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INTRODUCTION

GENERAL

This section has the description, disassembly, assem-
bly, checks and adjustments for the attachment. Trou-
bleshooting and specification tables are at the end of the
section.

DESCRIPTION (See FIGURE 1., FIGURE 2.
and FIGURE  3. )

The mast lifts and lowers the attachment.

The N30XMH attachment has an optional side shift
carriage. Load rollers on this carriage fit into the chan-
nels of the inner mast. A traverse frame mounts on the
side shift carriage with rollers. A side shift cylinder
connects the side shift carriage and the traverse frame.
Actuation of the cylinder rod moves the entire attach-
ment to the right or left of the lift truck. This movement
is the optional ”side shift” function.

On trucks without side shift, load rollers on the traverse
frame fit into the channels of the inner mast.

A boom is fastened to the traverse frame by  rollers. The
boom is moved left and right by a traverse cylinder and
chain arrangement. One end of each chain is connected
to the traverse frame. The other end of each chain is
connected to the boom. As the shell of the traverse cyl-
inder moves to the left or right, it pulls the boom in the
same direction. This movement is the ”traverse” func-
tion.

A rotary actuator is attached to the end of the boom. A
fork carriage is fastened to the rotary actuator. The
rotary actuator moves the fork carriage and forks in a
180 degree arc for left and right hand load handling.
Movement of the forks in an arc is the ”rotate” function.

Movement of all of these parts are controlled by the hy-
draulic control levers beside the seat. Information on
the hydraulic valves for the attachment are in the sec-
tion for the HYDRAULIC SYSTEM, 1900 SRM 559.

FIGURE 1. N30XMH ATTACHMENT

1. CONTROL LEVERS
2. 3–STAGE MAST
3. TRAVERSE FRAME
4. BOOM
5. FORK CARRIAGE
6. FORKS
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FIGURE 2. OPERATION OF MASTER CYLINDER

When the brakes are “OFF,” the hydraulic fluid
can move freely between the dual circuit system
and the separate chambers of the fluid reservoir.

When the brake pedal is pressed, the primary
piston moves in the cylinder bore. This move-
ment creates hydraulic pressure that combines
with the force of the primary spring. These com-
bined forces overcome the secondary spring
force and move the secondary piston in the
bore with the primary piston. The first move-
ment of both pistons pushes the seals (2) past
the bypass holes in the chambers A and C.
This action applies pressure to the fluid in those
chambers and causes fluid to flow to the cham-
bers of the two separate systems. The fluid in
chambers B and D is not effected by movement
of the pistons. This fluid can move freely be-
tween the piston chambers and the chambers
of the fluid reservoir, before and during brake
application.

When the brake pedal is released, the re-
turn springs cause the pistons to retract
faster than the fluid. This action causes a
vacuum between the fluid in chambers A
and C. The vacuum causes the seals (2)
to change shape. When the seals change
shape, they permit the fluid in chambers
B and D to flow through the holes in the
pistons and past the seals into chambers
A and C. The supply holes in the cylinder
body supplies fluid as the flow moves
from the one chamber to the other cham-
ber. The fluid returns to the reservoir
through the bypass holes when the pis-
tons are fully retracted.
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MASTER CYLINDER

Removal (See FIGURE 11.)

1. Remove the floor plates from the lift truck for access
to the master cylinder.

2. Loosen and remove the two brake hydraulic lines
from the master cylinder. Disconnect the wire at the
switch on the reservoir.

3. Remove the cotter pin, washer, and pin from the push
rod end that is attached to the brake linkage lever arm.

4. Remove the capscrews, washers, and nuts that hold
the master cylinder to the bracket assembly and remove
the master cylinder from the lift truck.

Cleaning And Inspection

CAUTION
DO NOT use an oil solvent to clean the master cylin-
der, wheel cylinder, or the brake linings. Use a sol-

vent approved for cleaning of brake parts. Do not
permit oil or grease in the brake fluid or on the lin-
ings.

Inspect the bore of the master cylinder for holes or
scratches. Replace the master cylinder assembly if there
is damage.

Repair

See the repair procedures for the master cylinder in
FIGURE 12.

Installation (See FIGURE 11.)

Use the reverse order of Removal to install the master
cylinder. Check the adjustment of the brake pedal as de-
scribed in CHECKS AND ADJUSTMENTS.

FIGURE 11. MASTER CYLINDER

4. RETURN SPRING
5. BODY
6. PIN
7. SEAL
8. SECONDARY 

PISTON
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1. CAP
2. RESERVOIR
3. SEAL

9. SEAL
10. SPRING
11. PRIMARY PISTON
12. WASHER
13. RETAINER RING
14. DUST COVER
15. ROD
16. LOCK NUT
17. CLEVIS
18. PRIMARY FLUID CHAMBER
19. SECONDARY FLUID 

CHAMBER
20. FLOAT
21. SWITCH (FLUID LEVEL)
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EUXVK KROGHU PXVW EH LQVWDOOHG LQ WKH VDPH SRVLWLRQ DV
WKH ROG KROGHU VR WKDW WKH WLPLQJ ZLOO EH FRUUHFW�
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7KH WHVWV GHVFULEHG LQ WKH IROORZLQJ SDUDJUDSKV DUH WR
KHOS VHUYLFH SHUVRQQHO FKHFN D PRWRU IRU GDPDJH DQG
GHWHUPLQH LI LW PXVW EH VHQW WR D UHSDLU VHUYLFH IRU UH�
EXLOW PRWRUV� 7KH UHVLVWDQFH FKHFNV ZLOO QRW QRUPDOO\
LQGLFDWH D VKRUW��FLUFXLW LQ D PRWRU ZLQGLQJ� $ UHVLVW�
DQFH JUHDWHU WKDQ � WR � RKPV FDQ LQGLFDWH D GDPDJHG
ZLQGLQJ� 7KH PRWRU PXVW EH UHPRYHG IURP WKH OLIW
WUXFN DQG GLVDVVHPEOHG DV VKRZQ LQ WKH LOOXVWUDWLRQV
EHIRUH WKH WHVWV FDQ EH GRQH�

7HVW )RU $Q 2SHQ &LUFXLW ,Q 7KH $UPDWXUH
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7KH DUPDWXUH ZLQGLQJV LQ ODUJH HOHFWULF PRWRUV QRU�
PDOO\ KDYH OHVV WKDQ RQH RKP RI UHVLVWDQFH� 7KH WZR
FRPPXWDWRU EDUV IRU D ZLQGLQJ DUH IRXQG ��� GHJUHHV
DSDUW RQ WKH FRPPXWDWRU� ,I DQ RKPPHWHU �5 [ �
VFDOH� LV XVHG WR FKHFN WKH UHVLVWDQFH EHWZHHQ WKH WZR
FRPPXWDWRU EDUV RI WKH ZLQGLQJ� D UHVLVWDQFH RI PRUH
WKDQ RQH RKP LQGLFDWHV D SUREOHP LQ WKDW ZLQGLQJ� $
UHVLVWDQFH RI LQILQLW\ ��� LQGLFDWHV DQ RSHQ �GDPDJHG�
ZLQGLQJ�

),*85( ��� 7(67 )25 $1 $50$785(
23(1��&,5&8,7

�� &20087$725 %$56
�� 7(67 352%(6 $7 �� '(*5(( 6(3$5$7,21

�

�

,I WKH DUPDWXUH KDV DQ RSHQ FLUFXLW� WKHUH ZLOO QRUPDO�
O\ EH WZR EXUQHG FRPPXWDWRU EDUV RQ RSSRVLWH VLGHV
RI WKH FRPPXWDWRU� 7KHVH EXUQHG DUHDV ZLOO FDXVH WKH
EUXVKHV WR ZHDU UDSLGO\� :KHQ WKH PRWRU RSHUDWHV�
ODUJH HOHFWULF VSDUNV DQG DUFV RFFXU DV WKH GDPDJHG
FRPPXWDWRU EDUV URWDWH XQGHU HDFK EUXVK� 6HH
),*85( ��

7HVW )RU $ 6KRUW��&LUFXLW ,Q 2QH $UPDWXUH
:LQGLQJ �6HH ),*85( ����

$ VKRUW��FLUFXLW LQ D PRWRU ZLQGLQJ LV GLIILFXOW WR WHVW
EHFDXVH RI WKH QRUPDO ORZ UHVLVWDQFH �OHVV WKDQ RQH
RKP� RI D JRRG DUPDWXUH� 6SHFLDO HTXLSPHQW LV QHFHV�
VDU\ WR FKHFN IRU D VKRUW��FLUFXLW LQ D PRWRU ZLQGLQJ�
$ PRWRU ZLWK D VKRUW��FLUFXLW LQ DQ DUPDWXUH ZLQGLQJ
ZLOO KDYH D GLIIHUHQW VRXQG ZKHQ LW EHJLQV WR RSHUDWH�
EXW D VHUYLFH SHUVRQ PXVW KDYH H[SHULHQFH WR KHDU DQG
XQGHUVWDQG WKH GLIIHUHQFH LQ VRXQG� $ ZLQGLQJ ZLWK D
VKRUW��FLUFXLW ZLOO DOVR UXQ KRWWHU WKDQ D JRRG ZLQGLQJ
DQG FDQ KDYH LQGLFDWLRQV RI KHDW GDPDJH� $ ZLQGLQJ
WKDW VKRZV KHDW GDPDJH ZKHQ WKH RWKHU ZLQGLQJV DUH
QRUPDO FDQ KDYH D VKRUW��FLUFXLW�

�

�
�� &20087$725 %$56
�� 7(67 )25 6+257 &,5&8,7

%(7:((1 :,1',1*6
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FIGURE 5. WIRING DIAGRAM, E2.00–3.20XM (E45–65XM) AND N30XMH

1340790 2/5 R3

1

Wire 60, between Power Steering Contactor and Traction PB3, is not connected when On–Demand Steering is installed.1

E2.00–3.20XM (E45–65XM) AND N30XMH SCR TRACTION MOTOR
CONTROLLER, CONTACTOR CONTROL OF PUMP MOTORS AND

ENHANCED DISPLAY



��

FIGURE 11. WIRING DIAGRAM, J2.00–3.20XM (J40–65XM)

Wire 60, between Power Steering Contactor and Traction PB3, is not connected when On–Demand Steering is installed.

3

J2.00–3.20XM (J40–65XM) SCR TRACTION MOTOR CONTROLLER,
CONTACTOR CONTROL OF PUMP MOTORS AND STANDARD DISPLAY

2

1

With Lift Interrupt, wires 10–2 and 10–3 are connected together and insulated, but not connected to Pump Contactor.
The BRN/YEL wire is connected to the + term. (10–2, 10–3 term) of the Pump Contactor.

Wire terminals of wires 37 and 10–3, for contactor coil, are insulated when Field Weakening is not installed.

1

2

2

3

1364913 3/5 R4
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FIGURE 21. TRUCK POWER CABLES, J2.00–3.20XM (J40–65XM)

13. PUMP MOTOR TERMINAL S2
(POWER CABLE P3)

14. PUMP MOTOR TERMINAL A2
(POWER CABLE P10)

15. TRACTION MOTOR TERMINAL S2
(POWER CABLE P13)

16. TRACTION MOTOR TERMINAL A1
(POWER CABLE P5)

17. TRACTION MOTOR TERMINAL A2
(POWER CABLE P9)

18. TRACTION MOTOR TERMINAL S1
(POWER CABLE P14)

1

12

13

2

34

6

9
10

11

16

1. TRACTION MOTOR
2. LIFT PUMP MOTOR
3. STEERING PUMP MOTOR
4. POWER DISCONNECT
5. POWER CABLE 1P3
6. POWER CABLE 1P2
7. POWER CABLE 1P1
8. POWER CABLE 2P1
9. POWER CABLE P14

10. POWER CABLE P9
11. POWER CABLE P5
12. POWER CABLE P13

14

18

1364900 1/5 R6

1364900 2/5 R6

For all 36/48 Volt & for
72/80 Volt w/SCR Hyd.

For 72/80 Volt w/SCR Hyd.

7
8

4

Traction motor power cables are
on right–hand side of lift truck.

2

1

1
3

7

13
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WHT/GRN∇

RED/GRN∇
BLK/GRN ∇

YEL/GRN∇

WHT/BLU ∇

GRN∇

♦

LIGHT SWITCHES AND
FRONT LIGHTS

CHASSIS LIGHT HARNESS

POWER HARNESS,
TRUCK VOLTAGE

(North American Trucks Only)

POWER HARNESS,
12 VOLTS

(Some European Trucks Only)

POWER HARNESS,
TAPPED BATTERY

(Some European Trucks Only)

TO 12V BATTERY 
TAP OF FIGURE 1.

ALSO SEE FIGURE 30.

TERM. STRIP
(BATT NEG STUD)

TERM. STRIP
(KEY SW IGN TERM)

TERM. STRIP
(KEY SW IGN TERM)

TERM. STRIP
(BATT NEG STUD)

TERM. STRIP
(BATT NEG STUD)

TERM. STRIP
(KEY SW IGN TERM)

FRONT
DRIVE
LIGHTS

FRONT DRIVE LIGHTS AND
BRAKE & REVERSE LIGHTS

SWITCH

REAR DRIVE
LIGHT SWITCH

OPERATOR COMPARTMENT LIGHT
SWITCH (U.S. ONLY)

OR FLASHING LIGHT SWITCH
(NON U.S.)

