC Only Reset to Zero only

57 58 BDI 7 PC Only Reset to Zero only

58 59 Hours (Tens/Units) 7 PC Only Reset to Zero only

59 60 Hours (Thousands/Hundreds) 7 PC Only Reset to Zero only

60 61 Fault 8 PC Only Reset to Zero only

61 62 BDI 8 PC Only Reset to Zero only

62 63 Hours (Tens/Units) 8 PC Only Reset to Zero only

63 64 Hours (Thousands/Hundreds) 8 PC Only Reset to Zero only

64 65 Fault 9 PC Only Reset to Zero only

65 66 BDI 9 PC Only Reset to Zero only

66 67 Hours (Tens/Units) 9 PC Only Reset to Zero only

67 68 Hours (Thousands/Hundreds) 9 PC Only Reset to Zero only

68 69 Fault 10 PC Only Reset to Zero only

69 70 BDI 10 PC Only Reset to Zero only

70 71 Hours (Tens/Units) 10 PC Only Reset to Zero only

71 72 Hours (Thousands/Hundreds) 10 PC Only Reset to Zero only

72 73 Fault 11 PC Only Reset to Zero only

73 74 BDI 11 PC Only Reset to Zero only

74 75 Hours (Tens/Units) 11 PC Only Reset to Zero only

75 76 Hours (Thousands/Hundreds) 11 PC Only Reset to Zero only
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Status Code

–08
Description

Accelerator input voltage is too low after the
key switch is closed.

Cause Of Status Indication
This Status Code will be indicated when the
accelerator input voltage at TB1 is less than

3.0 volts and the battery connector, or the seat
switch or the key switch are opened and

closed.

Memory Recall

No

Circuit

Traction

Indication of Fault

Forward or Reverse contactor will not close.

Possible Cause

Accelerator potentiometer has a malfunction or
needs adjustment.

The correct output voltage at TB1 is more than 3.0
volts. Repair or adjust the accelerator potentiometer
so that it will correctly change from 3.5 to less than 0.5
volts (minimum 0.30 volts) when the accelerator
pedal is actuated.

Short–circuit between battery negative and TB1 in
the accelerator input circuit.

Disconnect wire from TB1. Check for short–circuit
from the end of the wire to battery negative. The
correct resistance is greater than 4.7k ohms.

Control card malfunction.

Disconnect the wire from TB1 and measure the
voltage between TB1 and battery negative. The
correct voltage is greater than 4.5 volts. If the voltage
is wrong, replace the control card.

NEGATIVE

ACCELERATOR
POTENTIOMETER

TB1 PZ6

Status Code

–09
Description

Both FORWARD and REVERSE direction
switches are closed at the same time.

Cause Of Status Indication

This Status Code will be indicated when TB5
and TB6 are greater than 60% of battery

voltage at the same time.

Memory Recall

No

Circuit

Traction

Indication of Fault

Forward or Reverse contactor will not close.

Possible Cause

FORWARD or REVERSE direction switches
are welded closed or need adjustment.

Replace or adjust the direction switches to make
sure that they are both open when the direction
control lever is in NEUTRAL..

Short–circuit between battery positive and TB5
or TB6.

Disconnect the wires from TB5 and TB6 and
check for a short–circuit between the end of the
wire and the battery positive side of the direction
switch.

Control card malfunction.

Disconnect the wires and measure the voltage at
TB5 and TB6. The correct voltage will be less
than 60% of battery voltage.

TB2

TB6

REVERSE
SWITCH

TB5 FORWARD
SWITCH

NEGATIVE

ACCELERATOR
POTENTIOMETER

TB1 PZ6



Status Code Charts

15

Status Code

–51
Description

Voltage on C1 too high when motor current is
high.

Cause Of Status Indication

This Status Code will be indicated when
the voltage on C1 is greater than 225
volts and the motor current is greater

than 300 amps.

Memory Recall

Yes

Circuit

Traction

Indication of Fault

Forward or Reverse contactors open and close, then
will only close when the key switch is opened and

closed.

Possible Cause

Too much inductance from cables.

Check that the battery cables are too long.

Check that additional cables for other equipment
have been added.

Motor current too high.

Check for a short–circuit a field winding.

Check for a short–circuit across an armature winding.

F

F

R

R

A2

A2

A1

NEGATIVE

SUPPRESSOR
D3

T2

SCR 1

CURRENT
SENSOR

C1

+

–

Status Code

–52
Description

Voltage on C1 too high when motor current is
low.

Cause Of Status Indication
This Status Code will be indicated when the
voltage on C1 is greater than 225 volts and

the motor current is less than 200 amps.

Memory Recall

Yes

Circuit

Traction

Indication of Fault

Forward or Reverse contactors open and close, then
will only close when the key switch is opened and

closed.

Possible Cause

Too much inductance from cables.

Check that the battery cables are too long.

Check that additional cables for other equipment
have been added.

Malfunction of diode D4 circuit.

Check for a short–circuit across D4.

Check for an open circuit or loose connection in the
D4 circuit.

Malfunction of diode D3 circuit.

Check for an open circuit or loose connection in the
D3 circuit.

F

F

R

R

A2

A2

A1

NEGATIVE

D3

T2

SCR 1

CURRENT
SENSOR

C1

+

–

D4
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Status Code

–125
Description

Hydraulic pump contactor does not open or
opens slowly.

Cause Of Status Indication
This Status Code will be indicated when T2

voltage is greater than 12% of battery
voltage and the electronic driver for the

hydraulic pump is energized.

Memory Recall

No

Circuit

Hydraulic Pump

Indication of Fault

Contacts wear quickly on contactor 1A or the
hydraulic pump contactor.

Possible Cause

NOTE: This status code can only be seen by using
the Hand Set or a PC and looking at Function 1. This
status code is added as help when trouble shooting

status code 146.

Coil for contactor 1A is damaged.

Do the checks in code –146.

SCR 1

POS

T2

Status Code

–141
Description

Open thermal protector or motor controller is too
hot.

Cause Of Status Indication
This Status Code will be indicated when the
voltage between PZ1 and PZ5 is greater 1.8

volts.

Memory Recall

No

Circuit

Hydraulic Pump

Indication of Fault
The hydraulic pump motor has reduced power on no

power in the SCR range.

Possible Cause

Open circuit, thermal protector.

Check for a loose or broken wire between the following
points:
Black wire between thermal protector and PZ1
Gray wire between thermal protector and PZ5.

Malfunction of thermal protector.

Disconnect the wires from PZ1 and PZ5. When the
temperature is approximately 25°C (75°F), measure
the resistance between the black and gray wire. The
correct resistance is approximately 300 ohms.

Thermal protector is operating because motor
controller is too hot.

Permit the motor controller to cool.

PZ1

PZ5
THERMAL

PROTECTOR

BLK

GRY
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or you will damage the SCR. Make sure the polarity of
your test circuit is correct.

THE SCR ASSEMBLY

The SCR assembly cannot be disassembled. The SCR
assembly includes an SCR fastened between two metal
blocks used as heat sinks. The heat sinks are also the
power connections for the SCR. A plastic case holds the
complete assembly. There is a thin sheet of electrical in-
sulation between the SCR 1 assembly and the base plate.
The insulator permits heat to transfer from the heat sinks
to the base plate.

NOTE:  Silicon compound (Part No. 1198757) is used
between the heat sinks and the parts of the controller.
The purpose of this compound is to fill in the microme-
ter size spaces between the parts to give better heat flow.
Always use a very thin layer of compound between the
parts. Too much compound will be an insulator and
cause both electrical and heat faults. It is better to use no
compound instead of too much. DO NOT USE this sili-
con compound on the threads of the diodes.

THERMAL PROTECTOR

The SCR 1 has a thermal protector fastened to the cath-
ode heat sink. See FIGURE 2. The thermal protector is a
resistor that changes resistance when the temperature
changes. When the temperature is greater than 85°C
(185°F), the thermal protector changes the signal volt-
age to the control card. The control card decreases the
percent of ON time to decrease the SCR 1 temperature.
The normal resistance for the thermal protector is 120 to
150 ohms at 18°C (65°F) when measured between pins
PZ1 and PZ5.

REPLACE THE SCR 1 ASSEMBLY

1. Make notes of the positions of the suppressors and re-
move the suppressors from the mount over SCR 1. Dis-
connect the electric connections to the SCR 1 assembly.

2. Remove the thermal protector from the heat sink. Re-
move the two capscrews that connect the power cables
to the heat sinks (make a note of the cathode sensor
wire). Remove the two mounting screws that hold the
SCR 1 assembly to the base plate.

3. Check the insulator between the SCR 1 assembly and
the base plate. Replace the insulator if it is damaged. The

insulator is also a heat conductor. Use a very thin coat of
silicon compound (Part Number 1198757 or approved
equivalent) between the surfaces of the parts. Keep dirt
from the surfaces.

CAUTION
The insulator is very thin. Dirt between the surfaces
of SCR 1 and the base plate can damage the insulator
and cause a short–circuit.

4. Install the new SCR 1 assembly. Make sure the heat
sinks make full contact with the insulator and base plate.
Check the resistance between both heat sinks and the
base plate with an ohmmeter. A correct installation will
indicate infinity on the ohmmeter.

5. Install the electrical connections to the SCR 1 assem-
bly. Install the thermal protector on the heat sink.

6. Install the mount and the suppressors over the SCR 1
assembly. Make sure the connections are made cor-
rectly.

THE “OFF” CIRCUIT FOR SCR 1

WARNING
Make sure you disconnect the battery and separate
the connector before you disassemble any part of the
controller. Make sure you also discharge capacitor
C1.

The “OFF” circuit for SCR 1 has the following parts:

Reactor assembly (Inductor L1 and 1X)

SCR 2

SCR 5

Suppressors for SCR 2 and SCR 5

Capacitor C1

The inductor and a capacitor assembly generates the re-
verse polarity voltage to change the SCR 1 to OFF for
each pulse. SCR 2 and SCR 5 control the operation of
the “OFF” circuit. The suppressors protect the SCRs
from electrical noise.

Check The Reactor Assembly

The reactor assembly is in a plastic case that fastens to
the base plate. The connections for the reactor are under
the mount for the suppressors and are difficult to check
with an ohmmeter. A fault does not often occur in the
reactor assembly. Most faults that do occur at the reactor
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The SCR 1 “OFF” Circuit

A special circuit is necessary to generate a momentary
interruption in current flow to change SCR 1 to OFF.
The parts of this circuit are the capacitor C1, inductor as-
sembly L1, SCR 2, and SCR 5. SCR 2 discharges the ca-
pacitor C1 to the cathode of SCR 1. This discharge
changes SCR 1 to OFF. SCR 5 and the inductor L1 are
used to charge the capacitor C1 with the correct polarity.

An SCR controller uses the principle of self–induction
in its operation. It is important to remember that self–in-
duction is like a flywheel in a mechanical device. When

É
É
É
É
É

FIGURE 5. OPERATION OF THE SCR 1 “OFF”
CIRCUIT (1 of 3)

+

–

SCR 1

SCR 5

SCR 2

L1

TO MOTOR
CIRCUIT

C1
+

The operation of the SCR 1 “OFF” circuit is
described in the following steps:

a. When the battery is first connected, the top
plate of C1 is connected to battery positive. The
direction contactor is closed in preparation to
operate the lift truck. C1 can not charge
immediately to battery voltage because there is
no electrical path to the bottom plate. C1 will
slowly charge to battery voltage in approximately
four minutes because there is a high resistance
path through the control card. The SCRs are not
ON.

the torque is increased or decreased in a mechanical de-
vice, the flywheel gives a resistance to any change in
speed. Self–induction does the same function in an elec-
tric circuit and resists any change in current flow.

