INTRODUCTION

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

This section has the description, disassembly, assem;, .
. A boom is fastened to the traverse frame by rollers. The

bly, checks and adjustments for the attachment. Trou- . . .
: e boom is moved left and right by a traverse cylinder and
bleshooting and specification tables are at the end of the, _. .
Chain arrangement. One end of each chain is connected

section. to the traverse frame. The other end of each chain is
connected to the boom. As the shell of the traverse cyl-

DESCRIPTION (See FIGURE 1., FIGURE 2. inder moves to the left or right, it pulls the boom in the

and FIGURE 3.) same direction. This movement is the "traverse” func-
tion.

The mast lifts and lowers the attachment. A rotary actuator is attached to the end of the boom. A

) ) . fork carriage is fastened to the rotary actuator. The
The_ N30XMH attachment .has an opt!o_nal side shift rotary actuator moves the fork carriage and forks in a
carriage. Load rollers on this carriage fit into the chan- ; g degree arc for left and right hand load handling

n_els of t_he inner masf[. A traverse frgme mpunts_on thel\/lovement of the forks in an arc is the "rotate” function.
side shift carriage with rollers. A side shift cylinder

connects the side shift carriage and the traverse framevlovement of all of these parts are controlled by the hy-
Actuation of the cylinder rod moves the entire attach- draulic control levers beside the seat. Information on
ment to the right or left of the lift truck. This movement the hydraulic valves for the attachment are in the sec-
is the optional "side shift” function. tion for theHYDRAULIC SYSTEM, 1900 SRM 559.

CONTROL LEVERS
3-STAGE MAST
TRAVERSE FRAME
BOOM

FORK CARRIAGE
FORKS

N

oukrwnpE

FIGURE 1. N30OXMH ATTACHMENT
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BRAKE “OFF”

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

\E”’,'-q

_
BRAKE “RELEASED” / 9

When the brake pedal is released, the re- a
turn springs cause the pistons to retract el 8

faster than the fluid. This action causes a 9

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 5
pistons and past the seals into chambers 3 4 S)

A and C. The supply holes in the cylinder A 5 B C D
body supplies fluid as the flow moves 1
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 __} FLUID WITH NO PRESSURE

FLUID UNDER PRESSURE

SECONDARY SPRING

SEAL 6. PRIMARY FLUID CHAMBER
SECONDARY PISTON 7. SECONDARY FLUID CHAMBER
PRIMARY SPRING 8. BYPASS HOLES

PRIMARY PISTON 9. SUPPLY HOLES

agprwNE

BRAKE “APPLIED”

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. A B C D
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FIGURE 2. OPERATION OF MASTER CYLINDER




MASTER CYLINDER vent approved for cleaning of brake parts. Do not

permit oil or grease in the brake fluid or on the lin-
Removal (See FIGURE 11.) ings.

1. Remove the floor plates from the lift truck for access

to the master cylinder. Inspect the bore of the master cylinder for holes or

2. Loosen and remove the two brake hydraulic linesscratches. Replace the master cylinder assembly if there
from the master cylinder. Disconnect the wire at the is damage.
switch on the reservoir.

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

4. Remove the capscrews, washers, and nuts that holg€€ the repair procedures for the master cylinder in
the master cylinder to the bracket assembly and remové |GURE 12.
the master cylinder from the lift truck.

Cleaning And Inspection Installation (See FIGURE 11.)

A CAUTION Use the reverse order BeEmovalto install the master

DO NOT use an oil solvent to clean the master cylin- ~ cylinder. Check the adjustment of the brake pedal as de-
der, wheel cylinder, or the brake linings. Use a sol-  scribed in CHECKS AND ADJUSTMENTS.

1. CAP
2. RESERVOIR
3. SEAL

RETURN SPRING 9. SEAL
BODY 10. SPRING
PIN 11. PRIMARY PISTON
SEAL 12. WASHER
SECONDARY 13. RETAINER RING
PISTON 14. DUST COVER
15. ROD
16. LOCK NUT
7§ o - 17. CLEVIS
[} 18. PRIMARY FLUID CHAMBER
19. SECONDARY FLUID
13 CHAMBER
20. FLOAT
3 21. SWITCH (FLUID LEVEL)

yltastl LTI (YY) .
)\ T b [ =L
D

8 10 11 g 12 14

© N A
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FIGURE 11. MASTER CYLINDER
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COUNTERWEIGHTS

MODEL

mm* (in*)

50kg ( 110Ib
WEIGHT **%3S oy

E2.00XM & E2.50XM
E2.50XM, (E50XM & E50XM)
E3.00XM

700 mm (27.6 in)
847 mm (33.3 in)
1015 mm (40.0 in)

544 kg (1200 Ib)

(E45XM & E45XM,)
(E55XM, E55XMs) & E2.50XM, (E65XM, E65XMs), E3.00XM
E3.20XM & (N30XMH, N30XMH,)

700 mm (27.6 in)
847 mm (33.3 in)
1015 mm (40.0 in)

770 kg (1700 Ib)

(E50XM, E50XMj) & E2.50XM 700 mm (27.6 in) 26 ka (2150 Ib
(E60XM, E60XM5) & E3.00XM, 847 mm (33.3 in) 976 kg (21501b)
J2.00XM & J2.50XM (J40XM, J40XMj & J50XM, J50XMs) 717 mm (28.2 in) 678 kg (1495 I
J2.50XM & J3.00XM (J50XM, J50XMs & JEOXM, JEOXMs) 861 mm (33.9 in) g

J3.20XM & (JE5XM, JE5XM) 861 mm (33.9 in) 749 kg (1650 Ib)

* approximate battery compartment lengths (identifies frame size)

HYDRAULIC SYSTEM

ITEM

SPECIFICATION

RELIEF PRESSURE, LIFT SYSTEM
E2.00-3.20XM, (E45-65XM, E45-65XM,) And
(N3OXMH, N30XMH.,)

J2.00-3.20XM, (J40-65XM, J40-65XM,)

RELIEF PRESSURE, TILT SYSTEM
With Auxiliary Relief Valve
Without Auxiliary Relief Valve

RELIEF PRESSURE, AUXILIARY
RELIEF PRESSURE, STEERING SYSTEM

21.7 + 0.7MPa (3100 = 100 psi)

21.0 + 0.7 MPa (3000 = 100 psi)

15.75 = 0.7 MPa (2250 = 100 psi)
21.7 + 0.7MPa (3100 = 100 psi)

15.75 + 0.7 MPa (2250 = 100 psi)
8620 = 345KPa (1250 = 50psi)

* Qil temperature 54 to 66°C (130 to 150°F).

This section is for the following models:

E2.00XM, E2.50XM(SHORT), E2.50XM, E3.00XM(SHORT), E3.00XM, E3.20XM
E45XM, E45XM(SHORT), E50XM, E50XM(SHORT), E55XM, E60XM, E65XM
E45XM,, E45XMo(SHORT), E50XMsp, E50XMo(SHORT), E55XMa, E60XM,, E65XMs
N30XMH, N30XMH;

J2.00XM, J2.50XM, J2.50XM(SHORT), J3.00XM, J3.20XM
J40XM, J50XM, J50XM(SHORT), J60XM, JE5XM
J40XMo, J50XMo, J50XMo(SHORT), JBOXMa, JE5XMy

©HYSTER COMPANY 1999




E2.00-3.20XM MAST SPEEDS (72 or 80 Volt) Europe

CONTACTOR CONTROLLED STANDARD MOTOR & SMALL LIFT PUMP*

LIFTING LOWERING

MODEL MAST V | RATED LOAD | NO LOAD RATED LOAD | NO LOAD

m/sec m/sec m/sec m/sec

Limited Fres Lift| 80 | 0310 0.462 0559 0508

£2 00x |__FullFreaLift | 80 | 0330 0.478 0508 0457

"Full Free Lift | 80 | 0420 0472 0528 0.467

Full Free Lift | 80 | 0340 0447 0.447 oar

A I O I B
TWO-STAGE | 72 0.279 0.432

oo PUES LB S8 Lo e | v

Full Free Lift | 80 0.300 0.472 0.549 0.467

"l Fro Lift. | 50 0205 0477 0.447 0.411

Limited Fres Lift| 80 | 020 0at] 0559 0457

cooom| MIOSKGE (| o | om | o | o

"Full Free Lift | 80 | 0259 0.422 0544 0.396

Limited Fres Lift| 80 | 024 0411 0.559 0457

E320XM |yl Frealift | 80|  0.250 0422 0523 0366

TRull Free Lift | 80 | 024 0422 0533 0396

* Slow (lift) speed 12 cubic cm displacement pump,190 mm standard pump motor and 500 mm load center.

Oil temperature 54 to 66°C. Lifting speeds (valve fully open) + 10% acceptable. No Load lowering speeds are minimum
values. Rated Load lowering speeds are maximum values.




J40-65XM, J40-65XM,, MAST SPEEDS (36 or 48 Volt) (3/99) Americas

190 mm (7.5 in) MOTOR & SMALL LIFT PUMP*

LIFTING LOWERING
MODEL MAST V | RATED LOAD NO LOAD RATED LOAD NO LOAD
m/sec | ft/sec | m/sec | ft/sec | m/sec | ft/sec | m/sec | ft/sec
Limited Fres Lift |48 | 0.13 | 59 | 0277 | o | 039 | 110 | 0308
JaoxMp | FullFreelifi |48 | o1se | o1 | osse | ea | 0308 | 100 | o277
TFullFroo Lift |45 | 0,185 | o | ozss | oo | 0320 | 104 | 0283
Limited Fres Lift |48 | 0169 | 55 | 0277 | o | 0348 | 113 | 0308
XMy | FullFreelifi |48 | o17e | 58 | osme | ea | 0326 | 106 | 0277
TFullFroo Lift |48 | 0,176 | 57 | ozss | oo | 03% | 108 | 0283
Limited Fres Lift |48 | 0142 | 5 | 0240 | so | 0345 | 12 | o277
JooxMy | FullFreelifi |48 | 0151 | 4o | o2mp | sp | 0926 | 106 | o222
TRullFroo Lift |48 | 0151 | 46 | o4 | a1 | 0929 | 107 | 0240
Limited Fres Lift |48 | 0.145 | 47 | 0245 | o | 039 | 10 | 0277
JesxMy | FullFreelifi |48 | otae | 45 |o2sp | sp | 0817 | 103 |o2e2
TRullFroo Lift |48 | 0148 | 45 | o4 | a1 | 0328 | 105 | 0240

*Slow (lift) speed 12 cubic cm (0.73 cubic in) displacement pump,190 mm (7.5 in) standard pump motor and 610
mm (24 in) load center.
Oil temperature 54 to 66°C (130 to 150°F). Lifting speeds (valve fully open) + 10% acceptable. “No Load” lowering speeds

are minimum values. “Rated Load” lowering speeds are maximum values.

N/A = Not Available
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TORQUE SPECIFICATIONS

ITEM

TORQUE

DRIVE AXLE, SPEED REDUCER AND
DIFFERENTIAL J2.00-3.20XM
(J40-65XM, _J40-65XMs)

Axle Mounts To Frame
Torque Wrench On Head Of Bolt
Torque Wrench On Nut Of Bolt

Axle Housing To Differential Housing
Axle Shaft Capscrews

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

Bearing Cap Capscrews For Differential Bearings
Bearing Cap Capscrews For Speed Reducer
Differential Case Halves

Drive Gear To Differential Case

Retainer Capscrews For Adjustment Nuts

Speed Reducer Housing To Differential Housing
Traction Motor To Speed Reducer Housing

Wheel Cylinder Capscrews
/46 in Capscrews
1/5 in Capscrews

Wheel Nuts

STEERING AXLE E2.00-3.20XM (E45-65XM,
E45-65XM, And N30XMH, N30XMH,)

Mount Brackets M12 x 1.75 x 45 bolts (4)

Steering Cylinder to Axle capscrews
M16 x 2 x 130 (4)

Tie Rod Nuts 3/, UNF (2)

Capscrews, Lower Spindle Cap (6)
3/g UNC X 1

Castle Nut, Wheel Hub (2)

540 N.m (400 lby ft)
473 N.m (350 to 525 Ibs ft)

38 N.m (28 Iby ft)

98 N.m (72 Ibs ft)

245 N.m (180 Iby ft)
125 N.m (92 Ib ft)

95 to 110 N.m (14 Ibs ft)
19 N.m (14 Ibs ft)
50 N.m (37 Iby ft)
111 N.m (82 Ibs ft)
19 N.m (14 Ibs ft)
52 N.m (38 Iby ft)

38 N.m (28 Ibs ft)

78t0 91 N.m (58 to 67 Iby ft)
91 to 102 N.m (67 to 75 Iby ft)

237 to 305 N.m (175 to 222 Iy ft)

88 N.m (65 Iby ft)

121 N.m (89 Iby ft)

163 N.m (120 Ibs ft)

44 N.m (32 Ibs ft)

Initial: 68 Nm (50 Ibs ft) while rotating wheel
Loosen, then 3 Nm (2 Iby ft)
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To remove the battery, either raise the hood panels or
unfasten the floor plate, depending on which motor
needs to be accessed.

2. To remove the battery if necessary, see How To
Remove The Battery in the OPERATING MANU-
AL or the PERIODIC MAINTENANCE MANU-
AL for your lift truck.

A WARNING

Compressed air can move particles so that they
cause injury to the user or to other personnel. Make
sure that the path of the compressed air is away from
all personnel. Wear protective goggles or a face
shield to prevent injury to the eyes.