STOP LIGHT

REVERSE CONTACTOR COIL
NEGATIVE (WIRE 23 TERM)

OF FIGURE 1.

PA1 TB5 TB6

BATT +  (Input)

BATT– (Input)

12V– (Output)

12V+ (Output)

BATTERY
NEGATIVE

DC TO  DC
CONVERTER

 SWITCH

NOTE: Spot Light is not installed for
trucks in the United States or Canada.
NOTE: Right–hand Front Drive Light is
not installed if Spot Light is installed.

REVERSE CONTACTOR COIL
POSITIVE (WIRE 15–2 TERM)

OF FIGURE 1.

SPOT LIGHT
& SW ASSY

TO FUSE 5 
OF FIGURE 1.

IN–LINE FUSE
30A

70

TERMINALS OF
TRACTION

CONTROL CARD.
FIGURE 1.

CONNECTOR ON E2.00–3.20XM
E40–65XM and N30XMH UNITS ONLY.

J2.00–3.20XM (J40–65XM) UNITS HAVE
CONTINUOUS WIRES.

FIGURE 31. LIGHTING SCHEMATIC (CHASSIS)

1364861 R4
(modified)

TB2

♦  E2.00–3.20XM (E45–65XM) and N30XMH ONLY
∇  J2.00–3.20XM (J40–65XM) ONLY

♦∇

♦

♦

♦

♦

♦

∇

♦

♦

♦
♦

♦

♦

WHT/GRN∇♦ ♦WHT/GRN∇
TO FIGURE 32.
OR FIGURE 33.

BRN/PUR

BLK/PUR

BLK

BRN/WHT

BLK

∇
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FIGURE 4. LOWER THE DRIVE AXLE TO THE
SURFACE

11540

FIGURE 5. REMOVE THE DRIVE AXLE FROM
THE LIFT TRUCK

11541

5. Remove the drive wheels and lower the lift truck so
that the drive axle and the front of the frame is on the
floor. (The steering wheels are on the floor and hold the
end of the frame with the counterweight.)

6. Remove the 7/8 x 14 UNF bolts that hold the axle
mounts to the frame. Turn the axle mounts forward so
that there is additional clearance for removal of the drive
axle.

NOTE:  Some early models of the electric XL series of
lift trucks have M20 x 2.5 x 80 bolts instead of 7/8 x 14
UNF bolts.

7. Remove the mounting bolts for the hydraulic filter.
With the hoses still attached to the filter, move the filter
to improve access to the mounting bolt for the
transmission.  Remove the mounting bolt that is located
on the top of the transmission/differential assembly (see
item 12, FIGURE 2.)

8.  Slide the drive axle assembly from the lift truck. Use
a crane and slings to move the drive axle to a work space.

Disassembly of the Drive Axle

1. Remove the capscrews that hold the axle shaft to the
hub. There are two holes with threads in the flange of the
axle shaft.  Put capscrews (M12 x 1.75) in these holes to
loosen the axle shaft from the hub.

2. Bend the lock plate so that the nut can be removed
from the axle spindle. Remove the nut, lock plate,
washer, and bearing cone. Carefully slide the hub and
brake drum assembly from the spindle. Keep the spindle
in the center of the hub and brake drum assembly during
removal so that the oil seal in the hub is not damaged.
Do not permit oil or grease to get on the brake shoes.

3. Remove the inner bearing cone from the spindle.
[E/J1.25–1.75XL (E25–35XL) models also have a
spacer between the grease seal and the shoulder of the
wheel spindle.]

4.  If the brakes must be repaired, disassemble the brake
assembly as described in the section for THE BRAKES.
If disassembly of the brakes is not required, slide the
brake assembly and the axle mount bracket from the
axle spindle.

5.  The axle spindles are not normally removed from the
differential housing. If repairs are necessary, remove the
16 M12 x 1.75 x 35 capscrews that hold the axle
spindles to the differential housing. Remove the axle
spindles.

6. Remove the six M10 x 1.5 x 30 capscrews and
washers and the two M10 x 1.5 x 40 capscrews and
washers from the bottom of the differential housing.
Remove the transmission and differential assembly
from the differential housing.
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See Figure 3 for the variation in the mounts for the drive
wheels and axles. When the capscrews are not used for
the drive wheel mounts, install the 10 M14 x 1.75 x 35
capscrews and tighten them to 155 N.m (115 lbf ft).

E2.00–3.00XL (E40–60XL). Install the eight M12 x
1.75 x 35 capscrews and tighten to 90 N.m (66 lbf ft).

J2.00–3.00XL (J40–60XL). Install the eight M12 x
1.75 x 35 capscrews and tighten to 98 N.m (72 lbf ft).

E2.00–3.20XM (E45–65XM) and N30XMH. Install
the eight M12 x 1.75 x 35 capscrews and tighten to 90
N.m (66 lbf ft).

INSTALLATION OF THE DRIVE AXLE
ASSEMBLY

1. Use a crane to move the drive axle assembly to the
floor in front of the lift truck. Slide the drive axle
assembly in position under the lift truck. Turn the axle
mounts forward so that there is additional clearance for
installation of the drive axle.

2. Align the bolt holes in the axle mounts and the frame.
The lower edge of the speed reducer housing must be
raised over the frame cross member so that the drive axle
assembly can be aligned with the frame. Install the bolts
to fasten the mount brackets to the frame. See the
following NOTE.

NOTE:  Some early models of the electric XL series of
SitDrives used M20 x 2.5 x 80 bolts to fasten the mount
brackets to the frame.  If the lift truck has these metric
bolts, use the following torque values:
If the torque wrench is on the head of the bolt, tighten the
bolt to 540 N.m (400 lbf ft). If the torque wrench is on
the nut, tighten the nut to 473 N.m (350 lbf ft).
Later models of the electric XL series SitDrives use
special 7/8 x 14 UNF bolts. This special set of hardware
has the following Hyster part numbers: 366714 (7/8 x 14
UNF bolt) 366713 (washer) 366715 (hex nut) Other
nuts and bolts must not be used to replace these special
bolts because of the high torque values.

3. Use a crane or jack to raise the drive axle from the
floor so that the drive wheels can be installed.  Install the
drive wheels.

E1.25–1.75XL (E25–35XL). Tighten the wheel nuts to
155 N.m (115 lbf ft).

E/J2.00–3.00XL (E/J40–60XL). Tighten the wheel nuts
to 237 to 305 N.m (175 to 225 lbf ft).

E2.00–3.20XM (E45–65XM) and N30XMH. Tighten
the wheel nuts to 237 to 305 N.m (175 to 225 lbf ft).

4. Put the drive wheels of the lift truck on blocks.

E/J1.25–1.75XL (E25–35XL). Install the hand lever
assembly for the parking brake. Carefully slide the hand
lever assembly and cables past the hydraulic lines and
electric wires so that the hand lever assembly can be
fastened in position on the cowl. Tighten the retainer
that holds the lines and cables near the floor plate.
Install the two M8 x 1.25 x 40 capscrews and washers
that hold the hand lever assembly to the cowl mount.
DO NOT tighten the capscrews more than 12 N.m (9 lbf
ft) or you will bend the hand lever assembly enough to
cause it to malfunction.

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

E2.00–3.20XM (E45–65XM) and N30XMH. Attach
the park brake assembly to the frame.

5. Connect the brake lines to the wheel cylinders. Make
sure there is brake fluid in the reservoir. Remove the air
from the brake lines (See NOTE below).

NOTE:  Make sure that a small hose is installed from the
special fitting to a container for brake fluid when air is
removed from the brake lines. If brake fluid is permitted
to flow freely over the parts of the drive axle in this area,
it can cause problems in the lubrication in the mast
pivots and cause early failure of some grease seals.

6. Adjust the clearance of the brake shoes as described in
the section for THE BRAKES.

7. Install the traction motor. See the FRAME section for
procedures to install the traction motor.

8. Install and tighten the drain plug. Fill the differential
housing with SAE 90 EP gear oil through the fill hole
until the oil level is even with the bottom of the fill hole.
Install the plug.

9. Install the mast as described in the section for THE
MASTS. Install the battery as described in the
PERIODIC MAINTENANCE section. Remove the
blocks so that the lift truck is on its wheels.
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7KH KRXUPHWHU GLVSOD\ VKRZV WKH RSHUDWLQJ WLPH
RI ���� WR ���� KRXUV� 7KH WLPH IRU WKH WUDFWLRQ
FLUFXLW LV VKRZQ IRU IRXU VHFRQGV DIWHU WKH OLIW
WUXFN KDV EHHQ RSHUDWLQJ DQG WKH NH\ LV WXUQHG WR
WKH 2)) SRVLWLRQ� 7KH LQGLFDWRU OLJKWV IRU WKH
WUDFWLRQPRWRU ��� DQG IRU WKH KRXUPHWHU ����ZLOO
DOVR EH LOOXPLQDWHG GXULQJ WKLV WLPH� ,I WKHUH LV DQ
6&5 FRQWURO FDUG IRU WKH K\GUDXOLF SXPS PRWRU�
WKLV WLPHZLOO WKHQ EH VKRZQ RQ WKH KRXUPHWHU IRU
DQRWKHU IRXU VHFRQGV� 7KH LQGLFDWRU OLJKWV IRU WKH
K\GUDXOLF PRWRU ��� DQG IRU WKH KRXUPHWHU ����
ZLOO DOVR EH LOOXPLQDWHG GXULQJ WKLV WLPH�

��� :DUQLQJ /LJKW� )DVWHQ 6HDW %HOW� 7KH UHG OLJKW
LV21 IRU HLJKW WR WHQ VHFRQGV DIWHU WKH NH\ VZLWFK
LV WXUQHG WR WKH 21 SRVLWLRQ�

��� :DUQLQJ /LJKW� %UDNH )OXLG5HVHUYRLU ,V /RZ
�(DUO\2QO\��7KH UHG OLJKW LV21 IRU RQH VHFRQG
ZKHQ WKH NH\ VZLWFK LV WXUQHG WR WKH 67$57
SRVLWLRQ DQGPXVW JR2))ZKHQ WKH NH\ VZLWFK LV
LQ WKH 21 SRVLWLRQ� ,I WKH ZDUQLQJ OLJKW LV 21
ZKHQ WKH NH\ VZLWFK LV LQ WKH 21 SRVLWLRQ� WKH
EUDNH IOXLG OHYHO LQ WKH UHVHUYRLU LV WRR ORZ�

��� :DUQLQJ /LJKW� 3DUNLQJ %UDNH ,QGLFDWRU� 7KH
UHG OLJKW LV21ZKHQ WKH SDUNLQJ EUDNH LV DSSOLHG
DQG WKH VHDW VZLWFK LV FORVHG� DQGJRHV2))ZKHQ
WKH SDUNLQJ EUDNH LV UHOHDVHG�

$ ZDUQLQJ EX]]HU ZLOO PDNH D QRLVH LI WKH
RSHUDWRU OHDYHV WKH VHDW �NH\ VZLWFK21� DQG WKH
SDUNLQJ EUDNH LV QRW DSSOLHG�

��� ,QGLFDWRU /LJKW� 6WHHULQJ 3XPS 0RWRU� 7KLV
OLJKWZLOO LOOXPLQDWHZLWK DQRWKHUZDUQLQJ OLJKW LI
D IDXOW RFFXUV LQ WKH VWHHULQJ SXPS PRWRU� ,I WKH
EUXVK ZHDU VHQVRU LV DFWLYDWHG LQ WKH PRWRU� WKH
ZDUQLQJ OLJKW� EUXVK ZHDU ��� ZLOO JR21 DQG WKH
LQGLFDWRU OLJKW IRU WKH VWHHULQJ SXPS PRWRU ZLOO
VKRZ ZKLFK PRWRU KDV WKH SUREOHP�

��� :DUQLQJ /LJKW� 0RWRU %UXVKHV $UH :RUQ�
:KHQ WKH VHQVRU IRU EUXVK ZHDU FORVHV� WKLV
ZDUQLQJ OLJKW DQG WKH LQGLFDWRU OLJKW IRU WKHPRWRU
WKDW KDV WKH SUREOHP ZLOO ERWK LOOXPLQDWH�

��� ,QGLFDWRU/LJKW�7UDFWLRQ0RWRU�7KLV OLJKWZLOO
LOOXPLQDWH ZLWK DQRWKHU ZDUQLQJ OLJKW LI D IDXOW
RFFXUV LQ WKH WUDFWLRQ PRWRU� ([DPSOH� ,I WKH
EUXVK ZHDU VHQVRU LV DFWLYDWHG LQ WKH PRWRU� WKH
ZDUQLQJ OLJKW� EUXVK ZHDU ��� ZLOO JR21 DQG WKH