The current flow through the motor circuit creates a
magnetic field around the power cables. When SCR 1 is
changed to OFF, this magnetic field decreases rapidly
and creates an induction voltage that is proportional to
the current flow. At maximum current flow, this induc-
tion voltage can be greater than 300 volts when meas-
ured across the capacitor C1.

NOTE: The inductor L2 shown in step d of FIGURE 5.
is not a component in the motor controller. The inductor
L2 is the symbol for the inductance caused by the power
cables when electric current flows through them as de-
scribed in the above paragraph.
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É
É
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ÉÉ
ÉÉ

+

–

SCR 1

SCR 5

SCR 2

L1

TO MOTOR
CIRCUIT

C1
+
–

b. A signal is sent to SCR 2 to go ON, which
closes the electrical path to the bottom plate of
C1. This action leaves the bottom plate of C1
equal to battery negative and C1 is charged to
battery voltage. When C1 is charged, SCR 2 goes
OFF because there is no current flow.

FIGURE 5. OPERATION OF THE SCR 1 “OFF”
CIRCUIT (2 OF 3)
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TABLE 1. Terminal And Plug Wire Connections For TMM1 Module

Input
Terminal

No.
Function

Output
Terminal

No.
Actuation Output

Voltage
Fault
Code

TB1
TB2
TB3
TB4
TB5
TB6
TB7
TB8
TB9
TB10
TB11
TB12
TB13
TB15

Signal wire for temperature switch, traction motor.
Not Used.
Signal wire for temperature switch, hydraulic pump motor.
Not Used.
Signal wire for brush wear indicator,steering pump.
Signal wire for brush wear indicator,steering pump.
Not Used
Signal wire for brush wear indicator, traction motor.
Not Used
Signal wire for brush wear indicator, traction motor.
Signal wire for brush wear indicator, hydraulic pump motor.
Signal wire for brush wear indicator, hydraulic pump motor.
5–volt supply
Battery negative

TB7
—

TB7
—

TB9
TB9
—

TB9
—

TB9
TB9
TB9

Battery –
—

Battery –
—

Battery –
Battery –

—
Battery –

—
Battery –
Battery –
Battery –

0.6 volts
—

1.6 volts
—

0.6 volts
0.6 volts

—
1.6 volts

—
1.6 volts
2.3 volts
2.3 volts

90
—
91
—
93
93
—
94
—
94
95
95

DISPLAY PANELS

WARNING
Some adjustments can cause the lift truck to operate
differently than normal. This different operation of
the truck can result in personal injury or damage. Do
NOT try to make adjustments for the instrument
panel display without using the procedures in the
section EV–100/200ZX MOTOR CONTROLLER
Parameter Tables, 2200 SRM 595.

Display Panel

There are two display panels available on lift trucks with
the EV–100ZX SCR motor controller. Some lift trucks
can only have one of the two panel displays:

• a basic display that gives the operator basic in-
formation about the operation of the lift truck

• a performance display that includes diagnostic
capabilities similar to the Hand Set.

Basic Display (See FIGURE 17.)

The EV–100 “ZX” Series motor controller can have two
Basic display panels that includes one of two types of
Battery Indicators.

EARLY DISPLAY PANEL

When the key switch is turned to the ON position, a start
program will cause each warning light to illuminate to
show that the function is operating. This early display
panel has the following functions:

(1)Hourmeter. The hourmeter display shows the
operating time of 0000 to 9999 hours. The time

for the traction circuit is shown for four seconds
after the lift truck has been operating and the key
is turned to the OFF position.

(2)Voltmeter. The earlier Basic Display Panel has a
battery indicator without lift interrupt (volt-
meter). This meter has a green, yellow and red
band on the meter face to indicate the voltage of
the battery. The needle starts in the green band
with a fully charged battery and moves to the red
band as the battery discharges. The battery must
have a current draw (load) to check the battery
charge. Hold the tilt lever in the tilt BACKWARD
position or for the N30XMH, hold the rotate lever
in the ROTATE position and look at the indicator.
If the needle is in the red band, charge the battery.
Operating the lift truck with the needle in the red
band can decrease battery life. Continued opera-
tion with a discharged battery can damage the
battery, motors or the contactors.

(3)Warning light, parking brake indicator.  The
red light is ON when the parking brake is applied
and the seat switch is closed. and goes OFF when
the parking brake is released.

(4)Warning light, brake fluid reservoir is low
(Early Only). The red light is ON for one second
when the key switch is turned to the START posi-
tion and must go OFF after one second. If the
warning light is ON during operation, the brake
fluid level in the reservoir is too low.
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Type ZH (36 to 48V) (Continued) Default Permitted Range

Fcn.
No.

Description Factory
Parameter

Factory
Value

Min/Max
Parameter

Value (Min/Max)

53 FW Pick–Up Current 0 None Fcn. No. 49 Fcn. No. 57

54 Speed Limit 1 0 None Fcn. No. 58 Fcn. No. 50

55 Not Used

MODE 3

56 Controlled Acceleration 20 1.8 sec Fcn. No. 60 Fcn. No. 52

57 FW Pick–Up Current 36 110 amps Fcn. No. 53 Fcn. No. 61

58 Speed Limit 1 0 None Fcn. No. 62 Fcn. No. 54

59 Not Used

MODE 4

60 Controlled Acceleration 10 0.94 sec 8 Fcn. No. 56

61 FW Pick–Up Current 83 185 amps Fcn. No. 57 110

62 Speed Limit 1 0 None 0 Fcn. No. 107

The following registers store information used by the controller and the HYTECH software and do not have
function numbers assigned.

Not Used

Secure Hourmeter (tens/units) Read Only

Secure Hourmeter
(thousands/hundreds)

Read Only

Secure Auxiliary Hourmeter
(tens/units)

Read Only

Secure Auxiliary Hourmeter
(thousands/hundreds)

Read Only

Reserved for use by GE GE Use Only

Reserved for use by GE GE Use Only

Reserved for use by GE GE Use Only

Reserved for use by GE GE Use Only

Lift Truck Serial Number

Lift Truck Serial Number

Lift Truck Serial Number

Lift Truck Serial Number

Lift Truck Serial Number

Lift Truck Serial Number

Lift truck number assigned by
user (tens/units)

0 to 99

Lift truck number assigned by
user (thousands/hundreds)

100 to 9900
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TABLE 5. EV–100ZX Parameters – E2.00–3.20XM (72 to 80V) (Low Energy Usage)
(Traction Card Type ZY With 9–inch Motor, Regenerative Braking and NO Field Weakening)

Default Permitted Range

Fcn.
No.

Description Factory
Parameter

Factory
Value

Min/Max
Parameter

Value (Min/Max)

1 Stored Statue Code 01 — 01/255 —

1 Any number other than “zero” can be read as a possible fault.

2 Creep Speed 0 5% 0/255 5% to 15%

3 Controlled Acceleration and 1A
Time

30 2.6 sec 8/255 0.77 to 22 seconds

4 Current Limit (C/L) 125 max. amp 0/130 max. amperes

5 Plugging Distance (Current) 50 357 amp 0/55 200 to 373 amperes

6 1A Drop–Out Current 12 489 amp 0/2502 450 to 1260 amperes

2 Settings greater than 250 will disable the 1A Drop–Out function

7 Field Weakening Pick–Up
(Current)

N/A N/A N/A N/A

8 Field Weakening Drop–Out
(Current)

N/A N/A N/A N/A

9 Regenerative Braking Current
Limit

50 185 amp 0/55 75 to 196 amp

10 Regenerative Braking Start 
(% ON time)

10 3.70% 0/255 0% to 96% of battery
voltage

11 Speed Limit 1 (maximum motor
speed, Voltage with NC switch

open)

0 96% of
batt. volts

0/180 96% to 0% of battery
voltage

12 Speed Limit 2 (maximum motor
speed, Voltage with NC switch

open)

0 96% of
batt. volts

0/180 96% to 0% of battery
voltage

13 Speed Limit 3 (maximum motor
speed, Voltage with NC switch

open)

120 64% of
batt. volts

0/180 96% to 0% of battery
voltage

14 Internal Resistance
Compensation

123 — 5/25 —

3 Average value for most batteries. See procedure for more accurate value.

15 Battery Volts 75 72 V 70/80 72 volt operation

15 Battery Volts 85 80 V 81/183 80 volt operation

16 Pedal Position Plugging 40 228 amp 0/85 100 to 373 amperes

17 Card Type Selection 42 42 Select control card with
correct functions:
Regen. Braking

18 Steering Pump Time Delay 
(Seat Switch)

25 14 sec 0/128 1.5 to 65 seconds

19 Maintenance Alert (hours) 99 0 to 99

20 Maintenance Alert (hours) 99 100 to 9900
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REPAIRS

OVERHEAD GUARD

WARNING
Do not weld, drill, grind or cut the overhead guard
for mounts for lights or accessories. The strength of
the overhead guard can be reduced.

Removal (See FIGURE 5.)

1. Remove the battery as described in the section PERI-
ODIC MAINTENANCE, 8000 SRM 552 or the PE-
RIODIC MAINTENANCE (N30XMH), 8000 SRM
555 under “How to Change the Battery”.

2. Access to the capscrews that hold the rear legs of the
overhead guard to the frame is from the battery compart-
ment. Remove the two capscrews that fasten each leg.

3. Remove the three M12 capscrews and washers that
hold each front leg of the overhead guard to the cowl.
Disconnect any electric wires from under the cowl that
go through the front legs of the overhead guard. When
the overhead guard is lifted from the frame, make sure
these electric wires move through the holes in the frame
at the front and rear so that they are not damaged.

4. Use a lifting device or another person to help lift the
overhead guard from the lift truck.

Installation (See FIGURE 5.)

If necessary, align the attachment plate on each front leg
and install the set screws. Put the overhead guard on the
lift truck. Install any electric wires from the overhead
guard legs through the holes in the frame. Install the
three M12 capscrews and washers that hold each front
leg to the frame. Tighten the capscrews. Install the
capscrews, washers and nuts that hold the rear legs to the
frame. Tighten the capscrews. Install the battery.

BATTERY RESTRAINT AND SEAT
ASSEMBLY

WARNING
On units with a shorter frame, the gas spring for the
hood can raise the hood at a rapid rate and cause an
injury. Do NOT get over hood when raising hood.