3. Remove the access plate or hood panels that cover
the motors. Remove the brush covers on the motor.
See FIGURE 2. Wear eye protection. Use a vacuum
cleaner or compressed air to remove dirt and brush
dust from the commutator area.

1. BRUSH HOLDER (4)

2. BRUSH MOUNTING PLATE
3. BRUSH SPRING (4)

4. BRUSH SET

FIGURE 13.TYPICAL BRUSH ASSEMBLY

4. Make a note of the arrangement and connections of
the brush assembly. The new brushes must be
installed in the same positions from which the worn
brushes were removed.

5. Loosen the screw that fastens the brush wire to its
terminal. Remove the brush springs and brushes.

6. Inspect the brush holders for burns and damage.
Make sure the brush holders are fastened tightly to
the brush mounting plate at the end of the motor.
Make sure the new brushes will move freely and
smoothly in the brush holders. Check that the brush
mounting plate is holding the brush holder so that it
does not move.

7. Connect the new brush wire to its terminal mount.

BRUSH HOLDER
BRUSH SPRING
BRUSH

BRUSH MOUNTING
PLATE

FIGURE 14. TYPICAL BRUSH HOLDER AND
MOUNTING PLATE

NOTE: When new brushes must be installed, it is
recommended that new brush springs be installed as
well. Damage from heat can cause the brush springs
to have the wrong spring pressure.

rpODO~

8. Check the brush springs for damage from heat and
corrosion. If brush springs are damaged, install new
brush springs. Check that the brush springs for
approximately equal pressure.

Brush springs normally have a spring pressure of
approximately

1.0 to 2.0 Newtons per each cm?

(1.5 to 3.0 Ibf per each in?) when mea-
sured with a spring scale.



brush holder must be installed in the same position as
the old holder so that the timing will be correct.

TESTS FOR A DAMAGED FIELD AND
ARMATURE

The tests described in the following paragraphs are to
help service personnel check a motor for damage and
determine if it must be sent to a repair service for re-
built motors. The resistance checks will not normally
indicate a short-circuit in a motor winding. A resist-
ance greater than 1 to 2 ohms can indicate a damaged
winding. The motor must be removed from the lift
truck and disassembled as shown in the illustrations
before the tests can be done.

Test For An Open Circuit In The Armature
(See FIGURE 23.)

The armature windings in large electric motors nor-
mally have less than one ohm of resistance. The two
commutator bars for a winding are found 180 degrees
apart on the commutator. If an ohmmeter (R x 1
scale) is used to check the resistance between the two
commutator bars of the winding, a resistance of more
than one ohm indicates a problem in that winding. A
resistance of infinity (o) indicates an open (damaged)
winding.

1. COMMUTATOR BARS
2. TEST PROBES AT 90 DEGREE SEPARATION

If the armature has an open circuit, there will normal-
ly be two burned commutator bars on opposite sides
of the commutator. These burned areas will cause the
brushes to wear rapidly. When the motor operates,
large electric sparks and arcs occur as the damaged
commutator bars rotate under each brush. See
FIGURE 9.

Test For A Short-Circuit In One Armature
Winding (See FIGURE 24.)

A short-circuit in a motor winding is difficult to test
because of the normal low resistance (less than one
ohm) of a good armature. Special equipment is neces-
sary to check for a short-circuit in a motor winding.
A motor with a short-circuit in an armature winding
will have a different sound when it begins to operate,
but a service person must have experience to hear and
understand the difference in sound. A winding with a
short-circuit will also run hotter than a good winding
and can have indications of heat damage. A winding
that shows heat damage when the other windings are
normal can have a short-circuit.

1. COMMUTATOR BARS
2. TEST FOR SHORT CIRCUIT
BETWEEN WINDINGS

FIGURE 23. TEST FOR AN ARMATURE
OPEN-CIRCUIT

18

FIGURE 24. TEST ALL ARMATURE WINDINGS



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

JERM CONN OF LIFT PUMP POWER STEERING
TRoDuLE MOTOR PUMP MOTOR

2
|

T
7
80

T

- -

BRUSH WEAR
IND (BWI)
TERM

ORN/
YEL

|

221
§EI
pgp—

!
BLU-D ' TEMP
| SW |
pig
| '
BLK—6 ] TRACTION
BRUSH WEAR
et S P1afee  IND (BWI) MOTOR
1p1 1p1 L TERM
| PUMP CONT |
BLU-D .
| SUFPRESSOR, . ELBU_ TO LIGHTS
- - - - - | :UsE 2 - ﬁg: o7 = CIRCUIT
| 3B A T0-4
! Loct
|
| BATT FORWARD. p &P "
(FWD) CONT ~— FIELD
ps WEAKENING
| (FW) CONT
| b |
P 4 RES
TERM
T P13
Po
| |
| D7 D26 |
“"I"
R /JL/TJ "SR
TERM T 1T .l REGEN
D3 |p23 {D24 D4 - (RB) CONT
| - = m-:: ] ]
| FUSE 4 |
| 404
BATT - VWW\ ( [
(N) TERM A2 TERM | 13 ILr-11 ;Ei {EE
13 \ /!.Q
\ -
M:IF'EAS%TI\IICS)gR | POWER STEEAING |
BT — B russ 734 |
2p2 |

—

FUSE 6 -
FUSE S - ISA

SCR PANEL OF TO STANDARD DISPLAY
TRACTION MOTOR CONTROLLER B+ TERM # 18
veL | e o Fuse a 154 l 70 opTIONAL LigHTS |
— ERNIGAN-D __ I
EEN ! - — !

o

CONTACTOR PANEL

1340790 2/5 R3

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

FIGURE 5. WIRINGDIAGRAM, E2.00-3.20XM (E45-65XM) AND N30XMI



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

LIFT PUMP
MOTOR

POWER DISCONNECT

[d]

12

1P1

TRACTION
MOTOR

=

POWER STEERING
PUMP MOTOR

32%A REVER!
(REV) CONT]

*FORWARD
(FWD) CONT.

11T e FUsE 1

Ll

F
[} WEAKENING

¢ (FW) CONT

1A CONT

BATT — TERM
(N) TERM JRACTION MTR SENSOR

FUSE 4 d
40A | |

e

NEG.
STUD

SCR PANEL OF
TRACTION MOTOR CONTROLLER

FUSE 7 - 3A

POWER STEERING
PS) CONT

FUSE 6 - ISA

FUSE 5 - ISA A

FUSE 3 - I5A

TO OPTIONAL LIGHTS I

CONTACTOR PANEL

LERN L]

i

YEC

BRN/CAN

BRN/PUR

BRN/PUR

1364913 3/5 R4

> wire 60, between Power Steering Contactor and Traction PB3, is not connected when On—Demand Steering is installed.

=> 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.

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

FIGURE 11. WIRINGDIAGRAM, J2.00-3.20XM (J40-65XN

17



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

1364900 /5 R6 |

: ' =4
( = [" For 72/80 Volt w/SCR Hyd.

. \ - | Traction motor power cables are
. | on right—hand side of lift truck. [~ --
l 13
r ) ] ) jf’dﬁ:_--
jL ”.': 1364900 2/5 R6 14
1. TRACTION MOTOR 13. PUMP MOTOR TERMINAL S2
2. LIFT PUMP MOTOR (POWER CABLE P3)
3. STEERING PUMP MOTOR 14. PUMP MOTOR TERMINAL A2
4. POWER DISCONNECT (POWER CABLE P10)
5. POWER CABLE 1P3 15. TRACTION MOTOR TERMINAL S2
6. POWER CABLE 1P2 (POWER CABLE P13)
7. POWER CABLE 1P1 16. TRACTION MOTOR TERMINAL Al
8. POWER CABLE 2P1 (POWER CABLE P5)
9. POWER CABLE P14 17. TRACTION MOTOR TERMINAL A2
10. POWER CABLE P9 (POWER CABLE P9)
11. POWER CABLE P5 18. TRACTION MOTOR TERMINAL S1
12. POWER CABLE P13 (POWER CABLE P14)

FIGURE 21. TRUCK POWER CABLES, J2.00-3.20XM (J40-65XM)




OPERATOR COMPARTMENT LIGHT

SWITCH (U.S. ONLY)
OR FLASHING LIGHT SWITCH
NON U.S.

BRN/PUR 0/(:

I BRN/PUR ~,
o

REAR DRIVE
LIGHT SWITCH

FRONT DRIVE LIGHTS AND
BRAKE & REVERSE LIGHTS
SWITCH

BRN/PUR O,rg>
» BRN/PUR J/o

4 YEL/BLK
BRN/PUR
> BRN/PUR
| | SPOT LIGHT
| & SW ASSY
BLK/PURPL BLK/PURPL
> »
YEL/BLK YEL/BLK
BLK/PURPL BLK/PURPL | L
FRONT
DRIVE
LIGHTS
YEL/BLK YEL/BLK
BLK/PURPL

/ BLK/PURPL
N

LIGHT SWITCHES AND
FRONT LIGHTS

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.

CONNECTOR ON E2.00-3.20XM
E40-65XM and N30XMH UNITS ONLY.
J2.00-3.20XM (J40—65XM) UNITS HAVE
CONTINUOUS WIRES.

CHASSIS LIGHT HARNESS

TO FIGURE 32.
WHT/GRNL] OR FIGURE 33.
+
= s
- 4
YE )
oo K S YEL/GRN(I
STOP LIGHT I""—'—“E
SWITCH DK ¢ WHT/BLU[)
BRN/WHT VELGAN-D x| DK e GRNI
[ .
70 . -
REVERSE CONTACTOR COIL
l . POSITIVE (WIRE 15-2 TERM)
OF FIGURE 1.
pa1 TB2 1g5 TB6 R
TR NS OF * REVERSE CONTACTOR COIL
d Com TN D NEGATIVE (WIRE 23 TERM)
N : OF FIGURE 1.
(W TO FUSE 5 FIGURE 1.
OF FIGURE 1. e
—_——e— g
BATTERY
NEGATIVE

.
|
|
POWER HARNESS, |
TRUCK VOLTAGE {
|
|
|
I
J

TERM. STRIP
BATT NEG STUD

TERM. STRIP
KEY SWIGN TERM

(North American Trucks Only)

e e e e e e o = o o e e ot o
:" T T T T T T T T T 1
|

I POWER HARNESS, |
: 12 VOLTS |
| (Some European Trucks Only) |
| |
: BRN/WHT BATT-+ | |
TERM. STRIP BRN/PUR ( np“t)l |

: (KEY SW IGN TERM) 12v+ (Output) * DC TO DC I
| . TERM.STRIP s 12V- (Output) CONVERTER :
i (BATT NEG STUD) BATT- (input) I l
L e e e e e e o e e o e e e -~
[ T T T T T T e e e e -
1 |
| 1
] |
i POWER HARNESS, |
| TAPPED BATTERY |
: TERVL STRIP (Some European Trucks Only) :
| (BATT NEG STUD) |
I TERM. STRIP |
| (KEY SW IGN TERM) TO 12V BATTERY |
| TAP OF FIGURE 1. |
| ALSO SEE FIGURE 30. |
1 |
! IN-LINE FUSE |
| 30A |
e o e e e e e e e e e =~ e e e o e e o I

+ E2.00-3.20XM (E45-65XM) and N30XMH ONLY
0J2.00-3.20XM (J40-65XM) ONLY

1364861 R4
(modified)

FIGURE 31.LIGHTING SCHEMATIC (CHASSIS)
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NOTE: Some early models of the electric XL series of
lift trucks have M20 x 2.5 x 80 bolts instead’tfx 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
acrane 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
11540 hub. There are two holes with threads in the flange of the

FIGURE 4. LOWER THE DRIVE AXLE TO THE axle shaft. Put capscrews (M12 x 1.75) in these holes to
SURFACE 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

11541

axle spindle.
FIGURE 5. REMOVE THE DRIVE AXLE FROM 5. The axle spindles are not normally removed from the
THE LIFT TRUCK differential housing. If repairs are necessary, remove the

5. Remove the drive wheels and lower the lift truck so 16 M12 x 1.75 x 35 capscrews that hold the axle
that the drive axle and the front of the frame is on thespindles to the differential housing. Remove the axle
floor. (The steering wheels are on the floor and hold thespindles.

end of the frame with the counterweight.) 6. Remove the six M10 x 1.5 x 30 capscrews and

6. Remove thé/g x 14 UNF bolts that hold the axle washers and the two M10 x 1.5 x 40 capscrews and
mounts to the frame. Turn the axle mounts forward sowashers from the bottom of the differential housing.
that there is additional clearance for removal of the driveRemove the transmission and differential assembly
axle. from the differential housing.



See Figure 3 for the variation in the mounts for the drive E/J2.00-3.00XL (E/J40-60XL). Tighten the wheel nuts
wheels and axles. When the capscrews are not used fdo 237 to 305 N.m (175 to 225 Ift).
the drive wheel mounts, install the 10 M14 x 1.75 x 35

capscrews and tighten them to 155 N.m (115t)b E2.00-3.20XM (E45-65XM) and N30XMH. Tighten
the wheel nuts to 237 to 305 N.m (175 to 225t

E2.00-3.00XL (E40-60XL). Install the eight M12 x

J2.00-3.00XL (J40-60XL). Install the eight M12 x E/J1.25-1.75XL (E25-35XL). Install the hand lever

1.75 x 35 capscrews and tighten to 98 N.m (72t)b assembly for the parking brake. Carefully slide the hand
lever assembly and cables past the hydraulic lines and

E2.00-3.20XM (E45-65XM) and N30XMH. Install electric wires so that the hand lever assembly can be
the eight M12 x 1.75 x 35 capscrews and tighten to 90fastened in position on the cowl. Tighten the retainer

N.m (66 If ft). that holds the lines and cables near the floor plate.
Install the two M8 x 1.25 x 40 capscrews and washers

INSTALLATION OF THE DRIVE AXLE that hold the hand lever assembly to the cowl mount.