LQGLFDWRU OLJKW IRU WKH WUDFWLRQ PRWRU ZLOO VKRZ
ZKLFK PRWRU KDV WKH SUREOHP�

��� ,QGLFDWRU /LJKW� +\GUDXOLF 0RWRU� 7KLV OLJKW
ZLOO LOOXPLQDWH ZLWK DQRWKHU ZDUQLQJ OLJKW LI D
IDXOW RFFXUV LQ WKH K\GUDXOLF SXPS PRWRU�
([DPSOH� ,I WKH WHPSHUDWXUH RYHU OLPLW VZLWFK
FORVHV LQ WKH PRWRU� WKH ZDUQLQJ OLJKW� PRWRU
WHPSHUDWXUH RYHU OLPLW ���� ZLOO JR 21 DQG WKH
LQGLFDWRU OLJKW IRU WKH K\GUDXOLF PRWRU ZLOO VKRZ
ZKLFK PRWRU KDV WKH SUREOHP�

���� :DUQLQJ OLJKW� 0RWRU 7HPSHUDWXUH 2YHU
/LPLW� 7KH WUDFWLRQ PRWRU DQG WKH K\GUDXOLF
SXPS PRWRU KDYH WKHUPDO VZLWFKHV LQVLGH WKH
PRWRUV� :KHQ WKH WHPSHUDWXUH LQFUHDVHV WR WKH
OLPLW VHW E\ WKH PDQXIDFWXUHU RI WKH PRWRU� WKH
WKHUPDO VZLWFK FORVHV DQG WKH ZDUQLQJ OLJKW RQ
WKH GLVSOD\ SDQHO LOOXPLQDWHV� 7KH LQGLFDWRU OLJKW
IRU WUDFWLRQ PRWRU ��� RU IRU WKH K\GUDXOLF PRWRU
��� ZLOO VKRZ ZKLFK PRWRU KDV WKH SUREOHP�

���� ��� 6HW /LIW 7UXFN 3HUIRUPDQFH�7KH OLIW WUXFN
FDQ EH VHW WR IRXU SHUIRUPDQFH OHYHOV E\ WKH
RSHUDWRU� �,I WKH FXVWRPHU GRHV QRW ZDQW WKLV
IXQFWLRQ DYDLODEOH WR WKH RSHUDWRU� D VHUYLFH
SHUVRQ FDQ VHW DOO IRXU OHYHOV WR WKH VDPH VHWWLQJ��
(DFK WLPH WKH RSHUDWRU SXVKHV WKH EXWWRQ �����
SHUIRUPDQFH OHYHO ZLOO LQFUHDVH E\ RQH VWHS� $W
WKH PD[LPXP �UDEELW� OHYHO� WKH SHUIRUPDQFH
OHYHOVZLOO EHJLQ DW WKH ORZHVW �WXUWOH� OHYHO DJDLQ�
7KH IRXU SHUIRUPDQFH OHYHOV VHW E\ WKH
PDQXIDFWXUHU DUH�

�� /RZ SHUIRUPDQFH IRU KDQGOLQJ IUDJLOH
ORDGV�
�� 0HGLXP VSHHG IRU OHVV FRQVXPSWLRQ RI
EDWWHU\ FKDUJH GXULQJ D ZRUN VKLIW�
�� +LJKHU SHUIRUPDQFH ZLWK KLJKHU
FRQVXPSWLRQ RI EDWWHU\ FKDUJH GXULQJ D
ZRUN VKLIW�
�� 0D[LPXP OLIW WUXFN SHUIRUPDQFH ZLWK
PD[LPXP FRQVXPSWLRQ RI EDWWHU\ FKDUJH�

7KH SHUIRUPDQFH VHWWLQJV FDQ EH PDGH ZLWK
HLWKHU WKH 3& RU WKH +DQG 6HW �)XQFWLRQV ��� ���
DQG ����

7KH IRXU SHUIRUPDQFH OHYHOV FDQ EH VHW WR DQ\
OHYHO XS WR WKH PD[LPXP OLPLWV� 7ZR RU PRUH
DGMDFHQW SHUIRUPDQFH OHYHOV FDQ EH VHW WR WKH
VDPH OLPLWV� 7KH SHUIRUPDQFH OHYHOV PXVW EH VHW
DW WKH VDPH RU LQ DVFHQGLQJ RUGHU �IURP WXUWOH WR
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6WDWXV &RGH 2U 3HUIRUPDQFH /HYHO 6ZLWFKHV
$QG ,QGLFDWRU /('V
�3HUIRUPDQFH 'LVSOD\ 3DQHO 2QO\�

127(�7KHVHVZLWFKHVRI WKH3HUIRUPDQFHGLVSOD\SDQ�
HO FDQQRW EH UHSODFHG DV VHSDUDWH FRPSRQHQWV� 7KH
VZLWFKHV PXVW EH UHSODFHG DV SDUW RI WKH 3HUIRUPDQFH
GLVSOD\ SDQHO� 6HH 5HSODFLQJ 'LVSOD\ 3DQHO $VVHPEO\
RI WKLV VHFWLRQ�

5HSODFH 3DUWV 2I 7KH %DVLF 'LVSOD\ 3DQHO
�6HH ),*85( ���

127(� 7KH SDUWV RI WKH %DVLF 'LVSOD\ 3DQHO FDQ EH UH�
SODFHG ZLWK WKH GLVSOD\ SDQHO RQ WKH VWHHULQJ FROXPQ� ,I
WKH DVVHPEO\KRXVLQJZLOO EH UHSODFHG� UHPRYH WKH FRP�
SOHWH DVVHPEO\ IURP WKH VWHHULQJ FROXPQDV GHVFULEHG LQ
5HSODFLQJ 'LVSOD\ 3DQHO $VVHPEO\�

127(�7KHIROORZLQJ LVDFRPSOHWHGLVDVVHPEO\SURFH�
GXUH�'R21/<WKRVH VWHSV QHFHVVDU\ WR UHSODFH WKH SDUW
\RX ZDQW UHSODFHG�

5HPRYH DQG UHSODFH WKH FRPSRQHQWV RI WKH %DVLF GLV�
SOD\ SDQHO DV IROORZV�

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

�� 5HPRYH WKH HLJKW VFUHZV WKDW IDVWHQ WKH WRS FRYHU WR
WKH SDQHO KRXVLQJ� 7KH VFUHZV DUH DW WKH ERWWRP RI WKH
KRXVLQJ� 6HH ),*85( �� 7KH KRXUPHWHU LV IDVWHQHG WR
WKH WRS FRYHU ZLWK WKH HOHFWULFDO FRQQHFWRU RQ WKH FLUFXLW
ERDUG LQVLGH WKH KRXVLQJ� &DUHIXOO\ OLIW WKH WRS FRYHU XS
RII WKH KRXVLQJ DQG WKH LQGLFDWRU /('V ZLWKRXW GDPDJ�
LQJ WKH2��ULQJJDVNHW�7KHJDVNHW IRU WKH/('LQGLFDWRUV
FDQ VWLFN WR WKH /(' KRXVLQJ DV WKH WRS FRYHU LV UH�
PRYHG� 'R QRW ORVH RU GDPDJH WKH JDVNHW� 'LVFRQQHFW
WKH WKUHH ZLUH FRQQHFWRU IRU WKH KRXUPHWHU�

�� ,I WKH KRXVLQJ RU ILOWHU IRU WKH LQGLFDWRUV ZLOO EH UH�
SODFHG� UHPRYH WKH VFUHZV WKDW IDVWHQ WKH /(' KRXVLQJ
WR WKH FRYHU� ,I WKH KRXUPHWHU RU KRXUPHWHU JDVNHW ZLOO
EH UHSODFHG� UHPRYH WKH VFUHZV WKDW IDVWHQ LW WR WKH WRS
FRYHU� ,QVWDOO WKH UHSODFHPHQW SDUWV WR WKH WRS FRYHU�
0DNH VXUH WKDW WKH KRXUPHWHU LV LQVWDOOHG VR WKDW LW FDQEH
UHDG DIWHU WKH FRYHU LV LQVWDOOHG�

�� 5HPRYH WKH QXW WKDW IDVWHQV WKH NH\ VZLWFK� 6HH
),*85( �� 5HPRYH WKH NH\ VZLWFK IURP WKH KRXVLQJ�
0DNH D QRWH RI ZKLFK ZLUHV DUH RQ ZKLFK WHUPLQDOV DQG
GLVFRQQHFW WKHZLUHV� ,QVWDOO WKHZLUHVRQ WKH VDPHWHUPL�
QDOV RI WKH UHSODFHPHQW VZLWFK�

�� $OLJQ WKH QRWFK LQ WKH VKDIW KRXVLQJ RI WKH NH\ VZLWFK
ZLWK WKH WDE LQ WKH KRXVLQJ RI WKH GLVSOD\ SDQHO� ,QVWDOO
WKH UHSODFHPHQW VZLWFK� 7LJKWHQ WKH QXW DQG FRQQHFW WKH
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EV–100ZX  SCR MOTOR CONTROLLER,
Description, Adjustments, Troubleshooting, Repairs, and Theory

GENERAL

Four SERVICE MANUAL  sections are required for
the complete Description, Checks, Adjustments, Re-
pairs, and Troubleshooting of this motor controller:

• EV–100ZX SCR MOTOR CONTROLLER,
Description, Adjustments, Troubleshooting,
Repairs, and Theory, 2200 SRM 557 (this sec-
tion)

• TROUBLESHOOTING AND ADJUST-
MENTS WITH A COMPUTER For
EV–100ZX And EV–T100 Motor Controllers,
2200 SRM 597

• EV–100ZX SCR MOTOR CONTROLLER,
Parameter Tables, 2200 SRM XXX (different
SRM number for different lift truck models)

• ELECTRICAL SYSTEM, Repairs, Checks
And Adjustments, 2200 SRM 560

This section describes the operation and the functions of
the EV–100ZX motor controller. The EV–100 and the
EV–200 series of motor controllers, used to control the
operation of electric lift trucks, are made by the General
Electric Company.

The EV–100 and the EV–200 series of motor controllers
are similar in design and function, but have different
control cards.

The “ZX” letters identify the controllers that have the
“ZX” series of diagnostic control cards. These control
cards can use an adapter for a serial cable that will con-
nect to a serial port on a personal computer for checks,
adjustments, and troubleshooting.

a. A Cable Kit, Control Card to Computer, is re-
quired (Hyster Part No. 1358471).

b. The HYTECH  software for a personal comput-
er is available on a 3.5 inch diskette (Hyster Part
No. 897702).

c. The Cable Kit and the 3.5 inch diskette with the
HYTECH  software are available from your
dealer for Hyster lift trucks.

These control cards have logic circuits and registers that
control and keep a record of the operations of the motor

controller. The registers also keep a record of possible
malfunctions of the motor controller that can indicate
the problems during troubleshooting.

This section has the following components:

a. A “Description” for the EV–100ZX SCR Motor
Controller.

b. A series of “Status Code Charts” that describe an
indication of a fault and its possible causes when
the code is shown on the instrument panel dis-
play.

c. Checks and replacement of the components of the
motor controller are described in “Repairs”.

d. A basic “Theory Of Operation” on how an SCR
motor controller operates.

An electronic diagnostic and adjustment device can also
be used to check and adjust the control cards. This elec-
tronic diagnostic and adjustment device is called a
“Hand Set” and is described later in this section. A com-
puter with the control software installed has access to
128 function registers on the control cards. The Hand
Set has access to less function registers on the control
card and can only make changes to a limited number of
the registers on the ZX control cards.

A description and the replacement of the instrument
panel display is also included in the repair section.

Most of the components of the EV–100 motor controller
can not be repaired, but must be replaced. This section
describes the procedures for using the electronic diag-
nostic and adjustment devices for checking and adjust-
ing the operation of the motor controller.

There are electrical components that are not part of the
motor controller, but give input signals to it. These com-
ponents include the following:

a. Key switch

b. START switch (earlier production units only).

c. Brake switch

d. Foot switch

e. Seat switch

f. Direction (FORWARD and REVERSE) switches
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REGISTER PARAMETERS

General

The “ZX” series of control cards have an electronic de-
vice called an EEPROM (Electrically–Erasable–Pro-
grammable–Read–Only–Memory). The EEPROM has
a number of memory elements called registers. These
registers can have electronic data stored in them to con-
trol an operation. The range of data that can be stored in
the registers is called a parameter. A parameter is a
measurement number that works with other measure-
ment numbers (parameters) to define a system. The EE-
PROM in the control card is a control system for the op-
eration of the lift truck.

The EEPROM used in the “ZX” series of control cards
has 128 registers.

WARNING
Each register in each control card has a range of
numbers so that the control card can be used on dif-
ferent models of lift trucks. This variation is needed
for lift trucks of different sizes and operating volt-
ages. Adjustment of the register to the wrong num-
ber for your  lift truck model can cause the truck to
operate differently than normal. This different oper-
ation of the truck can cause an injury.

Do NOT adjust any of the registers without using the
parameters shown in EV–100ZX SCR MOTOR
CONTROLLER, Parameter Tables, 2200 SRM 595.

NOTE:  The Parameter Tables show the permitted
ranges and the default setting for each control function.
The Factory Set Parameters are the recommended set-
tings for new units. These settings will give satisfactory
performance for most applications.

Some functions can be adjusted within the permitted
range to change the lift truck operation for a specific
application. Adjustment of a register to a number that is
different than the factory setting is allowed, but follow
the instructions carefully and stay within the minimum
and maximum limits. Adjustments other than the facto-
ry settings will cause the lift truck to operate differently
and can cause increased wear of parts.