1. SEAT
2. HIP RESTRAINT
3. SEAT BELT AND

MOUNT
4. HOOD
5. SEAT RAILS
6. SEAT PLATE (WITH

SEAT BRAKE)

FIGURE 6. SEAT ASSEMBLY

1

5

4

4

6

1

4

23

23

5

A battery restraint system is installed as a safety device.
See FIGURE 3. The function of the battery restraint sys-
tem, when correctly locked in the down position, is to
hold the battery in the battery compartment if an acci-
dent causes the lift truck to tip over. The battery restraint
is a steel weldment that is connected to the frame with a
hinge. A sliding latch mechanism (see FIGURE 4.)
locks the battery restraint in the down position for op-
eration. The latch, at the top center of the counterweight,
unlocks the battery restraint from the frame so that the
battery restraint can be raised to the up position for ac-
cess to the battery. The battery restraint is also the sup-
port for the hood. A gas spring helps lift the hood assem-
bly. A rod is used to hold the hood in the up position on
units with a longer frame. The operator must hold the
hood assembly with one hand. Use the other hand to
move the rod to the storage position. Lower the hood
and battery restraint assembly to the operating position.
Make sure that the battery restraint is correctly locked to
the frame for operation of the lift truck.
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INTRODUCTION

GENERAL

This section has a description and the service proce-
dures for the parts of the frame. These parts include the
frame, counterweight assembly, overhead guard, hood
and seat assembly, access panels, and label positions.
The procedure for removing the traction motor is also
described in this section.

DESCRIPTION

Main Frame (See FIGURE 1.)

The main frame is a single weldment. The main frame
has mounts for the following: 1) counterweight, 2) over-
head guard, 3) battery restraint and hood, 4) tilt cylin-
ders, 5) steering axle, 6) drive axle assembly, 7) cowl as-
sembly, 8) floor pedals and floor plates, 9) side step and
fender weldments, 10) hydraulic tank, pump and motor
assemblies, 11) control valves and 12) the levers. The
hood is part of the operator and battery restraint system.
The seat is part of the operator restraint system. The
floor plates can be removed for access to components.
The panels on the sides of the battery compartment can
also be easily removed. The hydraulic tank, lift pump
motor assembly and the steering pump motor assembly
are in a compartment between the battery and the
counterweight. The SCR (silicon controlled rectifier) or
transistor electronic controllers and contactors are in the
top of the counterweight. The top cover of the counter-
weight can be removed for access to the controllers and
contactors. See FIGURE 3.

There are two main frames for lift trucks made for use in
North America and two main frames for lift trucks made
for use in Europe. The frames are different because of
the different battery compartment sizes. There are two
battery compartment lengths. The battery compartment
widths are also different for Europe and North America.
See BATTERY SPECIFICATIONS, at the back of this
manual.

The weight of the battery is a large part of the counter-
weight system on an electric lift truck. Make sure that
the battery is within the weight limits indicated on the
nameplate. Each model of lift truck has a cast–iron
counterweight that provides the additional weight nec-
essary for the indicated capacity.

Other Frame Weldments (See FIGURE 1.)

These frame parts are the right–hand and left–hand side
step and fender weldments, and the cowl weldment.
Each part is a weldment fastened to the main frame to
make the frame assembly. The cowl weldment is a
mount for the front of the overhead guard (see
FIGURE 3.), the steering column assembly (see
FIGURE 4.), the release linkage of the parking brake
and the instrument panel with light switches. The dis-
play panel (see FIGURE 4.) is not part of the instrument
panel. The steering column housing is the mount for the
display panel assembly.

Overhead Guard (See FIGURE 3.)

WARNING
Do not operate the lift truck without the overhead
guard and cowl correctly fastened to the lift truck.

The overhead guard is a weldment that fastens to the
main frame and cowl to help protect the operator from
falling objects. A slot in the overhead guard permits re-
moval of the battery without removing the overhead
guard.

Battery Restraint, Hood And Seat Assembly
(See FIGURE 2., FIGURE 6. and FIGURE 7.)

�������
The hood and battery restraint as well as the latch
for the hand lever assembly must operate correctly
before a lift truck is operated. These parts are part of
the battery restraint system. The battery restraint
system must operate correctly to help provide
reasonable protection to the operator if the lift truck
tips over.

A battery restraint system is installed as a safety device.
See FIGURE 7. The function on the battery restraint
system is to hold the battery in the battery compartment
in case of a tip over. Part of the battery restraint system is
a battery restraint at the rear of the battery compartment.
See FIGURE 6. This restraint rod extends over the rear
edge of the battery case to help hold the battery within
the battery compartment during a tip over. A handle is
used to move the restraint rod. The handle of the battery
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HYDRAULIC TANK

Tank Removal (See FIGURE 10.)

1. Turn the key to the OFF position and remove the key.

WARNINGWARNING
Never put tools or other metal on the battery. Metal
on the battery can cause a short circuit and possible
damage or injury.

2. Open the hood and install a cardboard or plywood
cover on the top of the battery to prevent accidental short
circuits.

2

FIGURE 10. J2.00–3.20XM (J40–65XM)
HYDRAULIC TANK ASSEMBLY

1. HYDRAULIC TANK
2. FILTER
3. MOUNT BRACKET ASSEMBLY
4. FILL CAP/BREATHER/DIPSTICK
5. RETURN TO TANK
6. RETURN FROM SYSTEM
7. DRAIN PLUG
8. LIFT PUMP SUPPLY PORT
9. STEERING PUMP SUPPLY PORT

1

4

3

5

6

68

9

7

3. Turn the steering wheel for a full left turn for access to
the drain plug near the front of the right rear wheel.
Install a container under the drain plug of the hydraulic

tank with enough capacity. See the SPECIFICATIONS
table at the back of this section.

4. Remove the drain plug and let the oil drain from the
hydraulic tank. Install and tighten the drain plug.

5. Remove and install plugs in all the hoses fastened to
the hydraulic tank. Remove the breather/dipstick/fill
cap and install a plug in the opening of the fill tube.

6. Remove the screws from the bracket that fastens the
bracket holding the hydraulic tank in the truck frame.
See item 3 of FIGURE 10. Remove the bracket assem-
bly.

7. Carefully lift the hydraulic tank up out of the frame.

8. Make repairs to the hydraulic tank.

Tank Inspection

Make a visual inspection of all sides of the tank. Inspect
the welds for cracks and leakage. Check for wet areas,
accumulation of dirt, and loose or missing paint caused
by leakage. Areas of the tank that are not easily seen can
be checked with an inspection mirror and a light that is
approved for locations with flammable vapors.

The hydraulic tank is a separate sheet metal tank and can
be removed from the lift truck if necessary to check for
leaks or for replacement. Repairs for leaks in the hy-
draulic tank can require special procedures described in
the next paragraphs. The most common cause of leaks is
from rust caused by the moisture of condensation. Drain
any water out of the tank by removing the drain plug and
letting the tank drain until there is no water in the oil.

Tank Repairs, Small Leaks

Use the following procedure to seal small leaks:

a. Use steam to clean the area around the leak. Re-
move all paint and dirt around the leak.

WARNINGWARNING
Do not use tools that can make sparks, heat or static
electricity. The vapors in the tank can cause an ex-
plosion.

b. Apply Loctite  290 to the leak. Follow the in-
structions of the manufacturer.

Tank Repairs, Large Leaks

1. Use one of the procedures described under Tank
Cleaning, Steam Method Of Cleaning Tank or Chemical
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FIGURE 4. OPERATION OF THE TWO–STAGE, LIMITED FREE–LIFT MAST

4. TO/FROM MAIN CONTROL 
VALVE

5. OUTER WELDMENT
6. INNER WELDMENT
7. LIFT CHAIN
8. CARRIAGE1

2

3

4

5

6

7

8

1. LIFT CYLINDER
2. LOWERING CONTROL VALVE 

(INTERNAL)
3. LOWERING CONTROL VALVE 

(EXTERNAL)

2

8

1

1

5

FIGURE 5. CYLINDER CUSHION DURING LOWERING SEQUENCE, MAIN LIFT CYLINDER PISTON

5

2

20 mm CUSHION

6

1

3

1. CYLINDER ROD
2. CYLINDER SHELL
3. PISTON
4. INTERNAL CHECK VALVE
5. HYDRAULIC PORT
6. ORIFICE
7. PISTON SEAL

When the main lift cylinders retract, the hydraulic oil
flows out of the cylinder through the hydraulic port
(5) until the piston seal (7) moves past port (5).
During the last 20 mm of the retraction stroke, the
hydraulic oil must flow through the small orifice (6).
This action causes the cylinder rod to move much
more slowly at the end of the retraction stroke. This
cushion effect prevents a sudden stop at the end of
the lowering sequence which makes a smoother
operation during lowering. All masts in this section
use this design in the main lift cylinders.

TWO–STAGE LFL and THREE–ST AGE FFL SHOWN
TWO–STAGE FFL IS SIMILAR

4*

* NOT USED ON THE TWO–STAGE FFL

7
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4. Connect the top and bottom carriage bars by installing
the two bottom capscrews. Do NOT tighten the cap-
screws. Lubricate the outer surface of the bottom bush-
ing with multi–purpose grease. Install the bottom bush-
ing in the bottom carriage bar.

5. Make sure the standard carriage is completely low-
ered. Connect a crane (the capacity of the crane must be
at least 908 kg {2 000 lb}) to the lifting eye. Install the
side–shift carriage on the standard carriage. Put blocks
under the bottom bar of the side–shift carriage so that the
bottom bushing moves tight against the standard car-
riage when the lifting device is lowered.

6. Install the two top capscrews into the side–shift car-
riage. On the H/S/E1.50–1.75XM, H/S/E2.00XMS (H/
S/E25–35XM, H/S/E40XMS); H/S/E/J2.00–2.75XM
(H/S/E/J40–55XM); S/E/J2.00–2.50XL (S/
E/J40–50XL); and J1.60–2.00XMT (J30–40XMT)
units, tighten all of the capscrews to 435 Nm (320 lbf ft).
On H/S/E/J3.00–3.20XM (H/S/E/J60–65XM) and S/
E/J3.00XL (S/E/J60XL) units, tighten all of the cap-
screws to 755 Nm (557 lbf ft).

7. Remove the lifting device. Lubricate the top bushing
at the grease fittings.

MAST
Removal (See FIGURE 6.)

NOTE: If the mast needs to be disassembled, remove
the forks and carriage. If only the lift cylinders  need to
be  removed for repair, the mast does not need to be re-
moved from the lift truck. See the procedures for the
LIFT  CYLINDERS .

NOTE:  The length of the lift chains must be checked
before the mast is removed. See Step 2 in Cleaning and
Inspection.

1. Fully lower all of the mast weldments and the car-
riage. Tilt the mast fully forward. Connect a crane  (the
capacity of the crane must be at least 1 600  kg {3 500
lb})  to the top of the mast using chains. Make sure all the
weldments are fastened together. Make sure the chains
will  not damage the sheaves, tubing, or other parts of the
mast.

2. Put a drain pan under the area of the hydraulic fittings.
Disconnect the hydraulic line at the external lowering
control valve on the outer weldment.

WARNING
Use a driver, NOT your fingers, to push the anchor
pins from the clevises on the tilt cylinders. The cylin-
der or mast can move and cause serious injury.

3. Remove the cotter pins and anchor pins or the caps-
crews, washers, and anchor pins at the tilt cylinder
mounts on the mast.

4. On the H/S/E/J2.00–3.20XM (H/S/E/J40–65XM) re-
move the capscrews that hold the mast to the pivot pins
at the mounts. On the H/S/E1.50–1.75XM, H/
S/E2.00XMS (H/S/E25–35XM, H/S/E40XMS);
J1.60–2.00XMT (J30–40XMT); and S/
E/J2.00–3.00XL (S/E/J40–60XL) remove the caps-
crews that hold the  retainer caps to the mast mounts.

5. Use the crane to lift the mast assembly from the lift
truck. Put the mast on the floor so that the back of the
mast is toward the floor.