ASSEMBLY DO NOT tighten the capscrews more than 12 N.m¢(9 Ib

ft) or you will bend the hand lever assembly enough to
1. Use a crane to move the drive axle assembly to th&ause it to malfunction.
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. E2.00-3.20XM (E45-65XM) and N30XMH. Attach
the park brake assembly to the frame.

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

2. Align the bolt holes in the axle mounts and the frame.
The lower edge of the speed reducer housing W_]USI b%. Connect the brake lines to the wheel cylinders. Make
raised over the frame cross.member so thatthe drive aXIEure there is brake fluid in the reservoir. Remove the air
assembly can be aligned with the frame. Install the boltsfrom the brake lines (S&¢OTE below).

to fasten the mount brackets to the frame. See the

following NOTE. 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.

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 Ipft). If the torque wrench is on g Adjust the clearance of the brake shoes as described in

the nut, tighten the nut to 473 N.m (35¢fi). the section for THE BRAKES.
Later models of the electric XL series SitDrives use

special’/g x 14 UNF bolts. This special set of hardware 7. Install the traction motor. See the FRAME section for
has the following Hyster part numbers: 36674¢X 14 procedures to install the traction motor.
UNF bolt) 366713 (washer) 366715 (hex nut) Other

nuts and bolts must not be used to replace these speci§r Install and tighten the drain plug. Fill the differential
bolts because of the high torque values. housing with SAE 90 EP gear oil through the fill hole

until the oil level is even with the bottom of the fill hole.
3. Use a crane or jack to raise the drive axle from thelnstall the plug.

floor so that the drive wheels can be installed. Install the _ _ .
drive wheels. 9. Install the mast as described in the section for THE

MASTS. Install the battery as described in the
E1.25-1.75XL (E25-35XL). Tighten the wheel nuts to PERIODIC MAINTENANCE section. Remove the
155 N.m (115 Ipft). blocks so that the lift truck is on its wheels.

14
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The hourmeter display shows the operating time
of 0000 to 9999 hours. The time for the traction
circuit is shown for four seconds after the lift
truck has been operating and the key is turned to
the OFF position. The indicator lights for the
traction motor (8) and for the hourmeter (12) will
also be illuminated during this time. If there is an
SCR control card for the hydraulic pump motor,
this time will then be shown on the hourmeter for
another four seconds. The indicator lights for the
hydraulic motor (9) and for the hourmeter (12)
will also be illuminated during this time.

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.

Warning Light, Brake Fluid Reservoir Is Low
(Early Only). The red light is ON for one second
when the key switch is turned to the START
position and must go OFF when the key switch is
in the ON position. If the warning light is ON
when the key switch is in the ON position, the
brake fluid level in the reservoir is too low.

Warning Light, Parking Brake Indicator. The
red light is ON when the parking brake is applied
and the seat switch is closed. and goes OFF when
the parking brake is released.

A warning buzzer will make a noise if the
operator leaves the seat (key switch ON) and the
parking brake is not applied.

Indicator Light, Steering Pump Motor. This
light will illuminate with another warning light if
a fault occurs in the steering pump motor. If the
brush wear sensor is activated in the motor, the
warning light, brush wear (7) will go ON and the
indicator light for the steering pump motor will
show which motor has the problem.

Warning Light, Motor Brushes Are Worn.
When the sensor for brush wear closes, this
warning light and the indicator light for the motor
that has the problem will both illuminate.

Indicator Light, Traction Motor. This light will
illuminate with another warning light if a fault
occurs in the traction motor. Example: If the
brush wear sensor is activated in the motor, the
warning light, brush wear (7) will go ON and the

©)

indicator light for the traction motor will show
which motor has the problem.

Indicator Light, Hydraulic Motor. This light
will illuminate with another warning light if a
fault occurs in the hydraulic pump motor.
Example: If the temperature over limit switch
closes in the motor, the warning light, motor
temperature over limit (10) will go ON and the
indicator light for the hydraulic motor will show
which motor has the problem.

(10) Warning light, Motor Temperature Over

Limit. The traction motor and the hydraulic
pump motor have thermal switches inside the
motors. When the temperature increases to the
limit set by the manufacturer of the motor, the
thermal switch closes and the warning light on
the display panel illuminates. The indicator light
for traction motor (8) or for the hydraulic motor
(9) will show which motor has the problem.

(14, 15) Set Lift Truck Performance. The lift truck

can 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 (14),
performance level will increase by one step. At
the maximum (rabbit) level, the performance
levels will begin at the lowest (turtle) level again.
The four performance levels set by the
manufacturer are:

1. Low performance for handling fragile

loads.

2. Medium speed for less consumption of

battery charge during a work shift.

3. Higher performance with higher

consumption of battery charge during a

work shift.

4. Maximum lift truck performance with

maximum consumption of battery charge.

The performance settings can be made with
either the PC or the Hand Set (Functions 11, 12,
and 13).

The four performance levels can be set to any
level up to the maximum limits. Two or more
adjacent performance levels can be set to the
same limits. The performance levels must be set
at the same or in ascending order (from turtle to



Status Code Or Performance Level Switches
And Indicator LEDs
(Performance Display Panel Only)

NOTE: These switches of the Performance display pan-
el cannot be replaced as separate components. The
switches must be replaced as part of the Performance
display panel. See Replacing Display Panel Assembly
of this section.

Replace Parts Of The Basic Display Panel
(See FIGURE 9.)

NOTE: The parts of the Basic Display Panel can be re-
placed with the display panel on the steering column. If
the assembly housing will be replaced, remove the com-
plete assembly from the steering column as described in
Replacing Display Panel Assembly.

NOTE: The followingis a complete disassembly proce-
dure. Do ONLY those steps necessary to replace the part
you want replaced.

Remove and replace the components of the Basic dis-
play panel as follows:

1. Disconnect the battery and remove the key.

2. Remove the eight screws that fasten the top cover to
the panel housing. The screws are at the bottom of the
housing. See FIGURE 9. The hourmeter is fastened to
the top cover with the electrical connector on the circuit
board inside the housing. Carefully lift the top cover up
off the housing and the indicator LEDs without damag-
ing the O-ring gasket. The gasket for the LED indicators
can stick to the LED housing as the top cover is re-
moved. Do not lose or damage the gasket. Disconnect
the three wire connector for the hourmeter.

3. If the housing or filter for the indicators will be re-
placed, remove the screws that fasten the LED housing
to the cover. If the hourmeter or hourmeter gasket will
be replaced, remove the screws that fasten it to the top
cover. Install the replacement parts to the top cover.
Make sure that the hourmeter is installed so that it can be
read after the cover is installed.

4. Remove the nut that fastens the key switch. See
FIGURE 8. Remove the key switch from the housing.
Make a note of which wires are on which terminals and
disconnect the wires. Install the wires on the same termi-
nals of the replacement switch.
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5. Align the notch in the shaft housing of the key switch
with the tab in the housing of the display panel. Install
the replacement switch. Tighten the nut and connect the
wires.

NOTE: Itis not necessary to do Step 6 if only the meter
movement of the battery indicator will be replaced on
the existing circuit board. Carefully lift the meter move-
ment up off the pins of the circuit board without bending
the pins. See FIGURE 9. Carefully install the replace-
ment meter movement on the pins. Make sure the pins
are correctly aligned on the back of the meter before
pushing the meter on the pins.

6. If the battery indicator, circuit board for the hour me-
ter or the buzzer will be replaced, remove the screws that
fasten the circuit board to the housing. Disconnect the
connector from the circuit board. Remove the buzzer
from the bottom of the circuit board. Make sure to install
the fiber washer when installing the replacement buzzer
on the replacement circuit board. If necessary, carefully
lift the meter movement up off the pins of the circuit
board without bending the pins. See FIGURE 9. Care-
fully install the replacement meter movement on the
pins of the replacement circuit board. Make sure the pins
are correctly aligned on the back of the meter before
pushing the meter on the pins. Connect the electrical
connector to the circuit board and install the circuit
board assembly in the housing.

7. If the LED indicator assembly will be replaced, first
remove the 18 pin connector. It is necessary to remove
the front steering column cover with the display panel
assembly attached for access to the connector. After re-
moving the screws that fasten the front cover, carefully
disconnect the connector. It can be necessary to discon-
nect the key switch wires (Step 4) and the two wire con-
nector for enough clearance to disconnect the 18 pin
connector. Remove the two screws that fasten the LED
assembly to the housing. Install the replacement LED
assembly, carefully connect all connectors and wires.
Install the front steering column cover with the display
panel assembly attached. Install the LED gasket overthe
LED indicators.

8. If necessary, install a new O-ring gasket. Carefully
install the O-ring gasket in the groove of the top cover.
Carefully install the top cover assembly over the LED
indicators and assembly housing without damaging ei-
ther the LED gasket or O-ring gasket. Make sure the O-
ring gasket is still correctly aligned with the cover and
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MONOTROL PEDAL

2. FLOOR PLATE \7‘[1\\,
3. PEDAL MOUNT PLATE Ui
4. ELECTRICAL CONNECTIONS L
5. SENSOR MOUNT PLATE 0t 2 mm
6. SPRING 16 .
7. MOUNT NUT (0100.08 in)
8. FORWARD/REVERSE
SWITCH & CABLE ASSEMBLY 3

9. CLAMP SCREW
10. CABLE TIES
11. PIN
12. PIVOT CAPSCREW
13. SENSOR ARM
14. ACCELERATOR POSITION
SENSOR
15. PEDAL UP STOP
16. PEDAL DOWN STOP
17. START SWITCH

~
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'
W
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1340943
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0.5 mm
(0.02in)
MAXIMUM

COM NC 15
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4
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1340946/R7

16

/
. ACCELERATOR OR [/ \. 1
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1340946/R7

NOTE: Adjust the Forward/Reverse switches before installing the pedal pad. Adjust the pedal fully depressed
(down) position first. Then adjust the start switch and then the accelerator or Monotrol pedal position sensor.

See the text for the adjustment procedures.

FIGURE 22. MONOTROL OR ACCELERATOR PEDAL - ADJUSTMENT AND REPAIR
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1. FUSE 1 - TRACTION
POWER FUSE (800 AMP)

2. FUSE 4 - POWER
STEERING POWER FUSE
(40 AMP)(TWO EACH)

3. FUSE 3 - CONTROL
FUSE (15 AMP)

S

. 7
/=

\\, s ( 4. FUSE 5 - AUXILIARY FUSE (15 AMP)
i

ol

SEOmA

FUSE 7 FWD & REV CONTACTOR FUSE

(3 AMP)

FUSE 6 - LIFT PUMP POWER FUSE (325

AMP)(FOR LIFT PUMP MOTOR #2)

7. FUSE 2 - LIFT PUMP POWER FUSE (325
AMP)(FOR LIFT PUMP MOTOR #1)

8. CAPACITOR

o

o

FIGURE 29. FUSE LOCATIONS FOR THE EV-100ZX SCR
MOTOR CONTROLLER OF THE E70-120XL

CONTROL AND POWER FUSES - SEM
(See FIGURE 30. and FIGURE 31.)

The condition of fuses can normally be checked by
looking at them. Some fuses do not change in appear-
ance and must be checked with an ohmmeter. Discon-
nect the battery and push and hold the horn button until

38

the horn stops making a sound before checking fuses.
This action will discharge the capacitors in the motor
controllers. Sizes and locations of the fuses are shown in
FIGURE 30. or FIGURE 31.

Replace all bad fuses. Check to see what caused the fuse
to open before connecting the battery.



EV-100ZX[ SCR MOTOR CONTROLLER,
Description, Adjustments, Troubleshooting, Repairs, and Theory

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

Four SERVICE MANUAL sections are required for . .
the problems during troubleshooting.

the complete Description, Checks, Adjustments, Re-
pairs, and Troubleshooting of this motor controller: This section has the following components:

¢ EV-100ZX SCR MOTOR CONTROLLER, a. A “Description” for the EV-100ZX SCR Motor
Description, Adjustments, Troubleshooting, Controller.
Repairs, and Theory, 2200 SRM 55¢this sec- b. A series of “Status Code Charts” that describe an
tion) indication of a fault and its possible causes when

« TROUBLESHOOTING AND ADJUST- the code is shown on the instrument panel dis-
MENTS WITH A COMPUTER For play.
EV-100ZX And EV-T100 Motor Controliers, c. Checks and replacement of the components of the
2200 SRM 597 motor controller are described in “Repairs”.

* EV-1002X SCR MOTOR CONTROLLER, d. A basic “Theory Of Operation” on how an SCR

Parameter Tables, 2200 SRM XXX(different

. _ motor controller operates.
SRM number for different lift truck models)

. ELECTRICAL SYSTEM, Repairs, Checks An electronic diagnostic z_and adjustment device ca}n also
be used to check and adjust the control cards. This elec-

And Adjustments, 2200 SRM 560 R ’ ) . .
, , ) , _ tronic diagnostic and adjustment device is called a
This section describes the operation and the functions OtHand Set” and is described later in this section. A com-

the EV-100ZX motor controller. The EV-100 and the , ;i with the control software installed has access to
EV-200 series of motor controllers, used to control the 1 5 f,nction registers on the control cards. The Hand
operation of electric lift trucks, are made by the Generalge; has access to less function registers on the control
Electric Company. card and can only make changes to a limited number of

The EV-100 and the EV—200 series of motor controllersthe registers on the ZX control cards.

are similar in design and function, but have different A description and the replacement of the instrument
control cards. panel display is also included in the repair section.