Function Numbers

The Function Numbers are code numbers for the differ-
ent parameters that can be set for the “ZX” series control

cards. The Personal Computer or the Hand Set must be
used to adjust the parameters for the control card. There
is a description of the code numbers for the different
control cards in the Parameter Tables. These Parame-
ter Tables have the correct setting numbers for the pa-
rameters on each control card.

CONTROL CARD, CHECKS AND
ADJUSTMENTS

A Personal Computer (PC) or a Hand Set is used to per-
mit Authorized Personnel to make the following
checks and adjustments:

• Check the system status codes for both traction
and hydraulic pump SCR systems

• Check for status codes that are not regular nor
constant

• Check the state of charge of the battery on motor
controllers with type ZH and ZY control cards

• Check the hourmeter readings on the traction cir-
cuit and hydraulic pump SCR controllers

• Monitor or adjust the following control func-
tions:

♦ Creep Speed

♦ Controlled Acceleration and 1A Time

♦ Current Limit

♦ Steering pump time delay and define signal
input (seat switch or directional switch)

♦ Plugging distance (Current)

♦ Accelerator pedal position, plug range or
disable

♦ 1A drop out current or disable

♦ Field Weakening drop–out

♦ Field Weakening pick–up

♦ Regenerative Braking current limit

♦ Regenerative Braking drop–out

♦ Speed limit points (SL1, SL2 and SL3)

♦ Internal resistance compensation for battery
state of charge indication

♦ Battery voltage (36/48V is auto ranging)

• Selection of type of card operation:

♦ Traction circuit with Field Weakening

♦ Traction circuit with Regenerative Braking
and Field Weakening

♦ High or low current limit for all of the above
functions
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speed control input is less than 0.5 volt (accelerator po-
tentiometer set at less than 50 ohms). Do not set the
number in the register to less than the parameter in the
register for Function Number 52.

Function Number 49
FIELD WEAKENING PICK UP
(Push CONT and 2 while the key switch and seat
switch are closed)

This register permits the adjustment of the current value
at which the FW contactor will energize (close). This
parameter permits the FW contactor to close when the
lift truck has returned to approximately 150% of its run-
ning current with a full load on a level surface. The mini-
mum parameter is zero. Do not set the number in the reg-
ister greater than the number in the register for Function
Number 53.

Function Number 50
SPEED LIMIT 1
(Push CONT and 3 while the key switch and seat
switch are closed)

This parameter permits adjustment of the speed limit
(maximum battery volts to the motor). The range is 0%
to 96%. There is no speed limit switch for this function.
This function will be disabled if the parameter in the reg-
ister is set to zero. Do not set the number in the register to
less than the parameter for Function Number 54. Do not
set the number in the register greater than 180.

Function Number 52
CONTROLLED ACCELERATION AND 1A
TIME
(Push CONT and 5 while the key switch and seat
switch are closed)

This register permits the adjustment of the maximum
rate of acceleration in MODE 2. The parameter deter-
mines 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 2.6
seconds (setting 30) 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
speed control input is less than 0.5 volt (accelerator po-
tentiometer set at less than 50 ohms). Do not set the
number in the register to less than the parameter for

Function Number 56. Do not set the number in the regis-
ter greater than the number in the register for Function
Number 48.

Function Number 53
FIELD WEAKENING PICK UP
(Push CONT and 6 while the key switch and seat
switch are closed)

This register permits the adjustment of the current value
at which the FW contactor will energize (close). This
parameter permits the FW contactor to close when the
lift truck has returned to approximately 150% of its run-
ning current with a full load on a level surface. Do not set
the number in the register to less than the parameter for
Function Number 49. Do not set the number in the regis-
ter greater than the number in the register for Function
Number 57.

Function Number 54
SPEED LIMIT 1
(Push CONT and 7 while the key switch and seat
switch are closed)

This parameter permits adjustment of the speed limit
(maximum battery volts to the motor). The range is 0%
to 96%. There is no speed limit switch for this function.
This function will be disabled if the parameter in the reg-
ister is set to zero. Do not set the number in the register to
less than the parameter for Function Number 58. Do not
set the number in the register greater than the number in
the register for Function Number 50.

Function Number 56
CONTROLLED ACCELERATION AND 1A
TIME
(Push CONT and 9 while the key switch and seat
switch are closed)

This register permits the adjustment of the maximum
rate of acceleration in MODE 3. The parameter deter-
mines 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 1.8
seconds (setting 20) 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
speed control input is less than 0.5 volt (accelerator po-
tentiometer set at less than 50 ohms). Do not set the
number in the register to less than the parameter for
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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

76 77 Fault 12 PC Only Reset to Zero only

77 78 BDI 12 PC Only Reset to Zero only

78 79 Hours (Tens/Units) 12 PC Only Reset to Zero only

79 80 Hours (Thousands/Hundreds) 12 PC Only Reset to Zero only

80 81 Fault 13 PC Only Reset to Zero only

81 82 BDI 13 PC Only Reset to Zero only

82 83 Hours (Tens/Units) 13 PC Only Reset to Zero only

83 84 Hours (Thousands/Hundreds) 13 PC Only Reset to Zero only

84 85 Fault 14 PC Only Reset to Zero only

85 86 BDI 14 PC Only Reset to Zero only

86 87 Hours (Tens/Units) 14 PC Only Reset to Zero only

87 88 Hours (Thousands/Hundreds) 14 PC Only Reset to Zero only

88 89 Fault 15 PC Only Reset to Zero only

89 90 BDI 15 PC Only Reset to Zero only

90 91 Hours (Tens/Units) 15 PC Only Reset to Zero only

91 92 Hours (Thousands/Hundreds) 15 PC Only Reset to Zero only

92 93 Fault 16 PC Only Reset to Zero only

93 94 BDI 16 PC Only Reset to Zero only

94 95 Hours (Tens/Units) 16 PC Only Reset to Zero only

95 96 Hours (Thousands/Hundreds) 16 PC Only Reset to Zero only

96 97 48 Instrument Panel Display CA–1 HS or PC None

97 98 49 Instrument Panel Display FWPU–1 HS or PC None

98 99 50 Instrument Panel Display SL1–1 HS or PC None

99 100 51 NOT USED HS or PC None

100 101 52 Instrument Panel Display CA–2 HS or PC None

101 102 53 Instrument Panel Display FWPU–2 HS or PC None

102 103 54 Instrument Panel Display SL1–2 HS or PC None

103 104 55 NOT USED HS or PC None

104 105 56 Instrument Panel Display CA–3 HS or PC None

105 106 57 Instrument Panel Display FWPU–3 HS or PC None

106 107 58 Instrument Panel Display SL1–3 HS or PC None

107 108 59 NOT USED HS or PC None

108 109 60 Instrument Panel Display CA–4 HS or PC None

109 110 61 Instrument Panel Display FWPU–4 HS or PC None

110 111 62 Instrument Panel Display SL1–4 HS or PC None

111 112 NOT USED PC Only

112 113 Secure Hourmeter (Tens/Units) PC Only Read Only

113 114 Secure Hourmeter 
(Thousands/Hundreds)

PC Only Read Only
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Status Code

–11
Description

The START switch is closed when the key
switch is closed and voltage is applied to

the control card.

Cause Of Status Indication

This Status Code will be indicated when TB2
is greater than 60% of battery voltage when

the key switch is closed.

Memory Recall

No

Circuit

Traction
(ZX Control Card

Only)

Indication of Fault

Forward or Reverse contactor will not close.

Possible Cause

START switch needs adjustment or is
damaged.

Input voltage must be less than 60% of battery
voltage when the key switch is closed. Replace
or adjust the START switch.

Short–circuit between battery positive and TB2
in START switch circuit.

Disconnect the wire from TB2. Check for a
short–circuit between the end of the wire and the
battery positive. Resistance must be greater
than 4.7 K ohms.

Control card malfunction.

Disconnect the wire from TB3 and measure the
voltage from TB3 to battery negative. If the
voltage is not zero, replace the control card.

SEAT
SWITCH

TB3TB4

TB2

START
SWITCH

TB1

TB6

REVERSE
SWITCH

TB5 FORWARD
SWITCH

Status Code

–15
Description

Battery voltage is too low.

Cause Of Status Indication

This Status Code will be indicated when the
battery volts are less than 1.95 volts per cell

when the key switch is turned to ON.

Memory Recall

No

Circuit

Traction

Indication of Fault

Forward or Reverse contactor will not close.

Possible Cause

Discharged battery.

Check the battery for the correct open circuit
voltage as shown in the illustration at right and
charge the battery as required.

Bad connection at battery connector or in the
power cables.

Check the power cables and the battery
connector.

Battery malfunction.

Check each battery cell for the correct voltage
(greater than 1.95 volts per cell). Replace or
repair the battery.

Control card needs adjustment.

Check Function 15 for the correct adjustment for
the battery that is being used. See the
instructions for the Hand Set. Make the correct
adjustments.

NOMINAL
BATTERY

VOLTS

MINIMUM
BATTERY

VOLTAGE AT
1.95 VOLTS
PER CELL

36
48
72
80

35.1
46.8
70.2
81.9
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Status Code

–53
Description

SCR 1 does not go OFF correctly during plugging cycle.

Cause Of Status Indication

This Status Code will be
indicated when any failure of
SCR 1 to go OFF during the

plugging cycle.

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

SCR 1 failure is not caused by plugging.

Cause the traction motor to stall in both directions and check
for a new status code that will also indicate the failure. Do
Troubleshooting for the new or additional Status Code.

SCR 1 failure is caused by plugging.

Check for an open circuit across D4.

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

Check current sensor for loose or open connections. Check
the yellow and green wire from the current sensor to the
control card for open or loose connections.

Malfunction in motor circuit.

Check motor circuit for open or loose connections.

Check motor brushes for wear and installed correctly.

Check for Forward or Reverse contactors momentarily opening
and closing.

Check for Forward or Reverse contactors momentarily opening
and closing during operation when traveling over bumps and
dock plates.

F

F

R

R

A2

A2

A1

NEGATIVE

SCR 1

CURRENT
SENSOR

C1

+

–

D4

GRN

YEL

PZ4
PZ3

Status Code

–54
Description

Short–circuit in an electronic driver for the
Forward, or Reverse, or 1A contactor.

Cause Of Status Indication

This Status Code will be indicated when
the control card has a short–circuit in
one of the electronic drivers for the

Forward, or Reverse, or 1A contactor.

Memory Recall

Yes

Circuit

Traction

Indication of Fault
Motor controller will not operate.

Possible Cause

Fuse 7 is open.

Check for a short–circuit that can cause Fuse 7 to
open. Replace Fuse 7.

Control card malfunction.

Replace the control card.



Status Code Charts

26

Status Code

–142
Description

Input missing from motor current sensor.

Cause Of Status Indication
This Status Code will be indicated when the
voltage between PY7 and battery negative is

greater than 1.6 volts and no current is
flowing through the hydraulic pump motor

circuit.

Memory Recall

No

Circuit

Hydraulic Pump

Indication of Fault
No power to the hydraulic pump motor in the SCR

range.

Possible Cause

Open sensor wire circuit to PZ4.

Check for a loose or broken wire (green wire) between
the current sensor and PZ4 on the control card.

PZ4
GRN

NEGATIVE

A2

SCR
CURRENT
SENSOR

Status Code

–143
Description

Input missing from motor current sensor.

Cause Of Status Indication
This Status Code will be indicated when the
voltage between PY7 and battery negative is
less than 0.84 volts and no current is flowing

through the hydraulic pump motor circuit.

Memory Recall

No

Circuit

Hydraulic Pump

Indication of Fault
Stall currents in the SCR range are higher than
normal and can not be controlled with the C/L

adjustment.

Possible Cause

Open sensor wire circuit to PZ3.

Check for a loose or broken wire (yellow wire) between
the current sensor and PZ3 on the control card.

PZ3
YEL

NEGATIVE

A2

SCR
CURRENT
SENSOR
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assembly are caused by loose connections. The normal
repair of the reactor assembly is to replace it. This reac-
tor assembly has two inductor windings (L1 and 1X)
joined by a common connection. A good inductor wind-
ing will indicate approximately zero ohms on the R x 1
scale.

Check Suppressors For SCR 2 And SCR 5

The suppressors are one or more resistors and capacitors
in a small plastic block. (See items 11 and 12 in
FIGURE 1.) The suppressors prevent damage to the
SCRs from electrical noise. Sometimes a suppressor
will not indicate a defect except when in an operating
circuit and will cause a fault that does not occur regu-
larly during lift truck operation. A bad suppressor can
cause a fault similar to a bad SCR 2 or a bad SCR 5.

The best method to check for a bad suppressor is to re-
place it and then check the operation of the lift truck. The
same suppressor is used for all functions.

Check SCR 2 And SCR 5

NOTE:  The plastic cases for SCR 2 and SCR 5 are the
same, but the part numbers are different because the
electrical components inside of the case are different.
An SCR 2 has a higher electrical rating than an SCR 5.
An SCR 2 can be used as an SCR 5, but do not use an
SCR 5 as an SCR 2. Check the part number to make sure
that you are using the correct SCR.

FIGURE 3. SCR 2 AND SCR 5

12

3

1. ANODE
2. GATE
3. CATHODE

1. Disconnect either the (+) or (–) power connection.
(The power connections have a (+) and (–) mark in the
plastic case.) Touch the probes of an ohmmeter to the (+)
and (–) power connections of the SCR. Measure the re-
sistance. Change the probe connections to the reverse
direction and measure the resistance. Replace the SCR if

the resistance indicates less than 50 000 ohms in either
direction.