Disassembly, Two–Stage LFL And Two–Stage
FFL Masts (See FIGURE 7. And FIGURE 8.)

NOTE: If only the lift cylinders need to be removed and
repaired, see the procedures for the LIFT CYL-
INDERS. When the mast has header hoses, see the pro-
cedures for the HEADER  HOSE.

1. Clean the area around the hydraulic fittings for the lift
cylinders. Disconnect the fittings at the lift cylinders
and put caps on the open lines.

NOTE: On the two–stage FFL mast, remove the brack-
ets and disconnect the hydraulic line for the free–lift cyl-
inder. Remove the free–lift cylinder. Disconnect the
free–lift chains at the crossmember.

WARNING
Be careful when removing or installing snap rings.
These snap rings can come loose during removal or
installation with enough force to cause an injury. Al-
ways use the correct snap ring pliers and wear eye
and face protection during removal or installation.

2. Remove the snap rings and washers from the top of
each main lift cylinder. Remove the nut, bolt, and spacer
at the mount near the top of each main lift cylinder. Dis-
connect the main lift chains at the mounts.

NOTE: On the H/S/E/J2.00–3.20XM (H/S/
E/J40–65XM) and S/E/J2.00–3.00XL (S/E/J40–60XL)
two–stage FFL mast, remove the hydraulic fitting from
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(J30–40XMT) two–stage FFL masts, install the wash-
ers at the top of the left–hand cylinder. Push the inner
weldment to engage the rods of the lift cylinders.
Check the clearance at the top of the lift cylinder
mounts. Add or remove washers at the left–hand cylin-
der until it is even with the right–hand cylinder. Install
the snap ring at the top of the left–hand lift cylinder.
Install the hydraulic fitting on the right–hand cylinder.

5. Install the spacers, nuts, and bolts at the mounts for the
lift cylinders. Tighten the bolts to 53 Nm (40 lbf ft).

6. Install the housing for the lowering control valve on
the outer weldment. Tighten the nuts for the lowering
control valve to 18 Nm (13 lbf ft). Install the lowering
control valve in the housing. Connect the hydraulic lines
and fittings between the lowering control valve and the
main lift cylinders.

10121

FIGURE 12. STRIP BEARINGS

7. On the two–stage LFL mast, install the chain sheaves
at the inner weldment. On the H/S/E/J2.00–3.20XM (H/
S/E/J40–65XM) and S/E/J2.00–3.00XL (S/
E/J40–60XL), be sure to install both set screws that hold
the shaft for the chain sheave in position. Tighten the set
screws to 8 Nm (71 lbf in). Connect the lift chains to the
chain anchors at the main lift cylinder mounts. Attach
wires between the ends of the lift chains and the
crossmember to control the lift chains during mast
installation.

8. On the two–stage FFL mast:

a. Install the free–lift cylinder in the mounts on the in-
ner weldment. Install the brackets for the cylinder and
tighten the bolts to 53 Nm (40 lbf ft).

b. Install the tubing and brackets that connect the
free–lift cylinder to the main lift cylinder.

c. Connect the free–lift chains to the chain anchors at
the crossmember. Attach a wire between the end of the
lift  chain and the bottom of the mast to control the lift
chain during installation.

Assembly, Three–Stage FFL Mast 
(See FIGURE 10.)

NOTE: The shims for the load rollers keep the weld-
ments parallel and give correct clearance. During as-
sembly, the shim arrangement will be approximately the
same as before disassembly. Check the clearance and
adjust the shims for wear or for changes caused by re-
pairs. The strip bearings are also adjusted by using
shims. See CHECKS AND ADJUSTMENTS  in this
section for the adjustment procedures.

NOTE:  When the mast has header hoses, see the proce-
dures for the HEADER HOSES.

1. Put the outer weldment on the floor with the mast piv-
ots toward the floor. Connect a crane (the capacity of the
crane must be at least 681 kg {1 500 lb}) to the center of
the intermediate weldment. Fit the lower stub shafts of
the intermediate weldment into the notches in the top of
the outer weldment. Slide the intermediate weldment
into the outer weldment so that the stub shafts are seen at
the top and bottom of both weldments.

2. Install the strip bearings and the shims on the channels
of the outer weldment. See FIGURE 12. Apply grease
to the bearing surfaces. Check the clearance of the strip
bearings as described in CHECKS AND ADJUST-
MENTS.

3. Install the load rollers and the shims on the outer
weldment and at the bottom of the intermediate weld-
ment. Before doing the next step, adjust the intermediate
weldment and check the clearance of the load rollers as
described in CHECKS AND ADJUSTMENTS .

4. Install the main lift cylinders. Push the intermediate
weldment to engage the lift cylinders. Check the clear-
ance at the top of the lift cylinder mounts. Add or re-
move washers at the top of the cylinder rods until they
are even. Install the snap ring and washer at the top of the
lift cylinders.

5. Install the housing for the lowering control valve on
the outer weldment. Tighten the nuts for the lowering
control valve to 18 Nm (13 lbf ft). Install the lowering
control valve in the housing. Connect the hydraulic lines
and fittings between the lowering control valve and the
main lift cylinders.
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New Hose Installation, Two–Stage FFL Mast
(See FIGURE 22. Through FIGURE 24., And
FIGURE 28.)

WARNING
Before working on or near the mast, see SAFETY
PROCEDURES WHEN WORKING NEAR THE
MAST in this section.

NOTE:  This procedure is for the four function option.
The three function option will have hoses “A” and “B”
only.

NOTE:  The carriage height must be correct before the
header hoses can be adjusted. See ADJUST THE LIFT
CHAINS  for the carriage adjustment procedure.

1. Mark each hose with a single letter, “A,” “ B,” “ C,” or
“D.”

2. Use a calculator to calculate dimension “E.” See
FIGURE 22.

3. Clamp the end of the hose (the smaller fitting) that at-
taches to the carriage in a vise (do NOT clamp on the
threads), pull on the other end until the hose is straight.
Do NOT apply enough force to stretch the hose. See
FIGURE 22.

4. Mark the hoses with dimension “E” (all measure-
ments are made from the carriage end of the hose [the
smaller fitting]). See FIGURE 22.

5. See FIGURE 23. Attach the hoses to the carriage
bracket (15) with clamp (9).

6. Put the header hoses (10) over the free–lift chains
(11).

7. Put the clamps (7) over the hoses and attach the
clamps to the lower bracket (16) (do NOT tighten the
hardware).

NOTE:  To make the alignment of dimension “E” easier,
use a crane (the capacity of the crane must be at least 908
kg {2 000 lb}) to raise the carriage high enough to install
a safety chain.

8. Align mark “E” at the bottom of the clamp (7). Tight-
en the hardware to 8 Nm (71 lbf in).

9. Install the hose guards (2) at the free–lift crosshead.
Tighten the capscrews that mount the guards to 66 Nm
(49 lbf ft).

NOTE:  The proper hose alignment is shown in
FIGURE 24.

10. Apply a spray lubricant onto the hoses in the area
that will contact the channels. Make sure the hoses are
properly aligned in the channels (8). Put the clamps (12)
over the hoses and attach the clamps to the channels.
Tighten the hardware to 8 Nm (71 lbf in). See
FIGURE 24.

11. Connect the header hoses (10, C, and D) to the cowl
hoses (1). Connect the header hoses (10, A, and B) to the
tubes (13).

12. Use the rubber clamps and strap clamps to attach the
hoses to the main lift cylinders. Make sure the cowl
hoses (1) do not stretch or fold while tilting the mast ful-
ly forward and backward.

13. With no load on the forks, operate the mast through
the full lift cycle two times. With the mast at full lift
height, attach clamp (17) at the bottom of the hose loop
on the third and/or fourth function hoses. This action al-
lows the hoses to fit properly in the hose channel.

14. With no load on the forks, check the header hose ad-
justment by operating the mast through the full lift cycle
two times. When properly adjusted, the hoses will not be
so tight that they compress when they pass over the
sheaves nor will they be so loose that they touch the load
backrest or any crossmember that is next to a sheave. If
the hoses require additional adjustment, see  Adjust-
ment Of Hoses After Installation, Two–Stage
FFL Mast.

Adjustment Of Hoses After Installation,
Two–Stage FFL Mast (See FIGURE 22.
through FIGURE 24., And FIGURE 28.)

1. Loosen the clamps (7) and pull (if the hoses are loose)
or push (if the hoses are tight) on the hoses so that they
move 15 mm (0.6 in). Tighten the hardware to 8 Nm  (71
lbf in).

2. With no load on the forks, check the header hose ad-
justment by operating the mast through the full lift cycle
two times. When properly adjusted, the hoses will not be
so tight that they compress when they pass over the
sheaves nor will they be so loose that they touch the load
backrest or any crossmember that is next to a sheave. If
necessary, repeat step 1 until the hoses are properly ad-
justed.
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FIGURE 28. SAFETY CHAIN INSTALLATION  – TWO–STAGE FULL FREE–LIFT AND
THREE–STAGE FULL FREE–LIFT MAST (1 OF 2)

Mast parts are heavy and can move. Distances between parts are small. Serious 
injury or death can result if part of the body is hit by parts of the mast or the carriage.
•  Never put any part of the body into or under the mast or carriage unless all parts are completely
lowered or a safety chain is installed. Also make sure that the power is off, the key is removed, and 
the parking brake is applied. 
Put a “DO NOT OPERA TE” tag in the operator’ s compartment.
•  Be careful of the forks. When the mast is raised, the forks can be at a height to cause an injury.
•  DO NOT climb on the mast or lift truck at any time. Use a ladder or personnel lift to work on the
mast.
•  DO NOT use blocks to support the mast weldments nor to restrain their movement.
•  Mast repairs require disassembly and removal of parts and can require removal of the mast or 
carriage. Follow the repair procedures in the correct Service Manual for the mast.

The following procedures must be used when installing safety chains for the header hose installation. Addi-
tional precautions and procedures can be required when repairing or removing the mast. See SAFETY PRO-
CEDURES WHEN WORKING NEAR THE MAST in GENERAL PROCEDURES at the front of this section for
additional procedures for the installation of safety chains.
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SAFETY CHAIN INSTALLA TION WHEN THE CARRIAGE IS RAISED:
a. Put the mast in a vertical position.

b. Raise the carriage approximately 300 mm (12 in).

c. Use a 3/8 inch minimum safety chain with a hook. Attach one end of
the chain around all the top crossmembers. Make sure the hook (1) is
completely engaged with a link in the chain.

d. Attach a shackle (2) to the lifting eye on the carriage. Install the chain
through the shackle. Make sure the hook is completely engaged with a
link in the chain. Make sure the safety chain does not touch lift chains,
chain sheaves, tubes, hoses, fittings, or other parts of the mast.

e. Lower the crane until there is tension in the safety chain. Make sure
both hooks are properly engaged before working on the mast. Install a
“DO NOT REMOVE”  tag on the safety chain.

1

2

1

WARNING
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BOTTOM OUTER CHANNEL

TOP OUTER CHANNEL

GROUND LEVEL

Y

Z

* ALL OF THE MEASUREMENTS ARE MADE WITH
MAST VERTICAL AND FULLY LOWERED.