The “ZX" letters identify the controllers that have the \ost of the components of the EV—100 motor controller
“ZX" series of diagnostic control cards. These control ;o ot pe repaired, but must be replaced. This section
cards can us_e an adapter for a serial cable that will CONgescribes the procedures for using the electronic diag-
nect to a serial port on a personal computer for checksygtic and adjustment devices for checking and adjust-
adjustments, and troubleshooting. ing the operation of the motor controller.

a. A Cable Kit, Control Card to Computer, is re- There are electrical components that are not part of the
quired (Hyster Part No. 1358471). motor controller, but give input signals to it. These com-
b. The HYTECHJ software for a personal comput- ponents include the following:
er is available on a 3.5 inch diskette (Hyster Part 5 Key switch
No. 897702).

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

b. START switch (earlier production units only).
c. Brake switch

d. Foot switch

These control cards have logic circuits and registers that - Seat switch

control and keep a record of the operations of the motor f. Direction (FORWARD and REVERSE) switches



EV-100ZX Motor Controller

REGISTER PARAMETERS cards. The Personal Computer or the Hanadvibist be
used to adjust the parameters for the control card. There
is a description of the code numbers for the different
The “ZX” series of control cards have an electronic de- control cards in thBarameter Tables TheséParame-

vice called arEEPROM (Electrically—Erasable-Pro- ter Tableshave the correct setting numbers for the pa-
grammable—Read-Only—Memory). The EEPROM hasrameters on each control card.

a number of memory elements callegisters These
registers can have electronic data stored in them to con€EONTROL CARD, CHECKS AND
trol an operation. The range of data that can be stored ifRDJUSTMENTS
the registers is called garameter. A parameter is a :

9 i _p A Personal Computer (PC) or a Hand Set is used to per-
measurement number that works with other measure- . . )

, Em|t Authorized Personnel to make the following
ment numbers (parameters) to define a system. The E hecks and adiustments:
PROM in the control card is a control system for the op- ju '
eration of the lift truck. e Check the system status codes for both traction
and hydraulic pump SCR systems

General

The EEPROM used in the “ZX" series of control cards

has 128 registers. » Check for status codes that are not regular nor
constant

A WARNING » Check the state of charge of the battery on motor

Each register in each control card has a range of controllers with type ZH and ZY control cards

numbers so that the control card can be used on dif-

ferent models of lift trucks. This variation is needed * Check the hourmeter readings on the traction cir-

for lift trucks of different sizes and operating volt- cuit and hydraulic pump SCR controllers

ages. Adjustment of the register to the wrongium- « Monitor or adjust the following control func-

ber for your lift truck model can cause the truck to tions:

operate differently than normal. This different oper-

g o ¢ Creep Speed
ation of the truck can cause an injury.

¢ Controlled Acceleration and 1A Time
Do NOT adjust any of the registers without using the ¢ Current Limit
parameters shown in EV-100ZX SCR MOTOR ¢ Steering pump time delay and define signal
CONTROLLER, Parameter Tables, 2200 SRM 595. input (seat switch or directional switch)

Plugging distance (Current)

Accelerator pedal position, plug range or
disable

NOTE: The Parameter Tablesshow the permitted
ranges and the default setting for each control function.
The Factory Set Parameters are the recommended set-

) , ) o ) ¢ 1A drop out current or disable
tings for new units. These settings will give satisfactory . .
" ¢ Field Weakening drop—out

performance for most applications. _ . .

¢ Field Weakening pick—up
Some functions can be adjusted within the permitted ¢ Regenerative Braking current limit
range to change the lift truck operation for a specific ¢ Regenerative Braking drop—out
application. Adjustment of a register to a number that is ¢ Speed limit points (SL1, SL2 and SL3)
different than the factory setting is allowed, but follow ¢ Internal resistance compensation for battery
the instructions carefully and stay within the minimum state of charge indication
and maximum limits. Adjustments other than the facto- + Battery voltage (36/48V is auto ranging)

ry settings will cause the lift truck to operate differently

_ « Selection of type of card operation:
and can cause increased wear of parts.

¢ Traction circuit with Field Weakening

¢ Traction circuit with Regenerative Braking
and Field Weakening
The Function Numbers are code numbers for the differ- ¢ High or low current limit for all of the above

ent parameters that can be set for the “ZX” series control functions

Function Numbers

11



EV-100ZX Motor Controller

speed control input is less than 0.5 volt (accelerator po+unction Number 56. Do not set the number in the regis-
tentiometer set at less than 50 ohms). Do not set theer greater than the number in the register for Function
number in the register to less than the parameter in thé&lumber 48.

register for Function Number 52. _
Function Number 53

Function Number 49 FIELD WEAKENING PICK UP

FIELD WEAKENING PICK UP (Push CONT and 6 while the key switch and seat
(Push CONT and 2 while the key switch and seat ~ Switch are closed)

switch are closed) This register permits the adjustment of the current value

cat which the FW contactor will energize (close). This
at which the FW contactor will energize (close). This Parameter permits the FW contactor to close when the

parameter permits the FW contactor to close when thdift 'uck has returned to approximately 150% of its run-

lift truck has returned to approximately 150% of its run- ning currentyvith afuII.Ioad on alevel surface. Do not set
ning current with a full load on a level surface. The mini- the number in the register to less than the parameter for

mum parameter is zero. Do not set the number in the regFUnction Number 49. Do not set the number in the regis-
ister greater than the number in the register for Functiorf” 9reater than the number in the register for Function
Number 53. Number 57.

Function Number 54

SPEED LIMIT 1

(Push CONT and 7 while the key switch and seat
switch are closed)

This register permits the adjustment of the current valu

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
This parameter permits adjustment of the speed I'm't(maximum battery volts to the motor). The range is 0%
(maximum battery volts to the motor). The range is 0%, 9504 There is no speed limit switch for this function.

t0 96%. There is no speed limit switch for this function. i fnction will be disabled if the parameter in the reg-
This function will be disabled if the parameter in the reg- gy i set to zero. Do not set the number in the register to

ister is setto zero. Do not set the number inthe registert(pess than the parameter for Function Number 58. Do not

less than the parameter for Function Number 54. DO NOke+ the number in the register greater than the number in
set the number in the register greater than 180. the register for Function Number 50.

Function Number 52 Function Number 56

CONTROLLED ACCELERATION AND 1A CONTROLLED ACCELERATION AND 1A

TIME TIME

(Push CONT and 5 while the key switch and seat  (Push CONT and 9 while the key switch and seat
switch are closed) switch are closed)

This register permits the adjustment of the maximum This register permits the adjustment of the maximum

rate of acceleration in MODE 2. The parameter deter-rate of acceleration in MODE 3. The parameter deter-
mines the time allowed to reach maximum SCR speedmines the time allowed to reach maximum SCR speed
after the accelerator is set for maximum speed fromafter the accelerator is set for maximum speed from
stop. The control will stay in SCR acceleration for 2.6 stop. The control will stay in SCR acceleration for 1.8

seconds (setting 30) before the 1A contactor will close.seconds (setting 20) before the 1A contactor will close.
The numbers in () are the parameters for the timesThe numbers in () are the parameters for the times
shown. The 1A contactor will automatically close 0.2 shown. The 1A contactor will automatically close 0.2

second after the controlled acceleration stops. Thesecond after the controlled acceleration stops. The
speed control input is less than 0.5 volt (accelerator pospeed control input is less than 0.5 volt (accelerator po-
tentiometer set at less than 50 ohms). Do not set théentiometer set at less than 50 ohms). Do not set the
number in the register to less than the parameter fonumber in the register to less than the parameter for

21



EV-100ZX Motor Controller

TABLE 6. REGISTER MAP FOR CONTROL CARDS ZH AND ZY (TRACTION) (Continued)

Hand
EeEeZEtc;':A Fur?cCtion Fsue;c(:?osn) Function Acge;s Restrictions
Number | Number ' =0 Y-
76 77 Fault 12 PC Only |Resetto Zero only
77 78 BDI 12 PC Only |Resetto Zero only
78 79 Hours (Tens/Units) 12 PC Only |Resetto Zero only
79 80 Hours (Thousands/Hundreds) 12 PC Only |Resetto Zero only
80 81 Fault 13 PC Only |Resetto Zero only
81 82 BDI 13 PC Only |Resetto Zero only
82 83 Hours (Tens/Units) 13 PC Only |Resetto Zero only
83 84 Hours (Thousands/Hundreds) 13 PC Only |Resetto Zero only
84 85 Fault 14 PC Only |Resetto Zero only
85 86 BDI 14 PC Only |Resetto Zero only
86 87 Hours (Tens/Units) 14 PC Only |Resetto Zero only
87 88 Hours (Thousands/Hundreds) 14 PC Only |Resetto Zero only
88 89 Fault 15 PC Only |Resetto Zero only
89 90 BDI 15 PC Only |Resetto Zero only
90 91 Hours (Tens/Units) 15 PC Only |Resetto Zero only
91 92 Hours (Thousands/Hundreds) 15 PC Only |Resetto Zero only
92 93 Fault 16 PC Only |Resetto Zero only
93 94 BDI 16 PC Only |Resetto Zero only
94 95 Hours (Tens/Units) 16 PC Only |Resetto Zero only
95 96 Hours (Thousands/Hundreds) 16 PC Only |Resetto 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 PC Only |Read Only

(Thousands/Hundreds)
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Status Code Charts

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
| START
3 3 SWITCH
TB4 TB3
TB2
o REVERSE
TB1 185 | FORWARD| SWITCH
° 186%

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.

MINIMUM
BATTERY
NOMINAL |VOLTAGE AT
BATTERY | 1.95VOLTS
VOLTS PER CELL
36 351
48 46.8
72 70.2
80 81.9




Status Code Charts

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 DA4.
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

SCR1

® PZ4
®p7Z3

CURRENT
SENSOR

NEGATIVE

and closing.

Check for Forward or Reverse contactors momentarily opening

and closing during operation when traveling over bumps and
dock plates.

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.

16




Status Code Charts

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.

—e Pz4

NEGATIVE

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.

—e PZ3

NEGATIVE

26




Repairs

assembly are caused by loose connections. The normdhe resistance indicates less than 50 000 ohms in either
repair of the reactor assembly is to replace it. This reac-direction.

tor assembly has two inductor windings (L1 and 1X)
joined by a common connection. A good inductor wind-
ing will indicate approximately zero onms onthe R x 1
scale.

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

Check Suppressors For SCR 2 And SCR 5 on the R x 1 scale in either direction.

NOTE: Six volts is needed as a gate signal to check the

Th r rs are one or more resistors an [ .
: € suppresso s.a €oneormo e.eS|sto sand Capac.ltoéSCRs. Use an ohmmeter and a six volt supply for a gate
in a small plastic block. (See items 11 and 12 in .

signal to check the SCRs.

FIGURE 1.) The suppressors prevent damage to the
SCRs from electrical noise. Sometimes a suppressoB. Momentarily connect six volts from the battery be-
will not indicate a defect except when in an operating tween the gate (+) and the cathode (-). The resistance in-
circuit and will cause a fault that does not occur regu-dication on the ohmmeter will decrease to less than 10
larly during lift truck operation. A bad suppressor can ohms on the R x 1 Scale. Replace the SCR if the resis-
cause a fault similar to a bad SCR 2 or a bad SCR 5. tance does not decrease when a six volt gate signal is ap-

_ lied momentarily. Make sure you touch the gate wire
The best method to check for a bad suppressor is to rer-) Y y g

I it and th heck th i fthe lift truck. Th momentarily with the six volt connection or you will
placeitandthen check the operation ofthe it truck. edamage the SCR. Make sure the polarity of your test cir-
same suppressor is used for all functions.

cuit is correct.

Check SCR 2 And SCR 5 Replace SCR 2 And SCR 5

NOTE: The plastic cases for SCR 2 and SCR 5 are thepjsconnect the electrical connections to the SCR. Re-
same, but the part numbers are different because thg,gve the two screws that hold the SCR.

electrical components inside of the case are different.

An SCR 2 has a higher electrical rating than an SCR 5Use a thin layer of silicon compound (Part No. 1198757
An SCR 2 can be used as an SCR 5, but do not use a@f approved equivalent) between the surfaces of the heat
SCR 5 as an SCR 2. Check the part number to make su@nk and the replacement SCR. Install the SCR. Connect

that you are using the correct SCR. the electrical connections.
Check Capacitor C1
2
/ /1 Discharge C1 and disconnect the terminals before
== checking C1 for a short—circuit. Measure the resistance
| ‘@ 1. ANODE between the terminals. The ohmmeter will indicate a
O O ;29, SQIII—EIODE 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.

\

3 DIODES D3 AND D4

FIGURE 3. SCR 2 AND SCR 5 The heat sink assembly for the diodes D3 and D4 is also
) . . the connection for the (—) power cable. The heat sink as-
1. Disconnect elther_ the (+) or () power conne(?tlon. sembly is connected to the base plate. A thin insulator
(The power connections have a (+) and (=) mark in the, o - "<icone surface separates the heat sink assembly
plastic case.) Touch the probes of an ohmmeter to the (+?rom the base plate.
and () power connections of the SCR. Measure the re-
sistance. Change the probe connections to the reversOTE: The optional SCR controller used for the hy-

direction and measure the resistance. Replace the SCR dfraulic pump only has a diode D3.
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SCR5

TO MOTOR
CIRCUIT

c. Asignal is sentto 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.