2. Measure the resistance between the gate connection
and the cathode. Change the probe connections to the re-
verse direction and measure the resistance again. Re-
place the SCR if the resistance indicates zero or infinity
on the R x 1 scale in either direction.

NOTE:  Six volts is needed as a gate signal to check the
SCRs. Use an ohmmeter and a six volt supply for a gate
signal to check the SCRs.

3. Momentarily connect six volts from the battery be-
tween the gate (+) and the cathode (–). The resistance in-
dication on the ohmmeter will decrease to less than 10
ohms on the R x 1 Scale. Replace the SCR if the resis-
tance does not decrease when a six volt gate signal is ap-
plied momentarily. Make sure you touch the gate wire
momentarily with the six volt connection or you will
damage the SCR. Make sure the polarity of your test cir-
cuit is correct.

Replace SCR 2 And SCR 5

Disconnect the electrical connections to the SCR. Re-
move the two screws that hold the SCR.

Use a thin layer of silicon compound (Part No. 1198757
or approved equivalent) between the surfaces of the heat
sink and the replacement SCR. Install the SCR. Connect
the electrical connections.

Check Capacitor C1

Discharge C1 and disconnect the terminals before
checking C1 for a short–circuit. Measure the resistance
between the terminals. The ohmmeter will indicate a
low resistance and increase to more than 100 000 ohms.
A capacitor with a short–circuit must be replaced. The
capacitor is fastened with two screws and brackets.

DIODES D3 AND D4

The heat sink assembly for the diodes D3 and D4 is also
the connection for the (–) power cable. The heat sink as-
sembly is connected to the base plate. A thin insulator
with a silicone surface separates the heat sink assembly
from the base plate.

NOTE:  The optional SCR controller used for the hy-
draulic pump only has a diode D3.
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e. The current flows through SCR 1 until a signal
is sent to SCR 2 to go ON. When SCR 2 goes
ON, the higher positive voltage moves from C1
and momentarily makes point B more positive
than the battery. This momentary positive voltage
makes SCR 1 go OFF.
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f. When SCR 1 is OFF, the magnetic field around
the power cables begins to decrease. This
decrease in the magnetic field generates a
voltage that causes the bottom plate of C1 to
become more negative than battery negative. The
voltage across C1 can now be as high as 150
volts. When the current flow through SCR 2
stops, SCR 2 goes OFF. This action leaves C1
charged at a much higher voltage. C1 is now
charged for the next cycle.

The fast pulse times and the necessary signals to
the SCRs require a special electronic control.
These control cards can not be repaired except
by the manufacturer. A service person must
replace a bad control card with a new or rebuilt
control card.
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c. A signal is sent to SCR 1 and SCR 5 to go ON.
Current flows through SCR 1, the motor circuit and
returns to battery negative. The polarity at point A is
now positive compared to the bottom plate of C1
because SCR 1 is ON.

SCR 5

+
–
+
–

A

+
–

É
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É
É
É
É
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–

SCR 1

SCR 5

SCR 2

L1

TO MOTOR
CIRCUIT

C1+
–

A
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d. When SCR 5 is ON, the positive charge at point
A now moves through SCR 5 to change the charge
on C1. The momentary current flow through L1
creates a magnetic field. When C1 is charged, the
current flow through SCR 5 stops and SCR 5 goes
OFF. The magnetic fields decreases and the
induction voltage causes a current flow from L1 into
the bottom plate of C1. This action of L1 charges
C1 to a voltage higher than battery voltage, making
the battery side of the capacitor (+) to appear (–)
when compared to the charge on the bottom plate.
This action leaves the top plate of C1 negative
compared to the bottom plate, and C1 now has a
“reverse charge”. This action takes less than one
millisecond.

NOTE: The inductor L2 shown in step d is not a
component in the motor controller. L2 is the symbol
for the inductance caused by the power cables
when electric current flows through them.

L2

FIGURE 5. OPERATION OF THE SCR 1 “OFF” CIRCUIT (3 OF 3)
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FIGURE 17. BASIC DISPLAY PANEL AND PLUG CONNECTOR

2

1
4 53

13644351. HOURMETER
2. BATTERY METER
3. PARKING BRAKE INDICATOR
4. BRAKE FLUID TOO LOW INDICATOR
5. SEAT BELT INDICATOR

1. BATTERY DISCHARGE
INDICATOR

2. PARKING BRAKE
SYMBOL AND LED

3. FASTEN SEAT BELT
SYMBOL AND LED

4. DIGITAL DISPLAY

1 2 4

504305778 R2

3

LATER DISPLAY PANEL

EARLY DISPLAY PANEL

KEY
SWITCH
LEADS

RED/BRN
“IGN” 

TERMINAL
BRN

“BAT” 
TERMINAL

STANDARD DISPLAY
18 PIN CONNECTOR

1–11 No Connection
12 Battery Negative (–)
13 Parking Brake Switch
14 Brake Fluid Switch
15 Hyd. Contactor Coil
16 Seat Switch
17 Key Switch (IGN)
18 Battery Positive (+)

 (from Fuse 6)

PIN FUNCTION

(5)Warning light, fasten seat belt. The red light is
ON for eight to ten seconds after the key switch is
turned to the ON position.

LATER DISPLAY PANEL

When the key switch is turned to ON, 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)Battery Charge Indicator With Lift Interrupt.
Later Basic display panels have a battery indica-
tor that is a scale with a series of 5 round LEDs in
three colors (green, orange, red). See
FIGURE 17. There are two green LEDs and bars
at the top, two orange LEDs and bars in the center
and a red LED and bar at the bottom. As the bat-
tery voltage decreases during operation, different

LEDs illuminate to indicate a discharged battery.
No more than two LEDs are illuminated at one
time. When the battery is fully charged, the two
green LEDs of the scale are illuminated. When
the battery discharges during operation, the
LEDs illuminate from top to bottom (green to
red). The red LED indicates that the battery is dis-
charged. The battery must be charged or a
charged battery must be installed before lift truck
operation can continue.

The battery charge indicator uses the traction
control shunt to measure the current during op-
eration. This current and battery voltage are
checked at the same time for an accurate reading
of battery voltage with a load (during use). This
method can make operation of the lift truck dif-
ferent when the battery is low or a different bat-
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TABLE 2. EV–100ZX Parameters – E2.00–3.20XM (E45–65XM) and N30XMH (36 to 48V)
(Traction Card Type ZY NO 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

20 1.8 sec 8/255 0.77 to 21.5 seconds

4 Current Limit (C/L) 255 max. amp 0/255 max. amperes

5 Plugging Distance (Current) 65 400 amp 0/70 200 to 416 amperes

6 1A Drop–Out Current 77 700 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

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

10 Regenerative Braking Start 
(% ON time)

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

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

203 — 5/25 —

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

15 Battery Volts 200 36/48 V 184/250 36 or 48 volt operation

16 Pedal Position Plugging 40 228 amp 0/134 100 to 530 amperes

17 Card Type Selection

2

2 Select control card with
correct functions:

Plugging only

18 Steering Pump Time Delay 
(Seat Switch)

0
254

1.5 sec
14 sec4

0/128
21/1284

1.5 sec to 65 sec
12 sec to 65 sec (Note 4)

4 Setting of 21 (12 seconds) minimum without seat brake.

19 Maintenance Alert (hours) 99 0 to 99
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Type ZY [9–inch Motor (Continued)] Default Permitted Range

Fcn.
No.

Description Factory
Parameter

Factory
Value

Min/Max
Parameter

Value (Min/Max)

21 Maintenance Speed Limit 0 None 0 180

22 Mode Reference (Reference
register for the instrument panel

display when the battery is
connected.)

— None None —

23 Hourmeter (minutes) 0

24 Hourmeter (seconds) 0

25 Monitor Register 0 — None (Temporary storage
register.)

26 Monitor Register 0 — None (Temporary storage
register.)

27 Battery Volts Data — — None (Temporary storage register
for battery voltage data.)

28 Fault Count Pointer

(Must be reset to zero to clear
Status Codes)

— — None (Temporary storage register
that points to location of last

recorded fault.)

29 Set Hourmeter (tens/units) 0 0 0–99

30 Set Hourmeter
(thousands/hundreds)

0 0 100 to 9900

Function Numbers 31 through 47 can be read and cleared with a Hand Set. These registers store the fault
codes and other data that the controller senses during the operation of the lift truck. These registers can only be
reset to zero. The PC software program automatically resets these registers to zero.

Function Numbers 48 through 62 enable the lift truck to be set to four performance levels by the
operator. (If the customer does not want this function 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 performance level will increase by one step. At the maximum (rabbit) level, the
performance levels will begin at the lowest (turtle) level again.

Fcn.
No.

Minimum
Parameter

Maximum Parameter

MODE 1

48 Controlled Acceleration 60 5.0 sec Fcn. No. 52 255

49 FW Pick–Up Current N/A N/A 0 N/A

50 Speed Limit 1 120 64% Fcn. No. 54 180

51 Not Used

MODE 2

52 Controlled Acceleration 40 3.5 sec Fcn. No. 56 Fcn. No. 48

53 FW Pick–Up Current N/A None 0 N/A

54 Speed Limit 1 85 80% Fcn. No. 58 Fcn. No. 50

55 Not Used

MODE 3
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WARNING
Correct operation of the battery restraint system
requires that the battery does not move more than 13
mm (0.5 in) horizontally. Make sure that the battery
spacer plate is correctly adjusted.

To operate correctly, the battery restraint must be locked
in the down position. The battery must have the spacer
plate correctly adjusted to prevent movement in any one
horizontal direction of 13 mm (0.5 in) maximum. See
FIGURE 1. Raise the seat. Use the knob for the latch to
release the battery restraint. See FIGURE 4. Use the
handle on the hood to raise the battery restraint and
hood. Make sure that the battery cannot move more than
a total of 13 mm (0.5 in) in any one horizontal direction.
Make sure the spacer plate is correctly adjusted to pre-
vent the movement. Push the hood and the battery re-
straint down until the latch locks. Make sure the battery
restraint is locked securely. Lift on the handle to make
sure it is latched and will not move.

WARNING
The battery restraint and its latch mechanisms must
operate correctly before a lift truck is operated.

The operator restraint system has the seat, hip restraints
and the seat belt. The system helps the operator stay
within the lift truck in case of a tipover. See FIGURE 6.

1. COUNTERWEIGHT & SEAL
2. UPPER CAPSCREW AND WASHERS
3. COVER AND SEAL
4. COVER CAPSCREW AND WASHERS
5. LOWER CAPSCREW AND WASHER

FIGURE 7. COUNTERWEIGHT ASSEMBLY

1

2

3

4

5

COUNTERWEIGHT
(See FIGURE 7. and TABLE 1.)

If the lift truck must be put on blocks for maintenance
and repair, see the section PERIODIC MAINTE-
NANCE, 8000 SRM 552 or the PERIODIC MAIN-
TENANCE (N30XMH), 8000 SRM 555 of the SER-
VICE MANUAL  under “How to put a Lift Truck on
Blocks”.

WARNING
The counterweight is very heavy. Make sure that the
crane and lifting devices have enough lifting capac-
ity to safely lift the counterweight. The weights of the
counterweights are shown in TABLE 2.

The counterweight normally is not removed for most re-
pairs. Replacement of some large parts of the SCR elec-
tronic controller is easier when the counterweight is re-
moved. The counterweight is fastened to the frame with
four capscrews. The weights for the counterweights are
in TABLE 2.

FIGURE 8. LIFT THE COUNTERWEIGHT

1. LIFT CHAIN
2. LIFTING TOOL
3. CLEVIS
4. COUNTERWEIGHT

1

2

3

4

12835

Removal (See FIGURE 7., and FIGURE 8.)

1. Remove the battery. See the section PERIODIC
MAINTENANCE, 8000 SRM 552 or the PERIODIC
MAINTENANCE (N30XMH), 8000 SRM 555 of the
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FIGURE 2. J2.00–3.20XM (J40–65XM) HYDRAULIC SYSTEM

1. TILT CYLINDER (2)
2. PRIMARY RELIEF VALVE
3. STEERING MOTOR AND PUMP
4. HYDRAULIC MOTOR AND PUMP
5. HYDRAULIC TANK
6. FILTER

7. BREATHER, FILL AND DIPSTICK
8. STEERING CYLINDER
9. SECONDARY RELIEF VALVE

10. MAIN CONTROL VALVE (4–SPOOL VALVE SHOWN)
11. STEERING CONTROL UNIT
12. TO AUXILIARY HYDRAULIC FUNCTIONS
13. TO LIFT CYLINDERS

1

3 4

6

12

1

13

11

12

10

9

5

11524

7

8
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DESCRIPTION

Hydraulic System 
(See FIGURE 1., FIGURE 2. or FIGURE 3. )

The parts of the hydraulic system for the
E1.50–3.20XM (E25–65XM) are shown in FIGURE 1.
The parts of the hydraulic system for the J2.00–3.20XM
(J40–65XM) are shown in FIGURE 2. The parts of the
hydraulic system for the N30XMH are shown in
FIGURE 3. The diagrams show components and inter-
connections that are typical of all models. It does not
show all hydraulic systems. Not all units have a four
spool valve.