12850

* METRIC FORMULAS (ALL DIMENSIONS ARE IN MILLIMETERS)

@ DIMENSION “E” = (Y – Z – 246) x 0.985

# DIMENSION “E” = (Y – Z – 746) x 0.985

DIMENSION “G” = (1.965 x Y) – (0.985 x Z) + 57.57
EXAMPLE: DIMENSION “E” = (Y – Z – 246) x 0.985

STEP 1. DIMENSION “E” = (1840 – 135 – 246) x 0.985

STEP 2. DIMENSION “E” = 1459 x 0.985

STEP 3. DIMENSION “E” = 1437

 * INCH FORMULAS (ALL DIMENSIONS ARE IN INCHES)

@ DIMENSION “E” = (Y – Z – 9.7) x 0.985

# DIMENSION “E” = (Y – Z – 29.3) x 0.985

DIMENSION “G” = (1.965 x Y) – (0.985 x Z) + 2.3
EXAMPLE: DIMENSION “E” = (Y – Z – 9.7) x 0.985

STEP 1. DIMENSION “E” = (72.4 – 5.3 – 9.7) x 0.985

STEP 2. DIMENSION “E” = 57.4 x 0.985

STEP 3. DIMENSION “E” = 56.5

THE CALCULATION FOR DIMENSION “G” IS SIMILAR TO DIMENSION “E.”

THE CALCULATION FOR DIMENSION “G” IS SIMILAR TO DIMENSION “E.”

12841

DIMENSION “G”

2

DIMENSION “E”

1. VISE
2. HOSE

1

FIGURE 34. HEADER HOSE MEASUREMENT – THREE–STAGE FULL FREE–LIFT MAST

@ FOR MASTS WITH DIMENSION “Y” LESS THAN 2600 mm (102.2 in)
# FOR MASTS WITH DIMENSION “Y” GREATER THAN 2600 mm (102.2 in)
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INTRODUCTION

GENERAL

This section describes the hydraulic system and the
steering system. The section includes REPAIR,
CHECKS AND ADJUSTMENTS and
TROUBLESHOOTING. This section has repair proce-
dures for the main hydraulic pump and the steering
pump. Other repair procedures are in the following sec-
tions:

• MAIN CONTROL VALVE, 2000 SRM 562

• MAST – Repair, 4000 SRM 522

• FOUR STAGE MAST – Repair, 
4000 SRM 563

• VISTA MAST – Repair, 4000 SRM 482
(N30XMH ONLY)

• TILT CYLINDERS, 2100 SRM 103

• LIFT CYLINDERS, 4000 SRM 481
(N30XMH ONLY)

• STEERING HOUSING AND CONTROL
UNIT, 1600 SRM 512

• STEERING AXLE, 1600 SRM 258

• DC MOTOR MAINTENANCE, 620 SRM 294

1. TILT CYLINDER (2)
2. FILTER
3. BREATHER
4. HYDRAULIC TANK (Can Be Different Shape)
5. STEERING CYLINDER
6. MAIN CONTROL VALVE (4–SPOOL VALVE SHOWN)

7. PRIMARY RELIEF VALVE
8. SECONDARY RELIEF VALVE
9. TO AUXILIARY HYDRAULIC FUNCTIONS

10. TO LIFT CYLINDERS
11. STEERING CONTROL UNIT
12. STEERING PUMP
13. HYDRAULIC PUMP

1

2

3 4

5

6

9

1

10

11

9

12
13

7

8
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FIGURE 1. E1.50–3.20XM (E25–65XM) HYDRAULIC SYSTEM
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The hydraulic tank is a separate sheet metal tank and can
be removed from the lift truck if necessary to check for
leaks or for replacement. Repairs for leaks in the hy-
draulic tank can require special procedures described in
the next paragraphs. The most common cause of leaks is
from rust caused by the moisture of condensation. Drain
any water out of the tank by removing the drain plug and
letting the tank drain until there is no water in the oil.

Tank Repairs, Small Leaks

Use the following procedure to seal small leaks:

a. Use steam to clean the area around the leak. Re-
move all paint and dirt around the leak.

WARNING
Do not use tools that can make sparks, heat or static
electricity. The vapors in the tank can cause an ex-
plosion.

b. Apply Loctite  290 to the leak. Follow the in-
structions of the manufacturer.

Tank Repairs, Large Leaks

1. Use one of the procedures described under Tank
Cleaning, Steam Method Of Cleaning Tank or Chemical
Solution Method Of Cleaning Tank to clean and prepare
the tank for repairs.

2. Use acceptable welding practices to repair the tank.
See the American National Standard Safety In Welding
And Cutting ANSI Z 49.1 – 1973.

Tank Cleaning

WARNING
Special procedures must be followed when large
leaks or other repairs need welding or cutting. All
work must be done by authorized personnel. If the
tank is cleaned inside of a building, make sure there
is enough ventilation. See the following manuals for
additional information:

• Safe Practices For Welding And Cutting Con-
tainers That Have Held Combustibles” by the
American Welding Society, A6.0–65.

• Safety In Welding And Cutting”, American
National Standard, ANSI Z 49.1 – 1973.

When cleaning the tank, do not use solutions that make
dangerous gases at normal temperatures or when

heated. Wear eye and face protection. Protect the body
from burns.

Steam Method Of Cleaning Tank

When cleaning with steam, use a hose with a minimum
diameter of 19 mm (0.75 inch). Control the pressure of
the steam by a valve installed at the nozzle of the hose. If
a metal nozzle is used, it must be made of a material that
does not make sparks. Make an electrical connection be-
tween the nozzle and the tank. Connect a ground wire to
the tank to prevent static electricity.

Use the following procedure to clean the tank with
steam:

a. Remove all the parts from the tank. Install the
drain plug.

b. Fill the tank 1/4 full with a solution of water and
sodium bicarbonate (baking soda) or sodium car-
bonate. Mix 0.5 kg (1 lb) per 4 litres (1 gal) of wa-
ter.

c. Mix the solution in the tank using air pressure.
Make sure all the surfaces on the inside of the
tank are flushed with the solution. Drain the tank.

d. Put steam into the tank until the tank does not
have odors and the metal is hot. Steam vapors
must come from all the openings.

e. Flush the inside of the tank with boiling water.
Make sure all the loose material is removed from
the inside of the tank.

f. Make an inspection of the inside of the tank. If it
is not clean, repeat Steps d and e and make anoth-
er inspection. When making inspections, use a
light that is approved for locations with flam-
mable vapors.

g. Put plugs in all the openings in the tank. Wait 15
minutes, then remove the inlet and outlet plugs.
Test a sample of the vapor with a special indicator
for gas vapors. If the amount of flammable va-
pors is above the lower flammable limit, repeat
the cleaning procedures.

Chemical Solution Method Of Cleaning Tank

If the tank cannot be cleaned with steam, use the follow-
ing procedure:

a. Mix a solution of water and trisodium phosphate
or a cleaning compound with an alkali base. Fol-
low the instructions given by the manufacturer.
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NOTE: Tighten the connections for power cables at M8
X 1.25 or 5/16 UNC terminals on General Electric mo-
tors to 18 to 22 Nm (13 to 16 lbf ft). Tighten all other con-
nections for power cables as follows:

5/16 UNC threads – 13.5 to 17.5 Nm (10.0 to 12.9 lbf ft)
1/4 UNC threads – 4.0 to 6.0 Nm (3.0 to 4.4 lbf ft)

#6 UNC threads – 0.73 to 1.02 Nm (0.5 to 0.8 lbf ft)

M8 X 1.25 threads – 13.5 to 17.5 Nm (10.0 to 12.9 lbf ft)

M10 X 1.5 threads – 15.0 to 18.0 Nm (11.1 to 13.3 lbf ft)

8. Remove the plug from the breather hose and install
the breather. Install the battery as described in one of the
following SERVICE MANUAL  sections for the cor-
rect procedure.: 
PERIODIC MAINTENANCE, 8000 SRM 632 for
the E1.50–2.00XM (E25–40XM) trucks
PERIODIC MAINTENANCE, 8000 SRM 552 for
the E2.00–3.20XM (E45–65XM) trucks 
PERIODIC MAINTENANCE, 8000 SRM 555 for
the N30XMH trucks 
Install the floor plate. Operate the steering system and
check for leaks.

FIGURE 18. ROTARY ACTUATOR VALVE

1. CHECK VALVES
 2. SHUTTLE

 3. RELIEF VALVES
 4. VALVE BODY
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3

1

4

1

ROTARY ACTUATOR VALVE 
(See FIGURE 18.)

The rotating actuator valve and the bypass valve are
found on the attachment for the N30XMH. The instruc-
tions for the removal and installation and the adjustment
procedures for these valves are in the ATTACHMENTS
section, 5000 SRM 580.

Disassembly, Cleaning and Inspection

1. Turn the cap with a wrench to remove the check valve
assembly from the valve body. Push the shuttle out of the
valve body.

2. Inspect the seat and poppet for dirt or scratches. The
poppet must slide freely in the seat sleeve. The spring
must not be bent or broken.

3. Inspect the shuttle and bore for dirt or scratches. The
shuttle must slide freely in the bore.

4. Remove the two relief valves from the valve body by
turning the bushings with a wrench.

CAUTION
The adjustment of the relief valves is set at the facto-
ry. DO NOT loosen the cap or jam nut from the bush-
ings. DO NOT turn the adjuster screw.

5. Inspect the poppet, ball, and seat for dirt or scratches.
Make sure the spring is not bent or broken.

6. Clean all parts of the rotating actuator valve with sol-
vent. Use compressed air to dry the parts and to remove
dirt from the passages.

Assembly

1. Lubricate the relief valve parts with hydraulic oil.
Install new O–rings on the bushing.

2. Install the relief valves into the valve body. Use a
wrench to tighten the bushing.

3. Lubricate and install new O–rings and install one
check valve into the valve body. Lubricate the shuttle
and slide it into the bore for the check valves. Lubricate
and install the other check valve.

4. Install new O–rings on the fittings that were removed.
Lubricate and install the fittings.

STEERING CONTROL UNIT

NOTE: See the SERVICE MANUAL  section
STEERING HOUSING AND CONTROL UNIT,
1600 SRM 512 to repair the steering control unit. Fol-
lowing is the correct procedure to remove and install the
steering control unit.