_5:_01
+

!_SCR 1 +‘

SCR 2
* ! ]

SCR 5

Hk

L1

TO MOTOR D L2
CIRCUIT

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.

Theory Of Operation

TO MOTOR
CIRCUIT

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.

TO MOTOR
CIRCUIT

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.

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



STANDARD DISPLAY 5

Theory Of Operation

EARLY DISPLAY PANEL

18 PIN CONNECTOR ! / / /
PIN FUNCTION N/
= 3

LM Comcie ROOO00000 )
12 | Battery Negative (-) @ @ ‘6‘
13 | Parking Brake Switch ~——!
14 | Brake Fluid Switch [ i |
15 | Hyd. Contactor Caoll
16 | Seat Switch
17 | Key Switch (IGN)
18 | Battery Positive (+) KEY
(from Fuse 6) SWITCH
) LEADS
RED/BRN
3 ' BRN IGN”
GIBIE] % “BAT” TERMINAL
[j %%%! E] TERMINAL /
[F[B]EJ' 1. HOURMETER 1364435
18 l@@ o)l e 2. BATTERY METER
@ 3. PARKING BRAKE INDICATOR
4. BRAKE FLUID TOO LOW INDICATOR
5. SEAT BELT INDICATOR
1 2 3 4
Il \ /[ ]

1 7 T )

LATER DISPLAY PANEL ([ (e

INDICATOR
2. PARKING BRAKE
SYMBOL AND LED

3. FASTEN SEAT BELT RS
SYMBOL AND LED K9 o
4. DIGITAL DISPLAY

1. BATTERY DISCHARGE Y%

/

3 o (

y
é) / |BB8H

HYSTER

A

J

504305778 R2

FIGURE 17. BASIC DISPLAY PANEL AND PLUG CONNECTOR

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

LATER DISPLAY PANEL

When the key switch is turned @N, 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
atthe 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-

15



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. Description Factory Factory Min/Max Value (Min/Max)
No. Parameter Value Parameter
1 Stored Statue Code ol — 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 20 1.8 sec 8/255 0.77 to 21.5 seconds
Time
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 N/A N/A N/A N/A
(Current)
8 Field Weakening Drop—Out N/A N/A N/A N/A
(Current)
9 Regenerative Braking Current N/A N/A N/A N/A
Limit
10 Regenerative Braking Start N/A N/A N/A N/A
(% ON time)
11 Speed Limit 1 (maximum motor 0 96% of 0/180 96% to 0% of battery
speed, Voltage with NC switch batt. volts voltage
open)
12 Speed Limit 2 (maximum motor 0 96% of 0/180 96% to 0% of battery
speed, Voltage with NC switch batt. volts voltage
open)
13 Speed Limit 3 (maximum motor 120 64% of 0/180 96% to 0% of battery
speed, Voltage with NC switch batt. volts voltage
open)
14 Internal Resistance 203 — 5/25 —
Compensation
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 Select control card with
2 correct functions:
Plugging only
18 Steering Pump Time Delay 0 1.5 sec 0/128 1.5 sec to 65 sec
(Seat Switch) 254 14 sec? 21/1284 12 sec to 65 sec (Note 4)
4 Setting of 21 (12 seconds) minimum without seat brake.
19 Maintenance Alert (hours) 99 0to 99




Type ZY [9—-inch Motor (Continued)] Default Permitted Range
Fcn. Description Factory Factory Min/Max Value (Min/Max)
No. Parameter Value Parameter
21 Maintenance Speed Limit 0 None 0 180
22 Mode Reference (Reference — None None —
register for the instrument panel
display when the battery is
connected.)
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 — — None (Temporary storage register

(Must be reset to zero to clear that points to location of last

Status Codes) recorded fault.)
29 Set Hourmeter (tens/units) 0 0 0-99
30 Set Hourmeter 0 0 100 to 9900
(thousands/hundreds)

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.

Fen. Minimum Maximum Parameter
No. 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 3.5sec 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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TABLE 3. PLUG-Z CONNECTION

Plug-Z 24 vdc Power Source
Pin 2 Negative terminal
Pin 7 Positive terminal
SR or SP Motor Ctrl. 24 vdc Power Source
Pin 1 (23-Pin) Positive terminal
NEG Power Terminal Negative terminal

HYTECH™ SOFTWARE PROGRAM

How To Start The Program

If the HYTECH software has been installed on a hard
disk in the PC (normally drive C), enter the program
from that directory. Check to see if a directory HYS-
TERSC has been created on the hard drive. If not it will
have to be created and the program copied into it from
the computers disk drive. Then you can start the pro-
gram from the hard drive. At the prompt enter:

C:\>CD HYSTERSC [RETURN]
At the prompt C:\>HYSTERSC enter:
HYSTER [RETURN]

The screen displays a list of languages as follows:
English
Francais
Deutsch
Italiano

Espanol

Select the language by entering that number.

After selecting the language, the screen momentarily
displays the copyright data for the program. The screen
then displays the HYSTER desktop shown in
FIGURE 2.

Card Help

Logon  Logoff HMenu

5l === =]




NOTE: The user must have enough experience to con-
nect a modem to a PC and be able to enter the correct
commands in the registers of the modem.

TABLE 4. CABLE CONNECTIONS - MODEM
TO CONTROLLER

Model EV-100 and EV-T100 CONTROLLER

Modem Connector Controller Connector

(9-Pin) (14-Pin)
Pin 2 (Receive) Pin 13
Pin 3 (Transmit) Pin 14

Pin 5 (Signal Ground) Pin 4

Pin 4 to pin 6 (Jumper)

Pin 7 to pin 8 (Jumper)

Model SR CONTROLLER

Modem Connector Controller Connector

(9-Pin) (12-Pin)
Pin 2 (Receive) Pin 11
Pin 3 (Transmit) Pin 12

Pin 7 (Signal Ground) Pin 4

Pin 4 to pin 6 (Jumper)

Pin 7 to pin 8 (Jumper)

Requirements

The requirements for the connection to the control card
are:

* A telephone connection between the modem
and a dial-in telephone line. This connection is
normally through a telephone extension wire
with RJ-11 connections on both ends of the
wire. This connection is often not reliable if the
telephone line goes through a telephone switch-
board.

* A 9600 bps modem that uses a Hayes® com-
mand set that is compatible with the remote
modem. Not all modems are compatible with
each other because some modems use error
correction functions that are special to that
model of modem. A recommendation is to dis-
able error correction functions if communica-
tions problems occur.

¢ The MODEM Transmit and Receive lines are

reversed when compared to the PC-to-card
(motor controller) cable.

See FIGURE 17. This message appears on the screen
when the command MODEM is entered.

NOTE: This modem program was developed for an In-
tel 14.4EX modem. (Other modem initiation scripts
have been developed and are installed on the HY TECH
disk. Contact a field service engineer for Hyster Compa-
ny if a different modem initiation program is needed.)
All modems are not compatible with each other. Some
testing can be necessary to find the correct modem pa-
rameters that enable two modems to communicate with
each other.

NOTE: A standard analog telephone connection is re-
quired. The modem program will not operate correctly
if it is connected to a digital telephone system and the
modem can be damaged. Also, the telephone connection
canbe unreliable if the connectionis through some older
types of PBX systems.

The function keys do the following operations:

F1 - This command is used to dial a remote modem that
is connected to a motor controller.

F2 - This command causes the modems to disconnect
(Hang-up) from each other.

F3 - This command is used to set amodem (to be used as
the remote modem) to receive when it is connected to a
motor controller. The modem must be first connected to
a PC and this function is used to prepare the modem for
use. After the modem is prepared for use, it is discon-
nected from the PC and connected to the controller.

NOTE: It is not necessary that the HY TECH software
program must be used to prepare the remote modem.
Many other communications programs will permit the
user to program a modem (set the communications reg-
isters) before use. Most modems are sold with a commu-
nications program that permits the user to program the
modem and the initialization string. See the user’s
manual for a specific modem. The initialization string
for the Intel 14.4EX modem used in the EV-100ZX
Software Program is AT & F VO&D0&CO0&SO\NO\QO
B8 S0 =1&W for remote and AT & F BE8VI&DO\QO for
local connection.

F4 - This command is used to set the local modem to call
the remote modem. This modem must be connected to
the PC that is running the communications program.

F5 - This command is a toggle that enables and disables
the speaker on the local modem.

13



COUNTERWEIGHT
A WARNI.NG : (See FIGURE 7. and TABLE 1.)
Correct operation of the battery restraint system

requires that the battery does not move more than 13  If the lift truck must be put on blocks for maintenance

mm (0.5 in) horizontally. Make sure that the battery ~ and repair, see the secti®tERIODIC MAINTE-

spacer plate is correctly adjusted. NANCE, 8000 SRM 552or thePERIODIC MAIN-
TENANCE (N30XMH), 8000 SRM 5550f the SER-

To operate correctly, the battery restraint must be locked/ICE MANUAL under ‘How to put a Lift Truck on

in the down position. The battery must have the spaceBlocks”".

plate correctly adjusted to prevent movement in any one

horizontal direction of 13 mm (0.5 in) maximum. See A WARNING

FIGURE 1. Raise the seat. Use the knob for the latch torhe counterweight is very heavy. Make sure that the

release the battery restraint. See FIGURE 4. Use the&rane and lifting devices have enough lifting capac-

handle on the hood to raise the battery restraint andty to safely lift the counterweight. The weights of the

hood. Make sure that the battery cannot move more thawounterweights are shown in TABLE 2.

atotal of 13 mm (0.5 in) in any one horizontal direction. : .

. : The counterweight normally is not removed for most re-
Make sure the spacer plate is correctly adjusted to pre- airs. Replacement of some large parts of the SCR elec-
vent the movement. Push the hood and the battery reP - Rep gep

. ) tronic controller is easier when the counterweight is re-
straint down until the latch locks. Make sure the battery L 9 .
o . moved. The counterweight is fastened to the frame with
restraint is locked securely. Lift on the handle to make

sure it is latched and will not move. four capscrews. The weights for the counterweights are

in TABLE 2.
A 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 restrain{s
and the seat belt. The system helps the operator stay
within the lift truck in case of a tipover. See FIGURE 6.

12835

1. LIFT CHAIN

2. LIFTING TOOL
3. CLEVIS

Eﬁf«\é 4. COUNTERWEIGHT

FIGURE 8. LIFT THE COUNTERWEIGHT

. COUNTERWEIGHT & SEAL
. UPPER CAPSCREW AND WASHERS
. COVER AND SEAL

. COVER CAPSCREW AND WASHERS
. LOWER CAPSCREW AND WASHER 1. Remove the battery. See the secRERIODIC

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

abrwWNE

MAINTENANCE, 8000 SRM 552 or thePERIODIC

FIGURE 7. COUNTERWEIGHT ASSEMBLY
MAINTENANCE (N30XMH), 8000 SRM 555 of the
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1
7. BREATHER, FILL AND DIPSTICK

1. TILT CYLINDER (2) 8. STEERING CYLINDER

2. PRIMARY RELIEF VALVE 9. SECONDARY RELIEF VALVE

3. STEERING MOTOR AND PUMP 10. MAIN CONTROL VALVE (4-SPOOL VALVE SHOWN)

4, HYDRAULIC MOTOR AND PUMP 11. STEERING CONTROL UNIT

5. HYDRAULIC TANK 12. TO AUXILIARY HYDRAULIC FUNCTIONS

6. FILTER 13. TO LIFT CYLINDERS

FIGURE 2. J2.00-3.20XM (J40-65XM) HYDRAULIC SYSTEM
DESCRIPTION the main control valve. The main control valve controls
: the flow of oil to the lift cylinders, tilt cylinders, traverse

Hydraulic System ind iiary § ) h
(See FIGURE 1., FIGURE 2. or FIGURE 3.) 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

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 =7~ _ _
(J40—-65XM) are shown in FIGURE 2. The parts of the relief valve opens is on the main control valve.
hydraulic system for the N30XMH are shown in

FIGURE 3. The diagrams show components and inter-gqme axiliary functions require less pressure than the
connections that are typical of all models. It does not
show all hydraulic systems. Not all units have a four
spool valve.

lift function. A secondary relief valve on the main con-
trol valve provides lower pressure for auxiliary func-

tions.
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 sepaFhe steering pump causes oil to flow from the tank to the
rate pumps. Both pumps are gear pumps. steering control unit. The steering control unit is a me-
tering pump actuated by the steering wheel. When the

OPERATION . . . .
steering wheel is turned, oil flows to actuate the steering

Hydraulic System cylinder. Oil returns from the steering control unit to the

(See FIGURE 4. or FIGURE 5.) main control valve. A relief valve in the pump keeps

The hydraulic pump causes oil to flow from the tank to pressure within the design limits of the steering system.