The hydraulic system includes the steering system and
the lift system. One hydraulic tank supplies both sys-
tems. The steering system and the lift system have sepa-
rate pumps. Both pumps are gear pumps.

OPERATION

Hydraulic System 
(See FIGURE 4. or FIGURE 5.)

The hydraulic pump causes oil to flow from the tank to

the main control valve. The main control valve controls
the flow of oil to the lift cylinders, tilt cylinders, traverse
cylinder, rotary actuator and auxiliary functions when
applicable. A relief valve on the main control valve
keeps pressure within the design limits of the hydraulic
system. A test port for checking the pressure when the
relief valve opens is on the main control valve.

Some auxiliary functions require less pressure than the
lift function. A secondary relief valve on the main con-
trol valve provides lower pressure for auxiliary func-
tions.

The steering pump causes oil to flow from the tank to the
steering control unit. The steering control unit is a me-
tering pump actuated by the steering wheel. When the
steering wheel is turned, oil flows to actuate the steering
cylinder. Oil returns from the steering control unit to the
main control valve. A relief valve in the pump keeps
pressure within the design limits of the steering system.
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b. Fill the tank with the cleaning solution. Use com-
pressed air to mix the solution in the tank.

c. Drain the tank. Flush the inside of the tank with
hot (boiling) water. Make sure all the cleaning
compound is removed.

d. Make an inspection of the inside of the tank. If the
tank is not clean, repeat Steps a through c. Make
another inspection of the tank. When making in-
spections, use a light that is approved for loca-
tions with flammable vapors.

e. Check the tank for flammable vapors as de-
scribed in the previous section Step g. If the
amount of flammable vapors is not below the
lower flammable limit, repeat the cleaning proce-
dures.

Additional Preparations For Tank Repair

If nitrogen gas or carbon dioxide gas is available, pre-
pare the tank for welding using these gases. See the
manual Safe Practices For Welding and Cutting Con-
tainers That Have Held Combustibles by the American
Welding Society, A6.0–65. If these gases are not avail-
able, another method using water can be used as fol-
lows:

a. Fill the tank with water to just below the point
where the work will be done. Make sure the space
above the level of the water has a vent.

b. Use acceptable welding practices to repair the
tank. See the American National Standard “Safe-
ty in Welding and Cutting,” ANSI Z 49.1 – 1973.

E1.50–3.20XM (E25–65XM) And N30XMH Tank
Installation (See FIGURE 9. or FIGURE 11.)

NOTE:  Make sure to install the tank so that the fill neck
is centered in the opening in the step of the frame. Make
sure to install all plugs, hoses and clamps to prevent
leaks when oil is added to the tank.

1. Install the repaired or replacement hydraulic tank in
the truck frame. Make sure the tank is correctly aligned
for connection of the hoses. Make sure the pads are
installed between the tank and truck frame.

2. Install the bracket assembly to hold the tank in posi-
tion. Do not tighten the screws.

3. Remove the plugs and install all hoses at the same
locations as during removal. Do NOT remove the drain

plug. Align the tank so that the fill tube and fill cap will
be in the center of the access hole. Install the fill tube and
fill cap. Tighten the screws that fasten the mount bracket
assembly.

CAUTION
Do NOT fill the tank above the FULL mark on the
dipstick. If the tank is too full, oil will come out the
breather during operation.

4. Make sure all hoses and plugs are installed and tight.
Fill the tank using the oil specified in one of the follow-
ing SERVICE MANUAL  sections: 
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

Loosen the clamp at the inlet hose of the hydraulic pump
to let the air out until the hose fills with oil. Tighten the
hose clamp as soon as oil leaks out of the hose. Do the
same procedure for the steering pump.

5. Install the traction motor as described in one of the
following SERVICE MANUAL  sections: 
DRIVE AXLE, SPEED REDUCER AND DIFFER-
ENTIAL, 1400 SRM 618 for the E1.50–2.00XM
(E25–40XM) trucks
DRIVE AXLE, SPEED REDUCER AND DIFFER-
ENTIAL, 1400 SRM 285 for the E2.00–3.20XM
(E45–65XM) and N30XMH trucks

6. Operate the lift and steering systems and check for
leaks.

J2.00–3.20XM (J40–65XM) Tank Installation
(See FIGURE 10.)

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

WARNING
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.

3. Carefully position the hydraulic tank over the correct
position in the frame and install the hoses on the bottom
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Control Unit Removal (See FIGURE 19.)

1. Disconnect the battery connector. Move the steering
column to the forward position. Remove the panel under
the steering column for access to the hoses of the steer-
ing control unit.

2. Remove the front and rear covers for the steering col-
umn. The instrument cluster is fastened to the front cov-
er. Install tags and disconnect the wires for the horn con-
nector and if installed, on–demand power steering and
the forward/reverse switches. If installed, remove the
parts for on–demand power steering and the forward/re-
verse switches and lever. See the SERVICE MANUAL
sections STEERING SYSTEM, 1600 SRM 485 and
STEERING HOUSING AND CONTROL UNIT,
1600 SRM 512.

3. Put tags for identification on the hydraulic hoses at the
steering control unit so that they can be connected cor-
rectly during assembly. Disconnect the hydraulic hoses
at the bottom of the steering control unit. Install plugs at
all hose fittings and control unit ports to prevent dirt
from entering the steering hydraulic system.

4. Hold the steering column and remove the capscrews
that hold the steering column and pivot shaft to the
bracket. See FIGURE 19. Remove the two plates, pivot
shaft and spring. Remove the steering column assembly.
Do not lose the rod, washer and spring for the latch.

5. Make a note of the alignment of the steering control
unit in the bracket for correct installation. Remove the
four capscrews that fasten the steering shaft assembly
and steering control unit in the steering column bracket.
Do not let the steering control unit or steering wheel and
shaft assembly fall. Do not let the washers fall. It is not
necessary to remove the steering wheel or on–demand
steering parts from the shaft.

Control Unit Installation (See FIGURE 19.)

1. Install the steering control unit in the bracket. Make
sure it is in correct alignment, as noted during removal,
so that the hoses can be correctly connected. Install the
washers, spacers, steering shaft assembly and caps-
crews to hold all parts in the bracket.

2. Hold the bracket assembly in alignment and install the
pivot shaft, spring, plates, washers and capscrews to

hold the assembly on the mount. Install the spring,
washer and rod for the latch. Install the knob on the
latch. Install the allen screw and nut.

WARNING
The hydraulic hoses MUST be connected to the cor-
rect ports or the steering system will not operate as
expected. This operation that is not expected can
cause damage or personal injury. Make sure the
hoses are identified and connected correctly.

3. Connect the hydraulic hoses at the steering control
unit as marked during removal OR see the SERVICE
MANUAL  section STEERING HOUSING AND
CONTROL UNIT, 1600 SRM 512 for correct connec-
tions.

4. If removed, install the parts for on–demand power
steering and the forward/reverse switches and lever. See
the SERVICE MANUAL  sections STEERING SYS-
TEM, 1600 SRM 485 and STEERING HOUSING
AND CONTROL UNIT, 1600 SRM 512.

5. Connect the wires for the horn connector and if
installed, the on–demand power steering and forward/
reverse switches. Install the front and rear covers for the
steering column.

WARNING
After making repairs, do not extend hands or arms
through the center of the steering wheel. Wrong as-
sembly or connections can make the steering wheel
rotate with a strong force when the steering pump
operates. This strong force can cause serious injury.
If this action occurs, disassemble the control unit and
correct the problem.

6. Operate the steering system and check for leaks and
correct operation.

STEERING CYLINDER

NOTE: The correct procedure for the removal and re-
pair of the steering cylinder is in the following sections
of the SERVICE MANUAL:  
STEERING AXLE, 1600 SRM 619 for the
E1.50–2.00XM (E25–40XM) trucks
STEERING AXLE, 1600 SRM 258 for the other
trucks
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INTRODUCTION
GENERAL

This section has the description for the lift cylinders
used in Vista masts on the N30FR and N40–45FR, and
the instructions for their repair.  See the section LIFT
CYLINDERS, 4000 SRM 135 for lift cylinders used
on other units. See the section REACH CARRIAGES,
4000 SRM 483 for repair of the hydraulic cylinders use
on the N30FR and N40–45FR reach carriages.

DESCRIPTION (See FIGURE 4.)

The VISTA two–stage mast has two main lift cylinders.
The VISTA three–stage mast also has two main lift cyl-
inders as well as a shorter free–lift cylinder. (See
FIGURE 1.and FIGURE 3.)

All these lift cylinders are single acting cylinders. The
hydraulic force is applied only in one direction. When
hydraulic oil enters one end of the lift cylinder, the hy-
draulic force extends the piston rod. When the force is
removed, the weight of the mast components and car-
riage retracts the piston rod.

These cylinders are also single–stage lift cylinders. A
single–stage lift cylinder has only one rod. See
FIGURE 1. There are two types of single–stage cylin-
ders used on these lift trucks. One type is the piston cyl-
inder. The main–lift cylinders are piston cylinders. The
other type is a displacement cylinder. The free–lift cyl-
inder is a displacement cylinder.

Piston cylinders operate by hydraulic oil entering un-
der the piston of the cylinder rod. Seals are used in the
piston to keep the oil from moving from under the piston
to the top of the piston. As the hydraulic oil raises the
piston, the air within the upper part of the cylinder is
compressed into a chamber of the piston rod. Any oil
that is above the piston will be forced, under pressure
through a check valve back under the piston.

Displacement cylinders operate by hydraulic oil enter-
ing the cylinder and displacing the rod. Seals are located
in the retainer and the entire cylinder is filled with oil.
This type of cylinder will have a bleed screw located
near the top of the cylinder to remove air from the cylin-
der. The rod of displacement cylinders is almost the size
of the inside of the shell. See FIGURE 1.

The design and repairs for these displacement cylinders
are similar to the other lift cylinders in this section. A
displacement cylinder does not have a piston or piston
seal. The rod diameter is almost the same as the inside
diameter of the cylinder shell. There are wear rings on
the rod that are the bearings between the rod and the
walls of the cylinder. The wiper seal at the top of the cyl-
inder is also the high pressure seal for these cylinders.
See FIGURE 3.

Spacers are used in some cylinders to limit the stroke of
the piston rod. Worn spacers must be replaced with the
same size spacer.

FIGURE 1. VISTA LIFT CYLINDERS

1. MAIN CYLINDER
2. FREE–LIFT CYLINDER
3. LOWERING CONTROL VALVE

1

3

2
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1. LOWERING CONTROL VALVES (INTERNAL)
2. LIFT CYLINDERS
3. LOWERING CONTROL VALVE (EXTERNAL)
4. MAIN CONTROL VALVE
5. LIFT/LOWER SPOOL
6. AUXILIARY SPOOL,
7. TRAVERSE SPOOL
8. ROTARY SPOOL
9. HYDRAULIC PUMP

10.  FILTER

FIGURE 2. HYDRAULIC SCHEMATIC

11. RELIEF VALVE (LIFT CIRCUIT)
 12. RELIEF VALVE ( TRAVERSE,

ROTARY, AND AUXILIARY CIRCUITS)
13. HYDRAULIC TANK
14. BYPASS VALVE
15. ROTARY ACTUATOR VALVE
16. SHUTTLE
17. ROTARY ACTUATOR
18. TRAVERSE CYLINDER
19. FROM STEERING CIRCUIT
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Each spool has a spring that returns the spool to the neu-
tral position when the control lever is released. Each
valve section has a check valve in the valve body. The
check valve and spring is held in the valve body by the
next section.

OPERATION

The main control valve is an open center, parallel circuit
valve. When open center valve spools are in the neutral
position, the hydraulic oil flows through the valve with

minimum restriction. The oil returns through the drain
passage and returns to the steering control unit and hy-
draulic tank. Except during lifting, each spool can be op-
erated without preventing the flow of oil to another
spool.

The N30XMH valve has four parallel passages through
the valve. See FIGURE 2..  When the spools are in the
neutral position, the oil flows through the open center
passage. At the end of the valve, the oil returns through
the drain passage and returns to the hydraulic tank.
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FIGURE 11. SWITCH ADJUSTMENTS,

1. LOWER LINK
2 SECOND, THIRD AND

FOURTH FUNCTION
SWITCHES

3. LIFT SWITCH

12856

1

2

3
A

B

C

CHECKS AND ADJUSTMENTS

PRESSURE RELIEF VALVES

NOTE:  The main control valve has two relief valves, a
primary relief valve and a secondary relief valve. The
primary relief valve is in the inlet section of the control
valve. The secondary relief valve is in the lift/lower sec-
tion of the control valve.

WARNING
Never allow anyone under a raised carriage. Do not
put any part of your body in or through the lift
mechanism unless all parts of the mast are com-
pletely lowered and the key switch is “OFF”.

Primary Relief Valve (See FIGURE 12.)