NOTE:  The repair procedures for the instrument cluster
are in the SERVICE MANUAL  section ELEC-
TRICAL SYSTEM, 2200 SRM 560.
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�� *5$'8$/ &+$5*(� 7KLV PHWKRG XVHV D VROLG
VWDWH DXWRPDWLF EDWWHU\ FKDUJHU� 7KH FKDUJLQJ UDWH EH�
JLQV DW �� WR �� DPSV���� DPS��KRXUV DQG GHFUHDVHV WR
OHVV WKDQ � DPSV���� DPS��KRXUV ZKHQ WKH EDWWHU\ LV
��� FKDUJHG� 7KH FKDUJLQJ FXUUHQW GHFUHDVHV ZKHQ WKH
YROWDJH DFURVV WKH FHOO LQFUHDVHV GXULQJ WKH FKDUJLQJ
F\FOH LV VKRZQ LQ ),*85( ��� 7KH LQFUHDVH LQ WKH YROW�
DJH IURP WKH FKDUJHU LV DSSUR[LPDWHO\ WKH VDPH DV WKH
LQFUHDVH LQ WKH VSHFLILF JUDYLW\ LQ WKH FHOOV�

�� 02',),(' &2167$17 92/7$*(� 7KLV PHWKRG
XVHV D JHQHUDWRU WR JHQHUDWH D FRQVWDQW YROWDJH WKDW LV
FRQWUROOHG E\ D UHVLVWRU� :KHQ WKH FKDUJLQJ FXUUHQW GH�
FUHDVHV� WKHYROWDJH DFURVV WKH UHVLVWRU LQFUHDVHV� 7KH LQ�
FUHDVLQJ YROWDJH DFURVV WKH UHVLVWRU FDXVHV DQ LQFUHDVLQJ
YROWDJH DW WKH EDWWHU\ WHUPLQDOV� 7KH FKDUJLQJ LV VLPLODU
WR WKH JUDGXDO FKDUJH 7KH UHVLVWRU PXVW EH FRUUHFWO\ VHW
RU WKH FKDUJLQJ UDWH ZLOO EH ZURQJ� 7KH W\SLFDO JUDSKV
IRU D PRGLILHG FRQVWDQW YROWDJH FKDUJHU LV VKRZQ LQ
),*85( ���

�� 7:2��5$7( &+$5*(� 7KLV PHWKRG DOVR XVHV D
KLJK FKDUJLQJ UDWH DW WKH EHJLQQLQJ IROORZHG E\ D ORZHU
UDWH� 7ZR UHVLVWRUV FRQWURO WKH FKDUJLQJ UDWH� 2QH UHVLV�
WRU FRQWUROV WKH FKDUJLQJ UDWH DW WKH EHJLQQLQJ RI WKH
F\FOH DQG D VHFRQG UHVLVWRU UHGXFHV WKH FKDUJLQJ UDWH
ZKHQ WKH YROWDJH LQ WKH FHOOV UHDFK ���� YROWV� $ UHOD\
DXWRPDWLFDOO\ FRQWUROV WKH VHFRQG UHVLVWRU�7KH WZR��UDWH
FKDUJLQJ F\FOH LV VKRZQ LQ ),*85( ���

),*85( ��� 02',),(' &2167$17 92/7$*(
&+$5*(5

),*85( ��� 7:2��5$7( &+$5*,1* &<&/(
127(� 0DQ\ XVHUV KDYH EDWWHU\ FKDUJHUV WKDW FDQ IRO�
ORZ D SURJUDP WR DXWRPDWLFDOO\ FKDUJH D EDWWHU\ DFFRUG�
LQJ WR UHFRPPHQGDWLRQV RI WKH EDWWHU\ PDQXIDFWXUHU�
8VH WKH UHFRPPHQGDWLRQV RI WKH EDWWHU\ PDQXIDFWXUHU
IRU FKDUJLQJ WKH EDWWHU\�

7URXEOHVKRRWLQJ 7KH &KDUJHU
%DWWHU\ FKDUJHUV QRUPDOO\ RSHUDWH DXWRPDWLFDOO\ ZLWK�
RXW FRQVWDQW DWWHQWLRQ� ,W LV QHFHVVDU\ WRPDNH D SHULRGLF
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           FIGURE 4. INSTRUMENT CLUSTER SCHEMATIC

1. MALFUNCTION INDICATOR 
(GM GAS ONLY)

2. CLUSTER GROUND
3. DIESEL FUEL FILTER
4. LOW BRAKE FLUID LEVEL
5. LOW FUEL LEVEL (LPG)
6. GLOW PLUG
7. ENGINE OIL PRESSURE
8. TRANS. OIL TEMP.
9. AIR FILTER RESTRICTION

24 PIN CONNECTOR FUNCTIONS

10. LOW COOLANT LEVEL
11. CHARGING CIRCUIT
12. L.H. TURN SIGNAL
13. ENGINE OIL PRESS. 

GAUGE
14. R.H. TURN SIGNAL
15. FUEL GAUGE
16. COOLANT TEMP.
17. NOT USED

6 PIN CONNECTOR
FUNCTIONS

1. IGNITION
2. ACCESSORY
3. NOT USED
4. STARTER
5. BATTERY
6. BATTERY

18. NOT USED
19. REVERSE
20. FORWARD
21. NOT USED
22. NOT USED
23. PARKING 

BRAKE
24. SEAT SWITCH

**NOT USED IN EUROPE

IGNITION
SWITCH

INSTRUMENT CIR-
CUIT BREAKER 5
amp

L.H. TURN
SIGNAL

R.H. TURN
SIGNAL

SEAT BELT **

COOLANT LEVEL

BRAKE FLUID LEV-
EL

GLOW PLUG

LOW FUEL LEVEL 
(LPG)

AIR FILTER
RESTRICTION

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

1
2
3
4
5
6

CHARGING
CIRCUIT
TRANS. OIL
TEMP.

ENGINE OIL
PRESSURE

DIESEL FUEL 
FILTER (WATER)

MALFUNCTION
INDICATOR LAMP

SEAT WARNING CIRCUIT

ALARM

VOLTMETER
**

ENGINE OIL 
PRESS.GAUGE

HOURMETER

COOLANT
TEMPERATURE

FUEL GAUGE

IGNITION

STARTER

GROUND

BATTERY

ACCESSORY

TEST

SEAT
BELT
WARNING
TIMER **

1352092
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FIGURE 8. CONTROL VALVE MOUNTING, E1.50–3.20XM (E25–65XM)

1. CLAMP
2. SWITCH
3. GUIDE/SWITCH MOUNT
4. UPPER LINK
5. LOWER LINK
6. SWITCH PAD
7. MOUNT PLATE, CONTROL

VALVE
8. FLOOR PLATE MOUNT
9. CONTROL VALVE

10. FITTING, STEERING 
CIRCUIT

11. FITTING, INLET
12. FITTING, OUTLET
13. FITTING, LIFT 

CYLINDERS
14. FITTING, ROD END OF

TILT CYLINDERS
15. FITTING, PISTON END

OF TILT CYLINDERS
16. FITTINGS, THIRD 

FUNCTION
17. FITTINGS, FOURTH

FUNCTION

1

2

3

4

5 6

7

8

9

10

11

1213
14

15

16

17



�

,1752'8&7,21

*(1(5$/

2Q OLIW WUXFNV EHIRUH ´;0�µ ZKHQ WXUQLQJ WKH NH\
VZLWFK WR WKH21 SRVLWLRQ WKH %UXVK:HDU ,QGLFDWRU DQG
0RWRU 7HPSHUDWXUH ,QGLFDWRU ZLOO LOOXPLQDWH� 2Q
´;0�µ OLIW WUXFNV� WKHUH LV QR EUXVK ZHDU LQGLFDWRU� EXW
WKH /&' VFUHHQ ZLOO VKRZ D VWDWXV FRGH LQGLFDWLQJ WKDW
WKH EUXVKHV QHHG UHSODFLQJ DV GHVFULEHG LQ WKH 23(5�
$7,1*0$18$/� &RQWDFW \RXU GHDOHU LI DQ\ /(' ,Q�
GLFDWRUV GRQRW LOOXPLQDWH GXULQJ WKH ´FKHFNµSDUW RI LQL�
WLDO OLIW WUXFN RSHUDWLRQ�

7KLV VHFWLRQ FRQWDLQV D0$,17(1$1&(6&+('8/(
DQG WKH LQVWUXFWLRQV IRU PDLQWHQDQFH DQG LQVSHFWLRQ�

7KH 0$,17(1$1&( 6&+('8/( KDV WLPH LQWHUYDOV
IRU LQVSHFWLRQ� OXEULFDWLRQ DQG PDLQWHQDQFH� 7KH WLPH
LQWHUYDOV DUH EDVHG RQ D QRUPDO RSHUDWLRQ� $ QRUPDO RS�
HUDWLRQ LV FRQVLGHUHG WR EHRQH HLJKW KRXU VKLIW SHU GD\ LQ
D UHODWLYHO\ FOHDQ HQYLURQPHQW RQ DQ LPSURYHG VXUIDFH�
0XOWLSOH VKLIWV� GLUW\ RSHUDWLQJ FRQGLWLRQV� HWF�� ZLOO UH�
TXLUH D UHGXFWLRQ LQ WKH UHFRPPHQGHG WLPH SHULRGV LQ
WKH 0$,17(1$1&( 6&+('8/(�

<RXU GHDOHU IRU +\VWHU OLIW WUXFNV KDV WKH HTXLSPHQW DQG
WUDLQHG VHUYLFH SHUVRQQHO WR GR D FRPSOHWH SURJUDP RI
LQVSHFWLRQ� OXEULFDWLRQ DQGPDLQWHQDQFH� $ UHJXODU SUR�
JUDP RI LQVSHFWLRQ� OXEULFDWLRQ DQG PDLQWHQDQFH ZLOO
KHOS \RXU OLIW WUXFN JLYHPRUH HIILFLHQW SHUIRUPDQFH DQG
RSHUDWH IRU D ORQJHU SHULRG RI WLPH�

6RPH XVHUV KDYH VHUYLFH SHUVRQQHO DQG HTXLSPHQW WR GR
WKH LQVSHFWLRQ� OXEULFDWLRQ DQG PDLQWHQDQFH VKRZQ LQ
WKH 0$,17(1$1&( 6&+('8/(� 6HUYLFH 0DQXDOV
DUH DYDLODEOH IURP \RXU GHDOHU IRU +\VWHU OLIW WUXFNV WR
KHOS XVHUV ZKR GR WKHLU RZQ PDLQWHQDQFH�

:$51,1*
'RQRWPDNH UHSDLUV RU DGMXVWPHQWV XQOHVV \RX KDYH
ERWK DXWKRUL]DWLRQ DQG WUDLQLQJ� 5HSDLUV DQG DG�
MXVWPHQWV WKDW DUH QRW FRUUHFW FDQPDNH DGDQJHURXV
RSHUDWLQJ FRQGLWLRQ�

'RQRW RSHUDWH D OLIW WUXFN WKDW QHHGV UHSDLUV�5HSRUW
WKH QHHG IRU UHSDLUV LPPHGLDWHO\� ,I UHSDLU LV QHFHV�
VDU\� SXW D ´'2 127 23(5$7(µ WDJ LQ WKH RSHUD�
WRU·V DUHD� 5HPRYH WKH NH\ IURP WKH NH\ VZLWFK� 'LV�
FRQQHFW WKH EDWWHU\ FRQQHFWRU�

&$87,21
'LVSRVDO RI OXEULFDQWV DQG IOXLGVPXVWPHHW ORFDO HQ�
YLURQPHQWDO UHJXODWLRQV�

'LVSRVDO RI EDWWHULHV PXVWPHHW ORFDO HQYLURQPHQWDO
UHJXODWLRQV�

6(5,$/ 180%(5 '$7$

7KH VHULDO QXPEHU FRGH IRU WKH OLIW WUXFN LV RQ WKH QDPH�
SODWH� 7KH FRGH LV DOVR VWDPSHG RQ WRS RI WKH UHDU EXON�
KHDG RI WKH IUDPH� ,W LV RQ WKH EXONKHDG LQVLGH WKH ULJKW
UHDU OHJ RI WKH RYHUKHDG JXDUG�

+2: 72 029( $ ',6$%/(' /,)7 758&.