2



b. Fill the tank with the cleaning solution. Use com- plug. Align the tank so that the fill tube and fill cap will
pressed air to mix the solution in the tank. be in the center of the access hole. Install the fill tube and
c. Drain the tank. Flush the inside of the tank with fill cap. Tighten the screws that fasten the mount bracket

hot (boiling) water. Make sure all the cleaning 2Ssembly.

compound is removed. A CAUTION

d. Make aninspection of the inside of the tank. If the Do NOT fill the tank above the FULL mark on the
tank is not clean, repeat Steps a througflake  yintick. If the tank is too full, oil will come out the
another inspection of the tank. When making in- breather during operation.

spections, use a light that is approved for loca-
tions with flammable vapors. 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 N3OXMH trucks

If nitrogen gas or carbon dioxide gas is available, pre- _ .
pare the tank for welding using these gases. See th&oosenthe clamp at the inlet hose of the hydraulic pump

manualSafe Practices For Welding and Cutting Con- to let the air out until the hose fills with oil. Tighten the
tainers That Have Held Combustiblagthe American hose clamp as soon as oil leaks out of the hose. Do the
Welding Society, A6.0—65. If these gases are not avail-Same procedure for the steering pump.

able, another method using water can be used as fols |nstall the traction motor as described in one of the
lows: following SERVICE MANUAL sections:

a. Fill the tank with water to just below the point DRIVE AXLE, SPEED REDUCER AND DIFFER-
where the work will be done. Make sure the spaceENTIAL, 1400 SRM 618 for the E1.50-2.00XM
above the level of the water has a vent. (E25-40XM) trucks

b. Use acceptable welding practices to repair thePRIVE AXLE, SPEED REDUCER AND DIFFER-
tank. See the American National Standard “Safe- ENTIAL, 1400 SRM 285 for the E2.00-3.20XM

ty in Welding and Cutting,” ANSI Z 49.1 — 1973. (E45-65XM) and N30XMH trucks

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

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

Additional Preparations For Tank Repair

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 E]SZeOeO;ISGzL?éIgA 1(34;0—65XM) Tank Installation
is centered in the opening in the step of the frame. Make '
sure to install all plugs, hoses and clamps to preventl. Turn the key to th@FF position and remove the key.

leaks when oil is added to the tank.
A WARNING

1. Install the repaired or replacement hydraulic tank in Never put tools or other metal on the battery. Metal

for connection of the hoses. Make sure the pads argamage or injury.

installed between the tank and truck frame. _
2. Open the hood and install a cardboard or plywood

2. Install the bracket assembly to hold the tank in posi-cover on the top of the battery to prevent accidental short
tion. Do not tighten the screws. circuits.

3. Remove the plugs and install all hoses at the sam@. Carefully position the hydraulic tank over the correct
locations as during removal. Do NOT remove the drain position in the frame and install the hoses on the bottom
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Control Unit Removal (See FIGURE 19.) hold the assembly on the mount. Install the spring,

_ ~washer and rod for the latch. Install the knob on the
1. Disconnect the battery connector. Move the steering,icn. Install the allen screw and nut.

column to the forward position. Remove the panel under
the steering column for access to the hoses of the steerﬂ WARNING

ing control unit. The hydraulic hoses MUST be connected to the cor-

2. Remove the front and rear covers for the steering col/Ct POIts Or the steering system will not operate as
expected. This operation that is not expected can

umn. The instrument cluster is fastened to the front cov- -
er. Install tags and disconnect the wires for the horn con£auseé damage or personal injury. Make sure the
nector and if installed, on—demand power steering and'0Ses are identified and connected correctly.
the forward/reverse switches. If _mstalled, remove the3_ Connect the hydraulic hoses at the steering control
parts for on—demand power steering and the forward/re- . .
. unit as marked during removal OR see $#RVICE

verse switches and lever. See$tEERVICE MANUAL .

) MANUAL section STEERING HOUSING AND
SectionsSTEERING SYSTEM, 1600 SRM 483and 5\t UNIT, 1600 SRM 512for correct connec-
STEERING HOUSING AND CONTROL UNIT, ’

1600 SRM 512 tions.

. L . 4. If removed, install the parts for on—demand power
3. Puttags for identification on the hydraulic hoses at the . .

teeri trol unit so that th b red steering and the forward/reverse switches and lever. See
Steering control Unit so that they can be CoNNECIEd Cory, , o pv/|CE MANUAL  sectionsSTEERING SYS-
rectly during assembly. Disconnect the hydraulic hose

t the bott fthe steeri trol unit. Install ol tSTEM, 1600 SRM 485and STEERING HOUSING
atthe bottom of the steering control unit. Install plugs at v~ NTROL UNIT, 1600 SRM 512

all hose fittings and control unit ports to prevent dirt
from entering the steering hydraulic system. 5. Connect the wires for the horn connector and if

. installed, the on—demand power steering and forward/
4. Hold the steering column and remove the capscrews P g

that hold the steering column and pivot shaft to theggsrrisne S;I:I)IE:]?]S' Install the front and rear covers for the
bracket. See FIGURE 19. Remove the two plates, pivot g '
shaft and spring. Remove the steering column assembly.

pring 9 Y4\ WARNING

Do not lose the rod, washer and spring for the latch. ) )
After making repairs, do not extend hands or arms

5. Make a note of the alignment of the steering controlthrough the center of the steering wheel. Wrong as-
unit in the bracket for correct installation. Remove the sembly or connections can make the steering wheel
four capscrews that fasten the steering shaft assembl{otate with a strong force when the steering pump
and steering control unit in the steering column bracket.operates. This strong force can cause serious injury.
Do not let the steering control unit or steering wheel andl!f this action occurs, disassemble the control unit and
shaft assembly fall. Do not let the washers fall. It is not correct the problem.

necessary to remove the steering wheel or on—demand )
steering parts from the shatt. 6. Operate the steering system and check for leaks and

correct operation.

Control Unit Installation (See FIGURE 19.)
STEERING CYLINDER

1. Install the steering control unit in the bracket. Make
sure it is in correct alignment, as noted during removal, NOTE: The correct procedure for the removal and re-

so that the hoses can be correctly connected. Install thgair of the steering cylinder is in the following sections

washers, spacers, steering shaft assembly and cap8f theSERVICE MANUAL:
crews to hold all parts in the bracket. STEERING AXLE, 1600 SRM 619 for the

E1.50-2.00XM (E25-40XM) trucks
2. Hold the bracket assembly in alignment and installtheSTEERING AXLE, 1600 SRM 258 for the other
pivot shaft, spring, plates, washers and capscrews tdrucks

22



SPECIFIC GRAVITY

The strength of the electrolyte is measured in points of
specific gravity. For example, a solution of sulfuric acid
has a specific gravity of 1.835. Water has a specific
gravity of 1.000. Electrolyte is 27% acid and 73% water
and has a specific gravity of 1.275.

A cauTioN

Never pour water into concentrated acid. The quick
generation of heat can cause the acid to boil and
splash out of the container. Always pour concen-
trated acid into water when making a dilute solution
of acid.

THE CHEMICAL REACTION IN A CELL

In a fully charged cell, the electrolyte has a specific
gravity of 1.270 to 1.130. Never discharge a battery be-
low a specific gravity of 1.130. The battery can have
permanent damage if discharged below 1.130.

<« 2.06 VOLTS —*

ELECTROLYTE

POSITIVE
PLATE

NEGATIVE
PLATE

SPONGE
LEAD

FIGURE 3. FULLY CHARGED CELL

The cell generates a voltage (potential difference) when
two different types of metal are in the electrolyte. The
two metals in a lead-acid cell are lead peroxide (PbO3)
for positive plates, and sponge lead (Pb) for negative
plates. See FIGURE 3. A potential difference of ap-
proximately two volts per cell is generated. The poten-
tial difference does not vary according to the size of the
cell.

2

During the discharge of the cell, lead peroxide and
sponge lead mix with sulfuric acid to make lead sulfate
(PbSOy4) on both plates. See FIGURE 4. This action de-
creases the voltage in the cell. When the sulfuric acid is
removed from the electrolyte, the specific gravity of the
electrolyte decreases. See FIGURE 5. The potential dif-
ference of a discharged cell is approximately 1.75 volts.

—AMA—

- LESS THAN +
2.06 VOLTS

DECREASED
SULPHURIC
ACID

INCREASED

WATER

=
o

DECREASED

DECREASED
SPONGE LEAD
LEAD PEROXIDE

INCREASING LEAD SULPHATE

FIGURE 4. CELL IS DISCHARGING

«—— 1.75 VOLTS —*

MINIMUM OF
SULPHURIC
ACID

MAXIMUM
WATER

MINIMUM
SPONGE
LEAD

MINIMUM
LEAD
PEROXIDE

MAXIMUM LEAD SULPHATE

FIGURE 5. DISCHARGED CELL



check toensure the charger is operating correctly. Check
for the following conditions:

1. Battery temperature is too high. The temperature in a
battery will not normally rise more than 14°C (25°F)
during an eight hour charging period. Higher tempera-
tures indicate that the charging rate needs adjustment.

2. Continuous operation of the charger. Check the auto-
matic controls on the charger. Check the charging rate.
A low charging rate can be the problem.

3. Continuous operation of a charger at a high rate. Nor-
mally, the charging rate begins at a high rate and de-
creases as the battery becomes charged. If the rate does
not decrease, the controls need repair or adjustment.

A\ WARNING

Always connect the positive cable to the positive ter-
minal and connect the negative cable to the negative
terminal. Any other connection will cause injury and
damage.

Always charge the battery at the end of the work pe-
riod (shift). Never let the specific gravity decrease to
a level less than the limits shown in the manual.

Always deenergize the charger before you connect or
disconnect the charger from the battery.

Never connect the battery charger plug to the plug of
the lift truck. You can damage the traction control
circuit. Make sure the charger voltage is the correct
voltage for the battery.

How To Know When The Battery Is Fully
Charged

1. During charging, the voltage increases slowly. When
the battery is fully charged, the voltage level is constant.

2. Remove a vent cap and look in the opening. If you see
bubbles in the electrolyte, the battery is either fully
charged or in the final stage of charging.

3. The specific gravity reading is constant and within the
limits of a charged battery. If the temperature increases
after the battery is charged, the specific gravity will de-
crease a small amount.

4. Constant meter indications on the charger will indi-
cate the end of the charging cycle.

12

WHERE TO CHARGE THE BATTERIES

To increase the service life and reduce maintenance, a
special area is needed for charging the batteries. The fol-
lowing information is necessary for the design of this
area:

¢ Location of power supply.

* Ventilation. Hydrogen gas is generated from the
batteries during charging.

* Drains for cleaning the batteries.
* Type and size of the batteries.
* Type of lift trucks.

e Distances that the lift trucks must travel for ser-
vice.

¢ Safety regulations and instructions.

Equipment Needed

* Alifting device to remove the battery from the
lift truck.

* Racks to hold the batteries during charging and
storage. These racks must be made of wood or
other materials that are not made of metal. Metal
racks that are covered with an insulating materi-
al can be used.

* Abattery charger that will charge your batteries.
¢ Tools for maintenance.

* An area with a drain for cleaning batteries and
battery compartments.

¢ Distilled water.
*  Air and water supplies for cleaning.

¢ Maintenance records. See FIGURE 11. and
FIGURE 12.

* A work bench.
* Spare parts and repair equipment.

* Protective clothing and safety equipment for
handling batteries.

*  Water source for washing eyes and preventing
acid burns.

¢ InstallaNO SMOKING sign in the service area.

¢ Keep the charger in a clean, dry area with good
ventilation.



INTRODUCTION

GENERAL The design and repairs for these displacement cylinders

are similar to the other lift cylinders in this section. A
isplacement cylinder does not have a piston or piston

seal. The rod diameter is almost the same as the inside

CYLINDERS, 4000 SRM 135for lift cylinders used diameter of the cylinder shell. There are wear rings on

on other units. See the sectREACH CARRIAGES, the rod that are the bearir\gs between the rod and the
walls of the cylinder. The wiper seal at the top of the cyl-

This section has the description for the lift cylinders
used in Vista masts on the N30FR and N40-45FR, an
the instructions for their repair. See the seclithil

4000 SRM 48For repair of the hydraulic cylinders use

on the N30FR and N40-45FR reach carriages. inder is also the high pressure seal for these cylinders.
See FIGURE 3.
DESCRIPTION (See FIGURE 4.) Spacers are used in some cylinders to limit the stroke of

The VISTA two—stage mast has two main lift cylinders. the piston rod. Worn spacers must be replaced with the

The VISTA three—stage mast also has two main lift cyl- S&me size spacer.

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 ig
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 cylindersoperate by hydraulic oil entering un-
der the piston of the cylinder rod. Seals are used in th¢
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 oll
that is above the piston will be forced, under pressurg
through a check valve back under the piston.

Displacement cylindersoperate 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

€
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1. MAIN CYLINDER
2. FREE-LIFT CYLINDER
3. LOWERING CONTROL VALVE

of the inside of the shell. See FIGURE 1.

FIGURE 1. VISTA LIFT CYLINDERS




1. LOWERING CONTROL VALVES (INTERNAL) 11. RELIEF VALVE (LIFT CIRCUIT)
2. LIFT CYLINDERS 12. RELIEF VALVE ( TRAVERSE,
3. LOWERING CONTROL VALVE (EXTERNAL) ROTARY, AND AUXILIARY CIRCUITS)
4. MAIN CONTROL VALVE 13. HYDRAULIC TANK
5. LIFT/LOWER SPOOL 14. BYPASS VALVE
6. AUXILIARY SPOOL, 15. ROTARY ACTUATOR VALVE
7. TRAVERSE SPOOL 16. SHUTTLE
8. ROTARY SPOOL 17. ROTARY ACTUATOR
9. HYDRAULIC PUMP 18. TRAVERSE CYLINDER
10. FILTER 19. FROM STEERING CIRCUIT
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FIGURE 2. HYDRAULIC SCHEMATIC

Each spool has a spring that returns the spool to the neuninimum restriction. The oil returns through the drain
tral position when the control lever is released. Eachpassage and returns to the steering control unit and hy-
valve section has a check valve in the valve body. Thedraulic tank. Except during lifting, each spool can be op-
check valve and spring is held in the valve body by theerated without preventing the flow of oil to another
next section. spool.