1. Connect a 25 MPa (3500 psi) gauge to the test port at
the inlet section of the control valve.

2. Loosen the jam nut.

3. Operate the hydraulic system to warm the oil tem-
perature to 55 to 65°C (130 to 150°F).

FIGURE 12. RELIEF VALVE LOCATIONS

1. ADJUSTMENT
SCREW

2. JAM NUT
3. PRIMARY RELIEF VALVE
4. TEST PORT
5. SECONDARY RELIEF VALVE

1

2

3

4

5
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:$51,1*
6RPHPDOIXQFWLRQV FDQPDNH WKH WUDFWLRQPRWRU UXQ
DW KLJK VSHHGZLWK QR FRQWURO E\ WKH VSHHG FRQWUROOHU�
7KH 307 FLUFXLW SUHYHQWV RSHUDWLRQ LI WKHVH PDO�
IXQFWLRQV RFFXU� 'R QRW RSHUDWH WKH OLIW WUXFN LI WKH
307 FLUFXLW GRHV QRW RSHUDWH FRUUHFWO\�

7KH3XOVH0RQLWRU7ULS �307�FLUFXLW RQO\ IXQFWLRQV LI D
IDXOW RFFXUV� 7R FKHFN WKH FLUFXLW� ZH PXVW FDXVH D WHP�
SRUDU\ PDOIXQFWLRQ� &KHFN WKH 307 FLUFXLW IRU FRUUHFW
RSHUDWLRQ DV IROORZV�

��5DLVH WKH GULYHZKHHOV DQG SXW WKH OLIW WUXFN RQEORFNV�
6HH ´+RZ7R5DLVH7KH'ULYH7LUHVµ LQ WKLV VHFWLRQ�5H�
OHDVH WKH SDUNLQJ EUDNH�

:$51,1*
'LVFRQQHFW WKH EDWWHU\ FRQQHFWRUEHIRUHPDNLQJDQ\
LQVSHFWLRQV RU UHSDLUV� 3HUVRQDO LQMXU\RU HTXLSPHQW
DQG WRRO GDPDJH FDQ RFFXU LI WKH EDWWHU\ LV QRW GLV�
FRQQHFWHG�

2Q XQLW EHIRUH ´;0�µ XQLWV� GR QRW WRXFK WKH WHUPL�
QDOV RI FDSDFLWRU&� RI WKH WUDFWLRQ RU OLIW FRQWURO FLU�
FXLWV� 7KH FKDUJH RQ WKH FDSDFLWRUV FDQ FDXVH HOHFWUL�
FDO VKRFN DQG SHUVRQDO LQMXU\� 8VH DQ LQVXODWHG
VFUHZGULYHU RU MXPSHU ZLUH WR PDNH D VKRUW��FLUFXLW
DFURVV WKH FDSDFLWRU WHUPLQDOV WR GLVFKDUJH HDFK FD�
SDFLWRU� 7KLVZLOO GLVFKDUJH WKH FDSDFLWRUV WR SUHYHQW
HOHFWULFDO VKRFNV�

2Q´;0�µXQLWV�GRQRW WRXFK WKHSRZHU WHUPLQDOVRI
WKH PRWRU FRQWUROOHUV� 7KH FKDUJH RQ WKH FDSDFLWRUV
FDQ FDXVH HOHFWULFDO VKRFN DQG SHUVRQDO LQMXU\� 'LV�
FRQQHFW WKH EDWWHU\ FRQQHFWRU DQG SXVK WKH KRUQ
EXWWRQ XQWLO WKH KRUQ VWRSV PDNLQJ D QRLVH WR GLV�
FKDUJH WKH FDSDFLWRUV�

�� 'LVFRQQHFW WKH EDWWHU\ DQG GLVFKDUJH FDSDFLWRU�V� &�
DV SUHYLRXVO\ GHVFULEHG LQ WKH :$51,1*�

�� 'LVFRQQHFW WKH EDWWHU\� RSHQ WKH HOHFWULFDO FRPSDUW�
PHQW DQG GLVFKDUJH FDSDFLWRU�V� &� RQ WKH 6&5 FRQWURO
SDQHOV�

�� (9�����=;É02725 &21752//(5� 'LVFRQ�
QHFW WKH JDWH OHDG IURP WKH 6&5 � �6&5 SDQHO� IRU WKH
WUDFWLRQ FLUFXLW� 7KH JDWH OHDG KDV D SXVK��RQ FRQQHFWRU
RQ WKH 6&5SDQHO0DNH VXUH WKDW WKH HQG RI WKH JDWH OHDG
GRHV QRW WRXFK DQ\ RWKHU VXUIDFH� 6HH WKH VHFWLRQ',$�

*5$06� ���� 650 ��� WKDW FDPH ZLWK WKH OLIW WUXFN
IRU WKH ORFDWLRQ RI WKH JDWH OHDG�

(9��7��� 7UDQVLVWRU &RQWUROOHU� &RQQHFW D MXPSHU
ZLUH DFURVV WKH EXV EDUV IRU WKH &RQWDFWRU �$� 7KH ORJLF
FLUFXLWZLOO VHQVH D VKRUW�� FLUFXLW DQG WKHRSHUDWLRQRI WKH
PRWRU FRQWUROOHU�

�� &RQQHFW WKH EDWWHU\�

�� 6LW RQ WKH VHDW WR FORVH WKH VHDW VZLWFK DQG WXUQ WKH NH\
WR WKH21 SRVLWLRQ� $FWXDWH WKH0RQRWURO FRQWURO SHGDO
RU WKH GLUHFWLRQ FRQWURO OHYHU DQG DFFHOHUDWRU IRU VORZ
PRYHPHQW LQ WKH )25:$5' RU 5(9(56( GLUHFWLRQ�

��/LVWHQ IRU WKHGLUHFWLRQFRQWDFWRU WRRSHQ�7KH WUDFWLRQ
V\VWHP ZLOO QRW RSHUDWH� 7KH WUDFWLRQ PRWRU FRQWUROOHU
ZLOO DOORZ WZR SRZHU SXOVHV EHIRUH RSHQLQJ WKH FRQWDF�
WRU�

�� :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 VHFWLRQV�

0 (9�����=;É02725 &21752//(5� 'H�
VFULSWLRQ	2SHUDWLRQ$QG5HSDLUV	$GMXVW�
PHQWV� ���� 650 ����
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752//(5� 'HVFULSWLRQ 	 2SHUDWLRQ $QG
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WKH EDWWHU\ DQG GLVFKDUJH FDSDFLWRU�V� &� DV SUHYLRXVO\
GHVFULEHG LQ WKH :$51,1*� 'LVFRQQHFW RQH RI WKH
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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 WKH ´2))µ SRVLWLRQ� ,I WKH 307 FLUFXLW
GRHV QRW GLVDEOH WKH WUDFWLRQ FRQWURO� UHSODFH WKH PRWRU
FRQWUROOHU� 6HH WKH WKH VHFWLRQV�
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INTRODUCTION

GENERAL

This section has the description and repair procedures
for the steering housing and the steering control unit.
Additional information on parts of the steering system
are in the following sections: STEERING AXLE  and
HYDRAULIC SYSTEM.

DESCRIPTION

This section covers the steering column assembly used
on the “XM” series of lift trucks. This assembly uses a
steering control unit with hose connections on the bot-
tom of the unit. See FIGURE 4. The steering housing
has the mounts for the steering column and the steering
control unit. The steering wheel is installed on the steer-
ing column. The housing is adjustable and is held in
position by a latch. The position of the housing can be
changed for operator comfort. The steering housing is
also the mount for some control levers and the instru-
ment cluster.

The steering system is a hydraulic system that does not
have a mechanical connection between the steering
wheel and the steering axle. The control of the steering
is through a hydraulic circuit.

If the hydraulic pump for the steering system does not
operate, steering is still possible. A check valve permits
the steering control unit to control the steering cylinder.
The lift truck is difficult to steer when the steering pump
is not operating, but the steering control unit can operate
the steering cylinder and make steering possible.

OPERATION (See FIGURE 2.)

The steering control unit is a rotary valve operated by
the steering wheel. During the steering operation, the
steering control unit controls the direction of flow and
amount of oil that flows to the steering cylinder. The
steering cylinder in the axle actuates the steering linkage
to move the steer tires. Hydraulic oil returns from the
steering cylinder to the steering control unit and then re-
turns to the hydraulic tank.

Turning the steering wheel actuates three main parts of
the steering control unit: (1) The spool for the control
section, (2) the sleeve for the control section and (3) the
rotor in the metering section. When the steering wheel is
not moving, the spool and sleeve are held in the neutral
(center) position by springs. During this time, oil flows

freely through the steering control unit. The oil does not
flow to the steering cylinder.

FIGURE 1. STEERING HOUSING ASSEMBLY

1. STEERING WHEEL
2. STEERING COLUMN
3. STEERING

CONTROL UNIT
4. KNOB
5. LATCH
6. COVER
7. COWL
8. MOUNT

1

2

3

4

5

6

7

8

6

H2.00–3.20XM
(H45–65XM)

SHOWN

NOTE: Instrument cluster not shown.

As the steering wheel is turned, the spool just begins to
rotate. The springs try to move the sleeve to keep the
neutral position between the spool and sleeve. However,
the force necessary to turn the rotor is greater than the
pressure of the springs. The springs begin to bend, let-
ting the spool move a small amount within the sleeve.
The spool stops moving when it touches the center pin.
In this position, the holes in the sleeve and the spool are
aligned. Oil coming into the control unit flows to the
metering section.

More rotation of the steering wheel causes the spool to
rotate the pin. This action causes the rotation of the
sleeve and the rotor in the metering section. The oil then



11

FIGURE 7. DISASSEMBLY OF THE STEERING CONTROL UNIT (3 of 3)

STEP 6.
When installed, remove the snap ring, bushing,
O–ring and seal ring. Remove the oil seal from
the bushing or housing.

1. SNAP RING
2. SEAL
3. BUSHING
4. O–RING
5. OIL SEAL

11876

1
2

3

4

5

STEP 1.
Install the seal.

1. HOUSING
2. SEAL

1
2

STEP 2.
Put the spool (3) on the work bench then put the
housing (6) onto the spool as shown. Install the
guide ring (2) with the O–ring (1) on the end of
the spool. Put the thrust washer (4), (see STEP
6) on top of the guide ring and O–ring assembly.
Use a socket or tube (5) to push on the washer
and install the O–ring and guide ring in the hous-
ing. Carefully remove the washer, tube and spool
from the housing.

4. WASHER
5. TUBE
6. HOUSING

1
23

4

5

6

4

STEP 3.
Carefully assemble the spool and sleeve. Make
sure the spool rotates freely in the sleeve.

1. SPOOL
2. SLEEVE

2
1

1. O–RING
2. GUIDE RING
3. SPOOL

FIGURE 8. ASSEMBLY OF THE STEERING CONTROL UNIT (1 of 4)
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7KH VWHHULQJ ZKHHOV GR QRW PRYH
ZKHQ WKH VWHHULQJ ZKHHO LV WXUQHG�

7KH RLO OHYHO LV ORZ RU WKHUH LV QR RLO
LQ WKH WDQN�

7KH VWHHULQJ FRQWURO XQLW LV GDP�
DJHG�

1R RLO IORZ IURP WKH VWHHULQJ FRQWURO
XQLW WR WKH VWHHULQJ F\OLQGHU�

7KH VOHHYH DQG VSRRO LQ WKH FRQWURO
XQLW ZLOO QRW PRYH�

+\GUDXOLF KRVHV QRW FRQQHFWHG RU
KDYH GDPDJH�

)LOO WDQN WR WKH FRUUHFW OHYHO� &KHFN
IRU OHDNV�

5HSDLU RU LQVWDOO QHZ FRQWURO XQLW�

5HSDLU RU LQVWDOO QHZ FRPSRQHQWV�
&KHFN IRU OHDNV�

,QVWDOO QHZ FRPSRQHQWV�

&KHFN IRU OHDNV� 7LJKWHQ FRQQHF�
WLRQV� ,QVWDOO QHZ FRPSRQHQWV DV
QHFHVVDU\�

6ORZ RU GLIILFXOW VWHHULQJ� 5HOLHI YDOYH IRU WKH VWHHULQJ V\VWHP
LV QRW DGMXVWHG FRUUHFWO\�

/RZ RLO SUHVVXUH IURP WKH K\GUDXOLF
SXPS�

6HDO LQ WKH VWHHULQJ F\OLQGHU KDV D
OHDN�

+\GUDXOLF OLQHV DUH WRR VPDOO RU
KDYH UHVWULFWLRQV�

6WHHULQJ FRQWURO XQLW LV ZRUQ� QRW DV�
VHPEOHG FRUUHFWO\ RU KDV GDPDJH�

$GMXVW RU LQVWDOO QHZ UHOLHI YDOYH�

&KHFN IRU UHVWULFWLRQV� 6HH 7URXEOH�
VKRRWLQJ &KDUW� µ+\GUDXOLF 6\V�
WHPµ ���� 650 ����

5HSDLU F\OLQGHU� ,QVWDOO QHZ VHDO RU
QHZ F\OLQGHU�

5HPRYH UHVWULFWLRQV� ,QVWDOO ODUJHU RU
QHZ K\GUDXOLF OLQHV�

5HSDLU RU LQVWDOO QHZ FRQWURO XQLW�

6WHHULQJ ZKHHO WXUQV WKH WLUHV LQ WKH
ZURQJ GLUHFWLRQ�

7KH K\GUDXOLF OLQHV DUH QRW FRQ�
QHFWHG FRUUHFWO\ DW WKH VWHHULQJ F\O�
LQGHU RU DW WKH VWHHULQJ FRQWURO XQLW�

&RQQHFW OLQHV FRUUHFWO\� 5HPRYH DLU
IURP WKH V\VWHP�

6WHHULQJ IXQFWLRQ FRQWLQXHV DIWHU
WKH VWHHULQJ ZKHHO VWRSV�

7KH VWHHULQJ FRQWURO XQLW LV DV�
VHPEOHG ZURQJ RU KDV GDPDJH�

5HSDLU RU LQVWDOO QHZ FRQWURO XQLW�

7KH VWHHULQJ RSHUDWLRQ LV QRW
VPRRWK�

7KH RLO OHYHO LQ WKH WDQN LV ORZ�

$LU ZDV QRW UHPRYHG DIWHU UHSDLU WR
WKH K\GUDXOLF V\VWHP�

7KH VWHHULQJ FRQWURO XQLW LV DV�
VHPEOHG ZURQJ RU KDV GDPDJH�

7KH K\GUDXOLF SXPS KDV D OHDN DW
WKH LQOHW�

)LOO WDQN WR WKH FRUUHFW OHYHO� &KHFN
IRU OHDNV�

5HPRYH DLU IURP WKH V\VWHP�

5HSDLU RU LQVWDOO QHZ FRQWURO XQLW�

)L[ OHDNV� 5HPRYH DLU IURP WKH V\V�
WHP�

7KH SXPS PRWRU ZLOO QRW VWRS RSHU�
DWLQJ DIWHU VWHHULQJ ZKHHO VWRSV
WXUQLQJ

&KHFN IRU GDPDJHG SUHVVXUH VZLWFK

&KHFN VWHHULQJ FRQWDFWRU IRU ZHOGHG
FRQWDFWV

5HSODFH WKH VZLWFK�

5HSODFH WKH FRQWDFWRU�
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FIGURE 9. HYDRAULIC CONNECTIONS –
VISTA THREE–STAGE MAST