:$51,1*
8VH H[WUD FDXWLRQ ZKHQ WRZLQJ D OLIW WUXFN LI DQ\ RI
WKH IROORZLQJ FRQGLWLRQV H[LVW�

� %UDNHV GR QRW RSHUDWH FRUUHFWO\�

� 6WHHULQJ GRHV QRW RSHUDWH FRUUHFWO\�

� 7LUHV DUH GDPDJHG�

� 7UDFWLRQ FRQGLWLRQV DUH EDG�

� 7KH OLIW WUXFNPXVW EHPRYHG RQ D VWHHS JUDGH�

,I WKH VWHHULQJ SXPS PRWRU GRHV QRW RSHUDWH� VWHHU�
LQJ FRQWURO RI WKH OLIW WUXFN FDQ EH VORZ DQG GLIILFXOW�
'R 127 WRZ WKH OLIW WUXFN LI WKHUH LV QR SRZHU� 3RRU
WUDFWLRQ FDQ FDXVH WKH GLVDEOHG OLIW WUXFN RU WRZLQJ
YHKLFOH WR VOLGH� 6WHHS JUDGHV ZLOO UHTXLUH DGGLWLRQDO
EUDNH IRUFH WR VWRS WKH OLIW WUXFN�

1HYHU FDUU\ D GLVDEOHG OLIW WUXFN XQOHVV WKH OLIW WUXFN
0867EHPRYHG DQG FDQQRW EH WRZHG� 7KH OLIW WUXFN
XVHG WR FDUU\ WKH GLVDEOHG OLIW WUXFN 0867 KDYH D
UDWHG FDSDFLW\ HTXDO WR RU JUHDWHU WKDQ WKH ZHLJKW RI
WKH GLVDEOHG OLIW WUXFN� 7KH FDSDFLW\ PXVW EH IRU D
ORDG FHQWHU HTXDO WR KDOI WKHZLGWK RI WKH GLVDEOHG OLIW
WUXFN� 6HH WKHQDPHSODWH RI WKH GLVDEOHG OLIW WUXFN IRU
WKH DSSUR[LPDWH WRWDOZHLJKW� 7KH IRUNVPXVW H[WHQG
WKH IXOO ZLGWK RI WKH GLVDEOHG OLIW WUXFN� 3XW WKH
ZHLJKW FHQWHU RI WKH GLVDEOHG OLIW WUXFN RQ WKH ORDG
FHQWHU RI WKH IRUNV� 'R QRW GDPDJH WKH XQGHU VLGH RI
WKH OLIW WUXFN�

+RZ 7R 7RZ $ /LIW 7UXFN

�� 7KH WRZHG OLIW WUXFN PXVW KDYH DQ RSHUDWRU�
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�� +22'
�� 6($7
�� /$7&+ $66(0%/<
�� %$77(5< 5(675$,17 	 +22' )5$0(
�� *$6 635,1*
�� +,1*(

�����

�

�

�

�

�

�

�

�

�

��

�����

�

��

�

��

�

�

�

�

�

�����

�

�5(75$&7('

(;7(1'('

�� :$51,1* /$%(/� %$77(5< 5(675$,17
�� +22'
�� %$77(5< 5(675$,17
�� %$77(5<

),*85( ��� %$77(5< 5(675$,17 ��
-������;0� -������;0�

%DWWHU\ 5HVWUDLQW 6\VWHP �� -������;0�
-������;0� �6HH ),*85( ����

7KH EDWWHU\ UHVWUDLQW LV D KHDY\ VWHHO URG DW WKH UHDU RI WKH
EDWWHU\ FRPSDUWPHQW�$Q DGMXVWDEOH VSDFHU SODWH LV XVHG
LQVLGH WKH EDWWHU\ FRPSDUWPHQW WR SUHYHQW IRUZDUG DQG
EDFNZDUG PRYHPHQW RI WKH EDWWHU\� 7KH EDWWHULHV IRU
WKHVH OLIW WUXFNV PXVW ILW WKH EDWWHU\ FRPSDUWPHQW ZLGWK
ZLWK D PD[LPXP RI �� PP ���� LQ� FOHDUDQFH�

7KH KRRG FDQQRW EH FORVHG XQOHVV WKH EDWWHU\ UHVWUDLQW LV
HQJDJHG� 7KH EDWWHU\ UHVWUDLQW URG DW WKH WRS UHDU RI WKH
EDWWHU\ FRPSDUWPHQW PXVW EH DOLJQHG RYHU WKH HGJH RI
WKH EDWWHU\� 7KH KDQGOH RI WKH EDWWHU\ UHVWUDLQW PXVW DOVR
EH LQ WKH GRZQSRVLWLRQ WR FORVH WKH KRRG�8VH WKHKDQGOH
WRPRYH WKHEDWWHU\ UHVWUDLQW URGRYHU WKH HGJHRI WKHEDW�
WHU\ VR WKDW WKH KDQGOH FDQ EH PRYHG WR WKH GRZQ SRVL�
WLRQ�

%DWWHU\

127(� 7KHUH FDQ EH RQH RI WZR W\SHV RI EDWWHULHV� 2QH
W\SH KDV UHPRYDEOH FHOO FDSV� 7KH RWKHU W\SH KDV VHDOHG
FHOOV�7KHVHDOHGEDWWHULHV UHTXLUH DGLIIHUHQW FKDUJHU� WKH
HOHFWURO\WH OHYHO RU VSHFLILF JUDYLW\ FDQQRW EH FKHFNHG
DQG ZDWHU FDQQRW EH DGGHG WR WKH HOHFWURO\WH�
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02725 &21752//(5 :,7+ 5(*(1(5$7,9(
%5$.,1*� �$ %<��3$66� ),(/' :($.(1,1* $1' 6&5
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� �
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�� &217$&725� �$
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�

�

�

�



��

G� $Q\ FOHDQLQJ FORWKV WKDW ZLOO EH ZDVKHG PXVW EH
FOHDQHG VR WKDW ILEHUV DUH QRW UHOHDVHG LQWR WKH DLU�

127(� 6RPH OLIW WUXFNV DUH XVHG LQ RSHUDWLRQV ZKHUH
WKH DXWRPDWLF DGMXVWHUV FDQ EH VORZ WR DGMXVW WKH EUDNH
VKRHV� ,I WKH EUDNHV QHHG DGMXVWPHQW� RSHUDWH WKH OLIW
WUXFN LQ IRUZDUG DQG UHYHUVH �� WLPHV� $SSO\ WKH EUDNH
SHGDO ILUPO\� EXW GR QRW FDXVH WKH ZKHHOV WR VOLGH� ,I WKH
DXWRPDWLF DGMXVWHUV GR QRW DGMXVW WKH EUDNH VKRHV� D
TXDOLILHG VHUYLFH SHUVRQ PXVW FKHFN WKH RSHUDWLRQ DQG
FRQGLWLRQ RI WKH EUDNHV�

&$87,21
'R127XVHDQRLO VROYHQW WRFOHDQ WKHZKHHO F\OLQGHU�
8VH D VROYHQW DSSURYHG IRU FOHDQLQJ RI EUDNH SDUWV�
'R QRW SHUPLW RLO RU JUHDVH LQ WKH EUDNH IOXLG RU RQ
WKH EUDNH OLQLQJV�

&KHFN WKH EUDNH OLQLQJ DQG SDUWV RI WKH EUDNH DVVHPEO\
IRU ZHDU RU GDPDJH� 6HH WKH VHFWLRQV 7+( %5$.(
6<67(0 RI WKH6(59,&(0$18$/� IRU WKH UHPRY�
DO DQG LQVWDOODWLRQ SURFHGXUHV RI WKH GULYH ZKHHOV DQG
KXEV� ,I WKH EUDNH OLQLQJV RU EUDNH VKRHV DUH ZRUQ RU
GDPDJHG� WKH\ PXVW EH UHSODFHG� %UDNH VKRHV PXVW EH
UHSODFHG LQ FRPSOHWH VHWV� ,QVSHFW WKH EUDNH GUXPV IRU
FUDFNV RU GDPDJH� 5HSODFH DQ\ GDPDJHG SDUWV�

&217$&7256

$OZD\V UHSODFH WKH FRQWDFWV RI D FRQWDFWRU DV D FRPSOHWH
VHW� 6HH WKH PRWRU FRQWUROOHU VHFWLRQV RI WKH 6(59,&(
0$18$/ IRU UHSODFHPHQW DQG DGMXVWPHQWSURFHGXUHV�

:+((/ %($5,1*6

6WHHU :KHHOV� /XEULFDWLRQ

/XEULFDWH WKH ZKHHO EHDULQJV LQ WKH KXEV IRU WKH VWHHU
ZKHHOV ZLWK PXOWL��SXUSRVH JUHDVH DV GHVFULEHG LQ WKH
VHFWLRQ 7+( 67((5,1* $;/(� ���� 650 ���
(������;06� (������;06�� WKH VHFWLRQ 7+(

67((5,1* $;/(� ���� 650 ��� (������;0�
(������;0� RU WKH VHFWLRQ 7+( 67((5,1* $;/(�
���� 650 ��� -������;0� -������;0� RI WKH 6(5�
9,&( 0$18$/

'ULYH :KHHOV� /XEULFDWLRQ

/XEULFDWH WKH LQQHU ZKHHO EHDULQJV LQ WKH KXEV IRU WKH
GULYH ZKHHOV ZLWK PXOWL��SXUSRVH JUHDVH DV GHVFULEHG LQ
WKH VHFWLRQ'5,9($;/(� 63(('5('8&(5$1'
',))(5(17,$/� ���� 650 ��� (������;06�
(������;06�� WKH VHFWLRQ '5,9( $;/(� 63(('
5('8&(5 $1' ',))(5(17,$/� ���� 650 ���
(������;0� (������;0� RU WKH VHFWLRQ '5,9(
$;/(� 63(('5('8&(5$1'',))(5(17,$/�
���� 650 ��� -������;0� -������;0� RI WKH 6(5�
9,&( 0$18$/�

/,)7 &+$,16

:$51,1*
&OHDQLQJ VROYHQWV FDQ EH IODPPDEOH DQG WR[LF� DQG
FDQ FDXVH VNLQ LUULWDWLRQ� :KHQ XVLQJ FOHDQLQJ VRO�
YHQWV� DOZD\V IROORZ WKH UHFRPPHQGDWLRQV RI WKH
PDQXIDFWXUHU�

&RPSUHVVHG DLU FDQ PRYH SDUWLFOHV VR WKDW WKH\
FDXVH LQMXU\ WR WKH XVHU RU WR RWKHU SHUVRQQHO� 0DNH
VXUH WKDW WKH SDWK RI WKH FRPSUHVVHG DLU LV DZD\ IURP
DOO SHUVRQQHO� :HDU SURWHFWLYH JRJJOHV RU D IDFH
VKLHOG WR SUHYHQW LQMXU\ WR WKH H\HV�

5HPRYH WKH OLIW FKDLQV� &OHDQ WKH OLIW FKDLQV E\ VRDNLQJ
WKHP LQ D VROYHQW WKDW KDV D SHWUROHXPEDVH IRU DW OHDVW ��
PLQXWHV� 8VH FRPSUHVVHG DLU WR FRPSOHWHO\ GU\ WKH
FKDLQV ZKHQ WKH\ DUH FOHDQ�

/XEULFDWH WKH OLIW FKDLQV E\ VRDNLQJ WKHP LQ ��:HQJLQH
RLO IRU DW OHDVW �� PLQXWHV� 5HPRYH WKH FKDLQV IURP WKH
RLO� +DQJ WKH FKDLQV IRU RQH KRXU VR WKDW H[FHVV RLO ZLOO
GUDLQ IURP WKH FKDLQV�

*(1(5$/ 352&('85(6

+2: 72 &+$5*( 7+( %$77(5<

:$51,1*
7KH DFLG LQ WKH HOHFWURO\WH FDQ FDXVH LQMXU\� ,I HOHF�
WURO\WH LV VSLOOHG� XVH ZDWHU WR IOXVK WKH DUHD� 0DNH
WKH DFLG QHXWUDO ZLWK D VROXWLRQ RI VRGLXP ELFDUERQ�

DWH �VRGD� DQGZDWHU� $FLG LQ WKH H\HVPXVW EH LPPH�
GLDWHO\ IOXVKHG ZLWK ZDWHU�

%DWWHULHVJHQHUDWHH[SORVLYH IXPHVZKHQ WKH\DUHEH�
LQJ FKDUJHG�.HHS ILUH� VSDUNV DQG EXUQLQJPDWHULDO



��

�� :KHQ WKH 307 FLUFXLW GLVDEOHV WKH WUDFWLRQ FRQWURO�
WXUQ WKH NH\ WR WKH ´2))µ SRVLWLRQ� ,I WKH 307 FLUFXLW
GRHV QRW GLVDEOH WKH WUDFWLRQ FRQWURO� UHSODFH WKH FRQWURO
FDUG� 6HH WKH WKH VHFWLRQV�

� (9�����=;É02725 &21752//(5� 'H�
VFULSWLRQ	2SHUDWLRQ$QG5HSDLUV	$GMXVW�
PHQWV� ���� 650 ���

� (9��7���É 75$16,6725 02725 &21�
752//(5� 'HVFULSWLRQ 	 2SHUDWLRQ $QG
5HSDLUV 	 $GMXVWPHQWV� ���� 650 ���

��65�6(0�7UDQVLVWRUPRWRUFRQWUROOHU�'LVFRQQHFW
WKH EDWWHU\ DQG GLVFKDUJH FDSDFLWRU�V� &� DV SUHYLRXVO\
GHVFULEHG LQ WKH :$51,1*� 'LVFRQQHFW RQH RI WKH
SRZHU OHDGV IRU WKH PRWRU ILHOG �)� RU )�� DW WKH WRS RI
WKH65PRWRU FRQWUROOHU�0DNH VXUH WKDW WKH HQGRI WKH)�
RU )� OHDG GRHV QRW WRXFK DQ\ RWKHU VXUIDFH� &RQQHFW WKH
EDWWHU\� $SSO\ WKH VHUYLFH EUDNHV DQG DFWXDWH WKH0RQR�
WURO FRQWURO SHGDO RU WKH GLUHFWLRQ FRQWURO OHYHU DQG DF�
FHOHUDWRU IRU VORZ PRYHPHQW LQ WKH )25:$5' RU 5(�
9(56( GLUHFWLRQ� 7KH WUDFWLRQ PRWRU ZLOO WU\ WR UXQ IRU
DSSUR[LPDWHO\RQH VHFRQGDQG WKHQQRWRSHUDWH�$VWDWXV
FRGH �� ZLOO DSSHDU RQ WKH /&' VFUHHQ RI WKH 6(0'LV�
SOD\ 3DQHO�

�� :KHQ WKH 307 FLUFXLW GLVDEOHV WKH WUDFWLRQ FRQWURO�
WXUQ WKH NH\ WR WKH2))SRVLWLRQ� ,I WKH307FLUFXLW GRHV
QRW GLVDEOH WKH WUDFWLRQ FRQWURO� UHSODFH WKH PRWRU FRQ�
WUROOHU� 6HH WKH WKH VHFWLRQV�

� 75$16,6725 02725 &21752//(56
�65 $1' 63�� 'HVFULSWLRQ 	 2SHUDWLRQ $QG
5HSDLUV 	 $GMXVWPHQWV� ���� 650 ���

��� 'LVFRQQHFW WKH EDWWHU\� RSHQ WKH HOHFWULFDO FRPSDUW�
PHQW DQG GLVFKDUJH FDSDFLWRUV &� DV GHVFULEHG LQ WKH
HDUOLHU :$51,1*�

��� &RQQHFW WKH JDWH OHDG� GLVFRQQHFW DQ\ MXPSHU ZLUHV
RU FRQQHFW WKH )� RU )� OHDGV� &RQQHFW WKH EDWWHU\� 5DLVH
WKH GULYH ZKHHOV DQG UHPRYH WKH EORFNV� &KHFN IRU QRU�
PDO RSHUDWLRQ RI WKH WUDFWLRQ PRWRU�

:(/',1* 5(3$,56

6RPH UHSDLUV UHTXLUH ZHOGLQJ� ,I DQ DFHW\OHQH RU DUF
ZHOGHU LV XVHG� GR WKH SURFHGXUHV LQ WKH IROORZLQJ
:$51,1* DQG &$87,21�

:$51,1*
:HOGLQJ FDQ FDXVH D ILUH RU DQ H[SORVLRQ� $OZD\V IRO�
ORZ WKH LQVWUXFWLRQV LQ WKH )5$0( VHFWLRQ RI WKH
6(59,&( 0$18$/ LI D IXHO RU K\GUDXOLF WDQN
PXVW EH ZHOGHG� 0DNH VXUH WKHUH LV QR IXHO� RLO� RU
JUHDVH QHDU WKH ZHOG DUHD� 0DNH VXUH WKHUH LV JRRG
YHQWLODWLRQ LQ WKH DUHD ZKHUH WKH ZHOGLQJ PXVW EH
GRQH�

'R QRW KHDW� ZHOG� RU EHQG IRUNV� )RUNV DUH PDGH RI
VSHFLDO VWHHO XVLQJ VSHFLDO PHWKRGV� *HW LQIRUPDWLRQ
IURP \RXU GHDOHU IRU +\VWHU OLIW WUXFNV EHIRUH ZHOG�
LQJ RQ D PDVW�

&$87,21
:KHQ DQ DUF ZHOGHU LV XVHG� DOZD\V GLVFRQQHFW WKH
EDWWHU\ FRQQHFWRU RQ WKH OLIW WUXFN� 7KLV DFWLRQ ZLOO
SUHYHQW GDPDJH WR WKH 6&5 FRQWURO�

&RQQHFW WKHJURXQGFODPS IRU WKH DUFZHOGHU DV FORVH
DV SRVVLEOH WR WKH ZHOG DUHD� 7KLV DFWLRQ ZLOO SUHYHQW
GDPDJH WR D EHDULQJ IURP WKH ODUJH FXUUHQW IURP WKH
ZHOGHU�

&+$1*(6 72 7+( 29(5+($' *8$5'

:$51,1*
'R QRW RSHUDWH WKH OLIW WUXFN ZLWKRXW WKH RYHUKHDG
JXDUG FRUUHFWO\ IDVWHQHG WR WKH OLIW WUXFN�

'RQRWPDNH FKDQJHV WR WKH RYHUKHDGJXDUGE\ZHOG�
LQJ RU GULOOLQJ�:HOGLQJ� RU GULOOLQJ KROHV WKDW DUH WRR
ELJ LQ WKH ZURQJ ORFDWLRQ� FDQ UHGXFH WKH VWUHQJWK RI
WKH RYHUKHDG JXDUG� 6HH \RXU GHDOHU IRU +\VWHU OLIW
WUXFNV EHIRUH PDNLQJ DQ\ FKDQJHV WR WKH RYHUKHDG
JXDUG�

7,5(6 $1' :+((/6� (������;0�
(������;0�

7KLV VHULHV RI OLIW WUXFNV XVH VROLG UXEEHU WLUHV� 6HH
),*85( ��� 6ROLG UXEEHU WLUHV PDGH IURP VRIWHU RU
KDUGHU PDWHULDO FDQ EH LQVWDOOHG DV RSWLRQDO HTXLSPHQW�
7KH WUHDG RQ WKH VROLG UXEEHU WLUHV FDQ EH HLWKHU VPRRWK
RU LW FDQ KDYH OXJV� (OHFWULF FRPSRXQG WLUHV DUH UHFRP�
PHQGHG� 'R QRW PL[ W\SHV RI WLUHV RU WUHDG RQ WKH OLIW
WUXFN�

:$51,1*
7KH W\SH RI WLUH LV VKRZQ RQ WKH QDPHSODWH� 0DNH
VXUH WKH QDPHSODWH LV FRUUHFW IRU WKH W\SH RI WLUHV RQ
WKH OLIW WUXFN�
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FIGURE 3. REMOVE THE BEARING CUP

1. PRY BAR
2. BEARING CUP

3. BEARING CAP
4. O–RING

8561
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3. Tilt the spindle and lift the spindle from the axle. If
necessary, remove the bearing and seals from the
spindle. If necessary, remove the wear sleeve and bear-
ing cup from the axle frame.

4. Repeat the procedure for the other spindle and tie rod.

Assembly And Installation 
(See FIGURE 4.)

1. Install new seals on the spindle. Lubricate the seals
with grease. If necessary, press new bearing cones on the
spindle.

2. Lubricate the bearings with wheel bearing grease.
Make sure  the bearings are filled with grease. If neces-
sary, press the new bearing cups into the steering axle
frame and bearing cap. Install the wear sleeve in the
steering axle frame.

FIGURE 4. SPINDLE ASSEMBLY

1. GREASE CAP
2. BEARING 

ASSEMBLY
3. WEAR SLEEVE
4. SEAL
5. SPINDLE

1
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2

2

6. SEAL
7. SHIMS
8. O–RING
9. BEARING CAP

10. BEARING CONE
11. BEARING CUP

11

6

10

3. Install the spindle in the steering axle.  Install the bear-
ing cap without the O–rings. Measure the clearance be-
tween the bearing cap and the axle. See FIGURE 2. Re-
move the bearing cap and install enough shims to give a
preload of 0.00 to 0.13 mm (0.000 to 0.005 in).

NOTE:  The spindle bearings must have no clearance.
Install shims 0.00 mm to 0.13 mm (0.000 to 0.005 in)
less than the measured gap.

4. Install the O–ring on the bearing cap. Install the bear-
ing cap and capscrews. Tighten the capscrews to 44 Nm
(32 lbf ft).

5. Install the tie rod to the spindle arm or steering cylin-
der. If removed, tighten the castle nut to 163 Nm (120 lbf
ft). Tighten the castle nut until the cotter pin can be
installed.

6. Install the grease cap on the top of the steering axle.

7. Repeat the procedure for the other spindle and tie rod.
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6HDOV WKDW DUH ZRUQ RU GDPDJHG DUH WKH PRVW FRPPRQ
FDXVH RI SXPS UHSDLU� 7KH SXPS EHDULQJV� JHDUV� DQG
VKDIWV DOVR ZHDU� 0RVW VHUYLFH SHUVRQV GR QRW UHSDLU D
ZRUQ SXPS� 7KH FRVW RI UHSDLUV FDQ EH JUHDWHU WKDQ WKH

FRVW RI D QHZ SXPS� 7KH VHDOV FDQ EH UHSODFHG LQ WKH K\�
GUDXOLF SXPS� 5HSODFH D K\GUDXOLF SXPS WKDW LV ZRUQ RU
GDPDJHG�

7KH SRZHU VWHHULQJ SXPS LV D VLQJOH VHFWLRQ JHDU SXPS
WKDW LV IDVWHQHG WR WKH SRZHU VWHHULQJ PRWRU� 7KH LQOHW
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