OPERATION The N30XMH valve has four parallel passages through
the valve. See FIGURE 2.. When the spools are in the
The main control valve is an open center, parallel circuitneutral position, the oil flows through the open center
valve. When open center valve spools are in the neutrapassage. At the end of the valve, the oil returns through
position, the hydraulic oil flows through the valve with the drain passage and returns to the hydraulic tank.



1. LOWER LINK

2 SECOND, THIRD AND 1
FOURTH FUNCTION x/
SWITCHES

3. LIFT SWITCH
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FIGURE 11. SWITCH ADJUSTMENTS,

12856

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.

A 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 g
the inlet section of the control valve.

2. Loosen the jam nut.

t

abhwnN

. ADJUSTMENT

SCREW

. JAM NUT

. PRIMARY RELIEF VALVE

. TEST PORT

. SECONDARY RELIEF VALVE

3. Operate the hydraulic system to warm the oil tem-
perature to 55 to 6% (130 to 156F).

12

FIGURE 12. RELIEF VALVE LOCATIONS




SNEO 3|
WORN PIN |
CRACKS
EDGE WEAR (MAXIMUM 5% OF NEW)
HOLE WEAR
LOOSE LEAVES
DAMAGED PIN
CORROSION

FIGURE 6. CHECK THE LIFT CHAINS
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1. Inspect the welds on the mast, attachment and fork
carriage for cracks. Make sure that the nuts and bolts are
tight.

2. Inspect the channel for excessive wear in the areas of
roller contact. Check the rollers for wear or damage.

3. Inspect the forks for cracks and wear. Check that the
fork tips when pointed straight ahead are aligned as
shown in FIGURE 7. Check that the bottom of the fork
is not worn (item 4).

4. Replace any damaged or broken parts that are used to
keep the forks locked in position.

5. If the lift truck is equipped with a side shift carriage,
inspect the parts for cracks and wear. Make sure the parts
that fasten the attachment to the carriage are in good
condition.

6. Inspect the lift and traverse chains for the correct lu-
brication. Use engine oil or Hyster Chain and Cable Lu-
bricant available from your dealer for Hyster lift trucks.

7. Inspect the lift and traverse chains for cracks or bro-
ken links and pins. See FIGURE 6.

8. Inspect the chain anchors and pins for cracks and
damage.

9. Make sure the lift and traverse chains are adjusted so
that they have equal tension. If the chains need repair or
adjustment, it must be done by authorized personnel.

1. TIP ALIGNMENT (MUST BE
WITHIN 3% OF FORK LENGTH)

2. CRACKS

3. LATCH DAMAGE

4. HEEL OF FORK (MUST BE 90%
OF DIMENSION “X”)

5. CARRIAGE

6. MAXIMUM ANGLE 93°

7. FORK PIN DAMAGE

FORK TIP ALIGNMENT

LENGTH OF FORKS 3% DIMENSION

22 mm (.90 in)
32 mm (1.25in)

27 mm (1.10 in)
37 mm (1.45 in)

760 mm (30 in)
915 mm (36 in)
1065 mm (42 in)
1220 mm (48 in)

FIGURE 7. CHECK THE FORKS



TRANSISTOR CONTROL FOR BOTH TRACTION
MOTOR AND HYDRAULIC PUMP MOTOR
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TRANSISTOR CONTROL FOR TRACTION MOTOR AND

CONTACTOR CONTROL FOR HYDRAULIC PUMP MOTOR
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. TRANSISTOR MOTOR CONTROLLER

. FIELD WEAKENING CONTACTOR

. FORWARD DIRECTION CONTACTOR (F)

. REVERSE DIRECTION CONTACTOR (R)

. REGENERATIVE BRAKING CONTACTOR (RB)
. DIODE D7 ASSEMBLY,

REGENERATIVE BRAKING

. FUSE 4, POWER STEERING CIRCUIT
. CONTACTOR L

. FUSE 1, TRACTION CIRCUIT

. CONTACTOR 1A

11
12.

13.
14.

15.
16.

17.

IEENED) } .

. FUSE 2, HYDRAULIC PUMP CIRCUIT

STEERING PUMP CONTACTOR
(UNDER FUSE PANEL 17)
HYDRAULIC PUMP CONTACTOR
ELECTRONIC DRIVER, HYDRAULIC
PUMP CONTACTOR

TMM1 MODULE

TRANSISTOR CONTROLLER,
HYDRAULIC PUMP MOTOR

FUSE PANEL (FU 7, FU 3, FU 5, FU 6)

FIGURE 16. TYPICAL CONFIGURATIONS OF THE EV-T100 TRANSISTOR MOTOR CONTROLLER IN
N30XMH LIFT TRUCKS
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HOW TO CHECK THE PMT CIRCUIT
A WARNING

Some malfunctions can make the traction motor run
at high speed with no control by the speed controller.
The PMT circuit prevents operation if these mal-
functions occur. Do not operate the lift truck if the
PMT circuit does not operate correctly.

The Pulse Monitor Trip (PMT) circuit only functionsifa
fault occurs. To check the circuit, we must cause a tem-
porary malfunction. Check the PMT circuit for correct
operation as follows:

1. Raise the drive wheels and put the lift truck on blocks.
See “How To Raise The Drive Tires” in this section. Re-
lease the parking brake.

A\ WARNING

Disconnect the battery connector before making any
inspections or repairs. Personal injury or equipment
and tool damage can occur if the battery is not dis-
connected.

On unit before “XM,” units, do not touch the termi-
nals of capacitor C1 of the traction or lift control cir-
cuits. The charge on the capacitors can cause electri-
cal shock and personal injury. Use an insulated
screwdriver or jumper wire to make a short-circuit
across the capacitor terminals to discharge each ca-
pacitor. This will discharge the capacitors to prevent
electrical shocks.

On “XM;” units, do not touch the power terminals of
the motor controllers. The charge on the capacitors
can cause electrical shock and personal injury. Dis-
connect the battery connector and push the horn
button until the horn stops making a noise to dis-
charge the capacitors.

2. Disconnect the battery and discharge capacitor(s) C1
as previously described in the WARNING.

2. Disconnect the battery, open the electrical compart-
ment and discharge capacitor(s) C1 on the SCR control
panels.

3. EV-100ZX™ MOTOR CONTROLLER. Discon-
nect the gate lead from the SCR 5 (SCR panel) for the
traction circuit. The gate lead has a push-on connector
on the SCR panel Make sure that the end of the gate lead
does not touch any other surface. See the section DIA-

GRAMS, 2200 SRM 551 that came with the lift truck
for the location of the gate lead.

EV-T100 Transistor Controller. Connect a jumper
wire across the bus bars for the Contactor 1A. The logic
circuit will sense ashort- circuit and the operation of the
motor controller.

4. Connect the battery.

5. Sit on the seat to close the seat switch and turn the key
to the ON position. Actuate the Monotrol control pedal
or the direction control lever and accelerator for slow
movement in the FORWARD or REVERSE direction.

6. Listen for the direction contactor to open. The traction
system will not operate. The traction motor controller
will allow two power pulses before opening the contac-
tor.

7. When the PMT circuit disables the traction control,
turn the key to the “OFF” position. If the PMT circuit
does not disable the traction control, replace the control
card. See the sections:

= EV-100ZX™ MOTOR CONTROLLER, De-
scription & Operation And Repairs & Adjust-
ments, 2200 SRM 557.

= EV-T100™ TRANSISTOR MOTOR CON-
TROLLER, Description & Operation And
Repairs & Adjustments, 2200 SRM 581

8.SR (SEM) Transistor motor controller: Disconnect
the battery and discharge capacitor(s) C1 as previously
described in the WARNING. Disconnect one of the
power leads for the motor field (F1 or F2) at the top of
the SR motor controller. Make sure that the end of the F1
or F2 lead does not touch any other surface. Connect the
battery. Apply the service brakes and actuate the Mono-
trol control pedal or the direction control lever and ac-
celerator for slow movement in the FORWARD or RE-
VERSE direction. The traction motor will try to run for
approximately one second and then not operate. A status
code 49 will appear on the LCD screen of the SEM Dis-
play Panel.

9. When the PMT circuit disables the traction control,
turn the key to the “OFF” position. If the PMT circuit
does not disable the traction control, replace the motor
controller. See the the sections:
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TABLE 6. TORQUE VALUES FOR METRIC FASTENERS*

SIZE PROPERTY CLASS GRADE GRADE
AND 5.81 8.82 10.98
PITCH Nm Ibs ft Nm Ibs ft Nm Ibs ft
M3 x 0.5 0.62 0.5 0.99 0.7 1.34 1.0
M3.5x 0.6 0.97 0.7 1.55 1.1 2.1 1.6
M4 x 0.7 1.44 1.1 2.30 2.1 3.13 2.3
M5 x 0.8 2.91 2.1 4.65 3.6 6.33 4.7
M6 x 1 4.94 3.6 7.90 6 10.8 8
M8 x 1.25 12.0 9 19.2 14 26.1 19
M8 x 1 12.8 9 20.5 15 27.9 21
M10 x 1.5 23.8 18 38.0 28 52 38
M10 x 1.25 25.1 19 401 30 55 41
M12 x1.75 41.4 31 66 49 90 66
M12 x 1.25 45.3 33 72 53 98 72
M14 x 2 66 49 105 77 145 105
M14 x 1.5 72 53 115 85 155 115
M16 x 2 105 77 165 122 225 165
M16 x 1.5 110 81 175 130 240 175
M20 x 2.5 200 150 320 235 435 320
M20 x 1.5 225 165 355 260 485 360
M24 x 3 345 255 555 410 755 560
M24 x 2 375 275 605 445 820 605
M27 x 3 505 370 810 600 1,100 810
M27 x 2 550 405 875 645 1,190 880
M30 x 3.5 690 510 1,100 810 1,500 1,100
M30 x 3 715 530 1,140 840 1,550 1,140
M30 x 2 765 565 1.220 900 1,660 1,230
M33 x 3.5 940 695 1,500 1,100 2,040 1,510
M33 x 2 1,030 760 1,640 1,210 2,240 1,660
M36 x 4 1,200 885 1,930 1,430 2,620 1,940
M36 x 3 1,280 945 2,040 1,510 2,780 2,050
M39 x 4 1,560 1,150 2,490 1,840 3,390 2,500
M39 x 3 1,640 1,210 2,630 1,940 3,570 2,640
M42 x 4.5 1,930 1,430 3,080 2,280 4,200 3,100
M42 x 3 2,070 1,530 3,320 2,450 4,510 3,330
M45 x 4.5 2,410 1,780 3,850 2,840 5,240 3,870
M45 x 3 2,580 1,910 4,120 3,040 5,610 4,140
M48 x 5 2,900 2,140 4,630 3,420 6,300 4,650
M48 x 3 3,160 2,330 5,040 3,720 6,860 5,060

* Unless otherwise specified

' Approximately equal to Grade 2
2 Approximately equal to Grade 5
3 Approximately equal to Grade 8



INTRODUCTION

GENERAL freely through the steering control unit. The oil does not

This section has the description and repair procedureéIOW to the steering cylinder.

for the steering housing and the steering control unit.
Additional information on parts of the steering system
are in the following sectionS TEERING AXLE and
HYDRAULIC SYSTEM.

1 NOTE: Instrument cluster not shown.

DESCRIPTION

This section covers the steering column asserabgd

onthe “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|
hasthe mounts for the steering column and the steering
controlunit. 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 systdmat does not
have a mechanical connection between the steerin
wheeland the steering axle. The control of the steeringf
is through a hydraulic circuit.

H2.00-3.20XM
(H45-65XM)
SHOWN

STEERING WHEEL

If the hydraulic pump for the steering system does notj
STEERING COLUMN

operatesteering is still possible. A check valve permits

wpE

. . . . STEERING
the steering _con_tr_ol unit to control the steering cylinder CONTROL UNIT
Thelift truck is difficult to steer when the steering pump 4. KNOB
iS not operating, but the steering control unit oparate 5. LATCH
the steering cylinder and make steering possible. 6. COVER
| 7. COWL
8. MOUNT

OPERATION (See FIGURE 2.)
The steering control unit is a rotary valve operated by FIGURE 1. STEERING HOUSING ASSEMBLY

the steering wheel. During the steering operation, theas the steering wheel is turned, the spool just begins to
steering control unit controls the direction of flow and (gtate. The springs try to move the sleeve to keep the
amount of oil that flows to the steering cylinder. The npeytralposition between the spool and sleeve. However
steeringcylinder in the axle actuatéise steering linkage  the force necessary to turn the rotor is greater than the
to move the steer tires. Hydraulic oil returns from the pressure of the springs. The springs begin to bend, let-
steeringeylinder to the steeringontrol unit and then e ting the spool move a small amount within the sleeve.
turns to the hydraulic tank. 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.

Turningthe steering wheelctuates three main parts of
the steering control unit: (1) The spool for the contro
section,(2) the sleeve for the control section and (3) the
rotor in the metering section. When teeering wheel is  More rotation of the steering wheel causes the spool to
not moving, the spool and sleeve are helthe neutral  rotate the pin. This action causes the rotation of the
(center) position by springs. During this tinod, flows sleeveand the rotor in the metering section. The oil then



STEP 6.

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

11876

SNAP RING
SEAL
BUSHING
O-RING
OIL SEAL

agprwNE

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

STEP 1.
Install the seal.

1. HOUSING
2. SEAL

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

1. SPOOL
2. SLEEVE

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.