11960

1. FREE–LIFT HOSE SHEAVE
2. FREE–LIFT CYLINDER
3. FLOW REGULATOR HOUSING
4. HYDRAULIC TUBE (MAIN LIFT)
5. HYDRAULIC HOSE (MAIN LIFT)
6. TO TRUCK CONTROL VALVE

REAR VIEW
HOSE ROUTING – LIFT

3

5

21

64

The hoist chains fasten to the anchors near the top rear of
the outer mast weldment. The chains go over the
sheaves at the top of the intermediate mast weldment.
The other end of the chains fasten to the chain anchors at
the bottom of the inner mast weldment. When the main
cylinders raise the intermediate mast weldment, the

chains raise the inner mast weldment, the free–lift cylin-
der and the carriage.

OPERATION

The Vista three–stage mast operates in two phases. First,
the free–lift cylinder extends and lifts the carriage to the
top of the mast assembly. When the free–lift cylinder
reaches the end of its stroke, the main cylinders begin t o
extend. The main cylinders raise the intermediate mast
weldment. Since the hoist chains go over the sheaves of
the intermediate mast weldment, the inner mast weld-
ment also raises. The inner mast weldment travels at two
times the speed of the intermediate mast weldment.

The three main cylinders are connected hydraulically in
parallel. When the LIFT function begins, the pressure of
the oil is increased in all the main cylinders. The free–
lift cylinder raises the weight of the carriage and the load
on the forks. The main cylinders must raise the carriage,
the load on the forks, plus the weight of the intermediate
and inner mast weldments. It takes less force to extend
the rod of the free–lift cylinder, so this rod and the car-
riage will move first.

When the LOWER function begins, the oil from the
main cylinders returns to the hydraulic tank. The main
cylinders lower first since they have a greater load.
When the main cylinder rods have fully retracted, the
free–lift rod retracts. All the oil from the cylinders re-
turns to the hydraulic tank through the flow control
valves located in the manifold attached to the bottom of
the outer mast weldment. Each cylinder has a lowering
control valve installed in its base. These lowering con-
trol valves control the lowering speed of a load if a hy-
draulic line breaks.
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5. Use a prybar to remove the load roller from the stub
shaft for the load roller. See FIGURE 4.

6. Use a cloth to clean each load roller. Inspect the load
rollers for cracks, flat spots or bearings that do not turn
freely. Replace any roller that shows wear or is dam-
aged.

7. Install the carriage. See CARRIAGE ASSEMBLY –
REMOVAL AND INSTALLATION.

8. Adjust the carriage. See CARRIAGE ADJUST-
MENTS in CHECKS AND ADJUSTMENTS .

SIDE ROLLERS – DISASSEMBLY AND
ASSEMBLY
(See FIGURE 1. and FIGURE 2.)

1. Remove the carriage assembly from the mast to re-
place the side rollers. See CARRIAGE ASSEMBLY RE-
MOVAL AND INSTALLATION to remove the carriage.

2. Remove the capscrews that fasten the side roller
bracket.

NOTE:  Observe the position of the shims.

3. Inspect and replace all damaged or worn parts.

4. Reverse the procedure to install the side rollers. Ad-
just the carriage side rollers during assembly. See CAR-
RIAGE ADJUSTMENTS in CHECKS AND ADJUST-
MENTS.

NOTE:  To remove and replace load rollers, wear plugs,
weldments or lift cylinders, it is necessary to remove the
two–stage mast assembly from the truck.

FORK REPLACEMENT

Read and follow the SAFETY PROCEDURES in the
GENERAL section on pages 1 and 2 as well as all
WARNINGS and CAUTIONS.

WARNING
Forks are heavy and can cause an injury. Do not try
to remove forks without using a lifting device.

Forks – N50FA and N30XMH Carriage 
(See FIGURE 1. and FIGURE 5.)

These forks are connected to the carriage by hooks.
Latch pins fit through the top fork hooks and into slots
on the top crossmember of the carriage to keep the forks
in position. Remove the forks as follows:

Lift the latch lever and slide the fork to the fork removal
notch on the carriage. The removal notch is in the bot-
tom crossmember of the carriage as shown in
FIGURE 1. Lower the carriage with a blocks under the
fork or raise the fork tip. The bottom hook of the fork
will move through the fork removal notch. Lower the
carriage further or raise the fork so that the top hook of
the fork is disengaged from the top crossmember. Move
the carriage away from the fork, or use the lifting device
to move the fork away from the carriage. Follow the
same procedure to remove the other fork. Install the
forks as follows:

4. WASHER
5. SPRING
6. LATCH PIN

HOOK FORK

PIN FORK 
(REACH CARRIAGE)

 FIGURE 5. FORKS

1

2

3

4
5

6

1. LATCH ASSEMBLY
2. LEVER
3. ROLL PIN
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THREE–STAGE MAST ASSEMBLY

THREE–STAGE MAST ASSEMBLY –
REMOVAL (See FIGURE 13. and FIGURE 14.)

Read and follow the SAFETY PROCEDURES in the
GENERAL section on pages 1 and 2 as well as all
WARNINGS and CAUTIONS.

NOTE:  If the mast assembly will be disassembled after
it is removed from the truck, first  remove the N50FA
carriage or the N40–45FR reach carriage or the
N30XMH as a complete assembly. See CARRIAGE AS-
SEMBLY REMOVAL AND INSTALLATION. If the reach
carriage will be removed with the mast assembly, oper-
ate the REACH/RETRACT control lever to fully retract
the forks. Install safety chains so that the forks cannot
extend. Install the safety chains around the center plates
of the scissor arm weldment and a crossmember of the
mast. Make sure a safety chain does not touch the mount
for the hose sheave, lift chains, chain or hose sheaves,
hoses, tubes or fittings. If installed, operate the SIDE–
SHIFT control lever to move the side–shift frame to the
center position.

N40–45FR, N50FA

1. Remove the capscrew and nuts that fasten the mast
operator guard and remove the guard. See FIGURE 7.

2. Remove the capscrews that fasten the rear legs to the
overhead guard. See FIGURE 7. The overhead guard
will be removed with the mast assembly.

CAUTION
Do NOT move the control lever for the reach, re-
tract, tilt or side–shift functions. Oil will flow from
the hoses for these functions.

3. Operate the LIFT/LOWER control lever to raise the
inner weldment high enough to remove the four caps-
crews, the shims and the nut plates that fasten the bottom
of the mast to the truck frame. See FIGURE 8.

4. Install safety chains to keep the mast components
from moving. Remove the capscrews, washers and
clamps that fasten the lift cylinder hoses to the mast
weldments. Do NOT disconnect any hydraulic fittings.

5. Remove the safety chains installed in Step 4. Do not
damage hydraulic hoses as the mast lowers. Carefully

operate the LIFT/LOWER control lever to fully lower
the inner weldment. Make sure that all hydraulic pres-
sure is removed from the system.

6. Mark the trunnion caps so they can be reassembled in
the same position and on the same trunnion from which
they are removed. Use chain to connect a crane or other
lifting device to the top of the mast assembly. Make sure
the chains will not damage the sheaves or other parts of
the mast assembly. Make sure the chains and crane have
the capacity to lift approximately 2000 kg (4500 lbs).
Use safety chains to fasten all the mast weldments to-
gether so that they cannot move. If installed, install a
chain or sling to the reach carriage to keep the mast as-
sembly from tipping during removal. Remove the four
capscrews that fasten the trunnion caps.

7. Operate the crane until it gives support to the weight
of the mast assembly. Move the crane to a position so
that the mast assembly will be lifted vertically. Raise the
mast assembly high enough to clear the trunnions. Move
the mast assembly approximately 30 cm (1 ft) away
from the truck for access to the hoses.

8. Install labels on the bulkhead hoses for correct con-
nection during installation. Disconnect the mast and
carriage hoses from their fittings as required. Install
caps on the fittings and hoses to prevent leakage.

9. Install labels on all plugs and wires for the electrical
cable for correct connection during installation. Discon-
nect the plugs and wires so that the cable is completely
disconnected from the truck. The plugs are near the
cable tension device inside the electrical compartment
above the battery.

10. Move the mast assembly away from the truck.

11. If the mast will be disassembled, put the mast on a
level floor with the overhead guard on the bottom as a
support. Install a support under the other end. Make sure
the mast is level. Keep the safety chains on the mast as-
sembly that were installed in Step 6.

12. If the mast will NOT be disassembled, put the mast
on a level floor with the overhead guard on top.
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2. Lower the carriage so that the safety chains are the
support for the carriage and the lift chains do not have
tension.

NOTE:  Removing the pins, at the chain anchors, will
disconnect the lift chains without changing the chain ad-
justment. Always adjust the chains if new lift chains or
other components are installed.

3. Fasten both free–lift chains so that they cannot move
over the sheaves of the sheave support. Remove the
chain anchor pins at each end of both free–lift chains.
Hold each chain to keep it from moving too fast and
carefully remove them.

4. Inspect the free–lift chains as described in CHECKS
AND ADJUSTMENTS . Replace the free–lift chains if
necessary.

5. Reverse the procedure to install the free–lift chains.

6. Adjust the free–lift chains as described in CHECKS
AND ADJUSTMENTS .

Main–Lift Chains

1. Raise the mast until the lower chain anchors are vis-
ible on the inner weldment.

2. Use safety chains to fasten the inner weldment so that
it cannot move. Operate the LOWER hand lever to low-
er the masts until the safety chains are a support for the
inner weldment and lift chains do not have tension.

NOTE:  Removing the pins, at the chain anchors, will
disconnect the lift chains without changing the chain ad-
justment. Always adjust the chains if new lift chains or
other components are installed.

3. Fasten both main–lift chains so that they cannot move
over the sheaves. Remove the chain anchor pins at each
end of both main–lift chains. Hold each chain to keep it
from moving too fast and carefully remove them.

4. Inspect the main–lift chains as described in CHECKS
AND ADJUSTMENTS . Replace the main–lift chains if
necessary.

5. Reverse the procedure to install the main–lift chains.

6. Adjust the main–lift chains as described in CHECKS
AND ADJUSTMENTS .

THREE–STAGE CHAIN SHEAVES –
DISASSEMBLY AND ASSEMBLY
(See FIGURE 13. and FIGURE 14.)
Read and follow the SAFETY PROCEDURES in the
GENERAL section on pages 1 and 2 as well as all
WARNINGS and CAUTIONS.

Free–Lift Chain Sheaves

1. If necessary, remove the free–lift chains as described
in THREE–STAGE LIFT CHAINS – REMOVAL AND IN-
STALLATION.

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

2. Remove the snap ring from the shaft in the sheave
support.

3. Use a drift to tap the shaft out of the sheave support.

4. Remove the sheaves and spacers as a group. Inspect
all components for wear or damage. Replace any part
that is worn or damaged.

5. Reverse the procedure to install the chain sheaves.

Main–Lift Chain Sheaves

1. If necessary, remove the main–lift chains as described
in THREE–STAGE LIFT CHAINS – REMOVAL AND IN-
STALLATION.

2. Remove both pins from the chain anchors at the rear
of the free–lift cylinder. Remove each lift chain from the
sheaves.

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

3. Remove the snap ring from the chain sheave bracket.

4. Use a prybar to remove the chain sheave from the
bracket. Inspect all components for wear or damage. Re-
place any item that is worn or damaged.
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