'lll:!l

~7
/L
¢

=L

5 L
1
4 S 3 2
§
1. O-RING 4. WASHER
2. GUIDE RING 5. TUBE
3. SPOOL 6. HOUSING

FIGURE 8. ASSEMBLY OF THE STEERING CONTROL UNIT (1 of 4)
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FIGURE 4. STEERING WHEEL AND STEERING COLUMN ASSEMBLY (1 of 3)



E1.25-5.50XL (E25-120XL)
and J2.00-3.00XL (J40-60XL)

A1.00-1.50XL
(A20-30XL)

15
1. COUPLING 9.
2. END PLATE, DRIVE 10.
3. SEAL 11.
4. RETAINING RING 12.
5. BEARING 13.
6. SCREW, HOUSING 14.
7. RETAINING RING 15.
8. MOTOR HOUSING 16.

ARMATURE

POWER TERMINAL
BRUSH

BRUSH HOLDER
PLATE NUT

BRUSH PLATE

COVER, COMMUTATOR
BEARING

17.
18.
19.
20.
21.
22,
23.
24,

oo
0
B

\r0aRaag,
\QeaaaEses
OUogoood

DISK

END PLATE, COMMUTATOR
SHIM

FAN

FAN COVER

BRUSH PLATE SCREWS (2)
SCREW, FAN COVER
SPRING WASHER

FIGURE 9. POWER STEERING PUMP MOTOR
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TROUBLESHOOTING

TROUBLE

POSSIBLE CAUSE

PROCEDURE OR ACTION

The steering wheels do not move
when the steering wheel is turned.

The oil level is low or there is no oil
in the tank.

The steering control unit is dam-
aged.

No oil flow from the steering control
unit to the steering cylinder.

The sleeve and spool in the control
unit will not move.

Hydraulic hoses not connected or
have damage.

Fill tank to the correct level. Check
for leaks.

Repair or install new control unit.

Repair or install new components.
Check for leaks.

Install new components.

Check for leaks. Tighten connec-
tions. Install new components as
necessary.

Slow or difficult steering.

Relief valve for the steering system
is not adjusted correctly.

Low oil pressure from the hydraulic
pump.

Seal in the steering cylinder has a
leak.

Hydraulic lines are too small or
have restrictions.

Steering control unit is worn, not as-
sembled correctly or has damage.

Adjust or install new relief valve.

Check for restrictions. See Trouble-
shooting Chart, "Hydraulic Sys-
tem” 1900 SRM 286.

Repair cylinder. Install new seal or
new cylinder.

Remove restrictions. Install larger or
new hydraulic lines.

Repair or install new control unit.

Steering wheel turns the tires in the
wrong direction.

The hydraulic lines are not con-
nected correctly at the steering cyl-
inder or at the steering control unit.

Connect lines correctly. Remove air
from the system.

Steering function continues after
the steering wheel stops.

The steering control unit is as-
sembled wrong or has damage.

Repair or install new control unit.

The steering operation is not
smooth.

The oil level in the tank is low.

Air was not removed after repair to
the hydraulic system.

The steering control unit is as-
sembled wrong or has damage.

The hydraulic pump has a leak at
the inlet.

Fill tank to the correct level. Check
for leaks.

Remove air from the system.

Repair or install new control unit.

Fix leaks. Remove air from the sys-
tem.

The pump motor will not stop oper-
ating after steering wheel stops
turning

Check for damaged pressure switch

Check steering contactor for welded
contacts

Replace the switch.

Replace the contactor.
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REAR VIEW

FREE-LIFT HOSE SHEAVE
FREE-LIFT CYLINDER

FLOW REGULATOR HOUSING
HYDRAULIC TUBE (MAIN LIFT)
HYDRAULIC HOSE (MAIN LIFT)
TO TRUCK CONTROL VALVE

oukrwnpE

FIGURE 9. HYDRAULIC CONNECTIONS —
VISTA THREE-STAGE MAST

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 begint 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-

The hoist chains fasten to the anchors near the top rear dfirns to the hydraulic tank through the flow control
the outer mast weldment. The chains go over thevalves located in the manifold attached to the bottom of
sheaves at the top of the intermediate mast weldmentthe outer mast weldment. Each cylinder has a lowering
The other end of the chains fasten to the chain anchors atontrol valve installed in its base. These lowering con-
the bottom of the inner mast weldment. When the maintrol valves control the lowering speed of a load if a hy-
cylinders raise the intermediate mast weldment, thedraulic line breaks.



5. Use a prybar to remove the load roller from the stubFORK REPLACEMENT

shaft for the load roller. See FIGURE 4.

Read and follow th6&6AFETY PROCEDURES in the
6. Use a cloth to clean each load rollespect the load GENERAL section on pages 1 and 2 as well_as all
rollers for cracks, flat spots or bearings that do not Uy ARNINGS and CAUTIONS. o

freely. Replace any roller that shows wear or is dam-

aged.
7. Install the carriage. SEARRIAGE ASSEMBLY — A WARNING
REMOVAL AND INSTALLATION. Forks are heavy and can cause an injury. Do not try

_ ) to remove forks without using a lifting device.
8. Adjust the carriage. SeEARRIAGE ADJUST-

MENTS in CHECKS AND ADJUSTMENTS.

SIDE ROLLERS — DISASSEMBLY AND Forks — N50FA and N30XMH Carriage
ASSEMBLY (See FIGURE 1. and FIGURE 5.)

(See FIGURE 1. and FIGURE 2.)

1. Remove the carriage assembly from the mast to re N€Se forks are connected to the carriage by hooks.
place the side rollers. SEARRIAGE ASSEMBLY RE- Latch pins fit through the top fork hooks and into slots
MOVAL AND INSTALLATION to remove the carriage. " the top crossmember of the carriage to keep the forks
in position. Remove the forks as follows:

2. Remove the capscrews that fasten the side roller

bracket. 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
3. Inspect and replace all damaged or worn parts.  FIGURE 1. Lower the carriage with a blocks under the

4. Reverse the procedure to install the side rollers. Ad—fork or raise the fork tip. The bottom hook of the fork

just the carriage side rollers during assembly. e will move through the fork removal notch. Lower the

RIAGE ADJUSTMENTS in CHECKS AND ADJUST- carriage fur-ther or raise the fork so that the top hook of
MENTS the fork is disengaged from the top crossmember. Move

the carriage away from the fork, or use the lifting device
NOTE: To remove and replace load rollers, wear plugs,to move the fork away from the carriage. Follow the
weldments or lift cylinders, itis necessary to remove thesame procedure to remove the other fork. Install the
two—stage mast assembly from the truck. forks as follows:

NOTE: Observe the position of the shims.

ﬁb PIN FORK
(REACH CARRIAGE)

HOOK FORK

1. LATCH ASSEMBLY 4. WASHER
2. LEVER 5. SPRING
3. ROLL PIN 6. LATCH PIN

FIGURE 5. FORKS



THREE-STAGE MAST ASSEMBLY

THREE-STAGE MAST ASSEMBLY — operate the LIFT/LOWER control lever to fully lower
REMOVAL (See FIGURE 13. and FIGURE 14.) the inner weldment. Make sure that all hydraulic pres-

Read and follow th&AFETY PROCEDURES in the  sure is removed from the system.
GENERAL section on pages 1 and 2 as well_as all

WARNINGS and CAUTIONS. 6. Mark the trunnion caps so they can be reassembled in

the same position and on the same trunnion from which
NOTE: If the mast assembly will be disassembled after they are removed. Use chain to connect a crane or other
it is removed from the truckirst remove the NSOFA  lifting device to the top of the mast assembly. Make sure
carriage or the N40-45FR reach carriage or thethe chains will not damage the sheaves or other parts of
N30XMH as a complete assembly. $26RRIAGE AS- the mast assembly. Make sure the chains and crane have
SEMBLY REMOVAL AND INSTALLATION. If the reach ~ the capacity to lift approximately 2000 kg (4500 Ibs).
carriage will be removed witthe mast assembly, oper- Use safety chains to fasten all the mast weldments to-
ate the REACH/RETRACT control lever to fully retract gether so that they cannot move. If installed, install a
the forks. Install safety chains so that the forks cannotchain or sling to the reach carriage to keep the mast as-
extend. Install the safety chains around the center platesembly from tipping during removal. Remove the four
of the scissor arm weldment and a crossmember of theapscrews that fasten the trunnion caps.
mast. Make sure a safety chain does not touch the mount

for the hose sheave, lift chains, chain or hose sheaved - Operate the crane until it gives support to the weight
hoses, tubes or fittings. If installed, operate the SIDE-Of the mast assembly. Move the crane to a position so
SH”:T Control |ever to move the S|de_shlft frame to the that the mast assembly W|" be I|fted Vertica”y. Raise the

center position. mast assembly high enough to clear the trunnions. Move
the mast assembly approximately 30 cm (1 ft) away
N40-45FR, N50FA from the truck for access to the hoses.

1. Remove the capscrew and nuts that fasten the mag. |nstall labels on the bulkhead hoses for correct con-
operator guard and remove the guard. See FIGURE 7 nection during installation. Disconnect the mast and

2. Remove the capscrews that fasten the rear legs to th(éarriage hos_es_ from their fittings as required. Install
overhead guard. See FIGURE 7. The overhead guar§@PS On the fittings and hoses to prevent leakage.

will be removed with the mast assembly. 9. Install labels on all plugs and wires for the electrical

A CAUTION cable for correct connection during installation. Discon-

Do NOT move the control lever for the reach. re-  N€ct the plugs and wires so that the cable is completely
tract, tilt or side—shift functions. Oil will flow from disconnected from the truck. The plugs are near the
the hoses for these functions. cable tension device inside the electrical compartment

3. Operate the LIFT/LOWER control lever to raise the a@bove the battery.

inner weldment high enough to remove the four caps-
. 10. Move the mast assembly away from the truck.
crews, the shims and the nut plates that fasten the bottom y y

of the mast to the truck frame. See FIGURE 8. 11. If the mast will be disassembled, put the mast on a

4. Install safety chains to keep the mast componentd€Vvel floor with the overhead guard on the bottom as a
from moving. Remove the capscrews, washers andSUPPOrt. Ipstallasupportunderthe otherend.Make sure
clamps that fasten the lift cylinder hoses to the mastthe mast s level. Keep the safety chains on the mast as-

weldments. Do NOT disconnect any hydraulic fittings. S€mbly that were installed in Step 6.

5. Remove the safety chains installed in Step 4. Do notl2. If the mast will NOT be disassembled, put the mast
damage hydraulic hoses as the mast lowers. Carefullyn a level floor with the overhead guard on top.
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2. Lower the carriage so that the safety chains are th HREE-STAGE CHAIN SHEAVES —
support for the carriage and the lift chains do not haveDISASSEMBLY AND ASSEMBLY
tension. (See FIGURE 13. and FIGURE 14.)

_ _ _ _ Read and follow th68AFETY PROCEDURES in the
NOTE: Removing the pins, at the chain anchors, will sENERAL section on pages 1 and 2 as well_as all
disconnect the lift chains without changing the chain ad-\WARNINGS and CAUTIONS.

justment. Always adjust the chains if new lift chains or
other components are installed. Free—Lift Chain Sheaves

3. Fasten both free-lift chains so that they cannot movel- If necessary, remove the free-lift chains as described
over the sheaves of the sheave support. Remove th# THREE-STAGE LIFT CHAINS —REMOVAL AND IN-
chain anchor pins at each end of both free—lift chains. STALLATION.

Hold each chain to keep it from moving too fast and
carefully remove them. A WARNING ) ) ) )

Be careful when removing or installing snap rings.
4. Inspect the free—lift chains as describeGHECKS These snap rings are large and can come loose during
AND ADJUSTMENTS. Replace the free-lift chains if removal or installation with enough force to cause an
necessary. injury. Always use the correct snap ring pliers and

wear eye and face protection during removal or in-
5. Reverse the procedure to install the free—lift chains. stallation.

6. Adjust the free—lift chains as describedECKS 2. Remove the snap ring from the shaft in the sheave
AND ADJUSTMENTS. support.

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

Main-Lift Chains 4. Remove the sheaves and spacers as a group. Inspect

1. Raise the mast until the lower chain anchors are vis-aII components for wear or damage. Replace any part

ible on the inner weldment. that is worn or damaged.

_ _ 5. Reverse the procedure to install the chain sheaves.
2. Use safety chains to fasten the inner weldment so that
it cannot move. Operate the LOWER hand lever to low- pMain—Lift Chain Sheaves

er the masts until the safety chains are a support for thei It h in_lift chai q ibed
inner weldment and lift chains do not have tension. -1hecessary, remove the main—iiit chains as describe

in THREE-STAGE LIFT CHAINS — REMOVAL AND IN-
NOTE: Removing the pins, at the chain anchors, will STALLATION.

disconnectthe lift chains without changing the chainad-> rRemove both pins from the chain anchors at the rear

justment. Always adjust the chains if new lift chains or of the free—lift cylinder. Remove each lift chain from the
other components are installed. sheaves.

3. Fasten both main-lift chains so that they cannot moveA WARNING

over the sheaves. Remove the chain anchor pins at eaghy, areful when removing or installing snap rings.
end of both main—lift chains. Hold each chain to keep it These snap rings are large and can come loose during
from moving too fast and carefully remove them. 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.

4. Inspect the main-lift chains as describedHECKS
AND ADJUSTMENTS. Replace the main-lift chains if
necessary.

_ o ~ 3. Remove the snap ring from the chain sheave bracket.
5. Reverse the procedure to install the main-lift chains. _
4. Use a prybar to remove the chain sheave from the

6. Adjust the main—lift chains as describeHECKS bracket. Inspect all components for wear or damage. Re-
AND ADJUSTMENTS. place any item that is worn or damaged.
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