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3. Remove the air cleaner, the carburetor linkage, the in-
let and exhaust manifolds.

4. Remove the coolant hoses.

5. Remove the bracket for the cooling fan.

6. Remove the upper and lower timing belt covers. See
FIGURE 23.

7. Loosen the capscrews for the timing belt tensioner
and remove the spring. Remove the capscrews and the
timing belt tensioner.

8. Use chalk to mark the direction of rotation of the tim-
ing belt. Remove the timing belt. See FIGURE 1.

9. Disconnect the wires at the distributor. Remove the
capscrew for the distributor mount and pull the distribu-
tor from the front housing.

FIGURE 1. TIMING BELT

10. See FIGURE 2. Remove the camshaft pulley. Pre-
vent rotation of the pulley and loosen the capscrew. Re-
move the capscrew and the pulley.

FIGURE 2. REMOVE THE CAMSHAFT GEAR

11. Remove the nuts and capscrews for the front hous-
ing, then remove the housing. See FIGURE 19.

12. Remove the valve cover.

13. Loosen the capscrews for the rocker shaft supports
in steps. See FIGURE 3. Remove the rocker shaft as-
sembly and the camshaft.

FIGURE 3. SEQUENCE FOR REMOVAL OF THE
ROCKER ASSEMBLY

1 5 9 8 4

10 7 362

14. Remove the capscrews for the cylinder head in steps.
Remove the capscrews in the sequence shown in
FIGURE 4.

15. Lift the cylinder head from the block.
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CONNECTING RODS AND BEARINGS

1. Use an alignment tool to check the connecting rods
for being straight. The maximum amount of distortion
per 100 mm (4.0 in) is 0.04 mm (0.0016 in). If the
amount of distortion is greater than the specification,
install a new rod or use a press to straighten the connect-
ing rod.

2. Check the clearance between the rod bearings and the
journals of the crankshaft. Clean the rod bearings and
journals. Use a plastic gauge material between the jour-
nal and the bearing. Tighten the capscrews for the rod
caps to 51 to 56 N.m (37 to 41  lbf ft). Do not rotate the
connecting rod. See FIGURE 30. The correct clearance
is 0.027 to 0.067 mm (0.0011 to 0.0026 in). If the clear-
ance is greater than the specifications, replace the bear-
ings.

FIGURE 30. CHECK THE CLEARANCE OF THE
CONNECTING ROD BEARINGS

Assembly And Installation

PISTONS AND CONNECTING RODS

1. Align the oil port on the large end of the connecting
rod with the “F” mark on the piston. See FIGURE 31.

Lubricate the piston pin and bore in the piston with en-
gine oil. Use a press to install the piston pin. The force to
push the pin into the piston must be 500 to 1500 kg (1100
to 3300 lb). If the force is not correct, replace the piston
pin and/or connecting rod. Use the special tool to make
sure the piston pin is installed to the correct depth. After
installation, check that the piston moves freely on the
piston pin.

2. Install the piston rings on the pistons. During installa-
tion, the writing on each piston ring must be toward the
top of the piston. Check that the rings rotate freely, then
put the ends of the rings in the positions shown in
FIGURE 32. Make sure the ends of the upper and lower
oil control rings are each 30° from the piston pin. Also
make sure that the top and second rings are each 30°
from the piston pin. Lubricate the rings with engine oil.

FIGURE 31. CONNECTING ROD AND PISTON

1. “F” MARK
2. OIL PORT

1

2

3. Apply clean engine oil to the piston assembly. Install
the bearings for the connecting rods. Install the piston
into the correct cylinder making sure the “F” is toward
the front (timing belt end) of the engine.
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ENGINE SPECIFICATIONS
ITEM SPECIFICATION

Valve Mechanism

Spring Free Length (Outer) 52.4 mm (2.063 in)

Service Limit 50.8 mm (2.00 in)

Spring Free Length (Inner) 45.7 mm (1.799 in)

Service Limit 44.3 mm (1.744 in)

Rocker Arm Shaft Diameter 15.966–15.984 mm (0.6286– 0.6293 in)

Rocker Arm Bore Diameter 16.000 –16.027 mm (0.6299 to 0.6311 in)

Clearance Between Rocker Arm and Shaft 0.016–0.061 mm  (0.0006–0.0024 in)

Camshaft

Cam Lobes – Production Limit 37.102 mm (1.4607 in)

Cam Lobes – Service Limit 36.902 mm (1.4528 in)

Bearing Journals, 1 and 5 31.940–31.965 mm  (1.2575 to 1.2585 in)

Bearing Journals, 2, 3 and 4 31.910–31.935 mm  (1.2563 to 1.2573 in)

Bearing Journal Wear Limit 0.05 mm (0.002 in)

Clearance Between Journals and Bore, 1 and 5 0.035–0.085 mm  (0.0014–0.0033 in)

Clearance Between Journals and Bore, 2, 3 and 4 0.065–0.115 mm (0.0026–0.0045 in)

End Clearance 0.08–0.16 mm (0.003–0.006 in)

End Clearance (Service Limit) 0.20 mm (0.008 in)

Crankshaft

Distortion less than 0.03 mm (0.0012 in)

Main Bearing Journal Diameter 59.937–59.955 mm (2.3597–2.3604 in)

Service Limit 0.05 mm (0.002in)

Grinding Limit 0.75 mm (0.030 in)

Clearance Between Journals and Main Bearings 0.031–0.049 mm  (0.0012–0.0019 in)

Service Limit 0.08 mm (0.003 in)

Connecting Rod Journal Diameter 50.940–50.955 mm (2.0055–2.0061 in)

Service Limit 0.05 mm (0.002 in)

Grinding Limit 0.75 mm (0.030 in)

Thrust Bearing Clearance 0.08–0.18 mm (0.003–0.007 in)

Service Limit 0.30 mm (0.012 in)

Connecting Rods

Small End Bore 21.943–21.961 mm (0.8639–0.8646 in)

Clearance Between Piston Pin and Bore 0.015–0.040 mm  (0.0006–0.0016 in)

Clearance Between Crankshaft Journals 
and Rod Bearings  0.027–0.067 mm (0.0011–0.0026 in)

Service Limit 0.10 mm (0.004 in)

Cylinder Block

Distortion at Top Surface 0.15 mm (0.0059 in)

Bore Diameter 86.00– 86.019 mm (3.3858–3.3866  in)

Wear Limit 0.15 mm (0.0059 in)
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valve seat is too deep and the cylinder head must be re-
placed.

FIGURE 14. VALVE GUIDE

1. VALVE STEM

1

VALVES

1. See FIGURE 15. Inspect the stem of each valve for
wear. Use a micrometer to measure the outside diameter
of the stem. The minimum dimension for an intake valve
is 7.980 mm (0.3142 in). The minimum dimension for
an exhaust valve is 7.975 mm (0.3140 in).

FIGURE 15. INSPECT THE VALVES

1. DIAMETER
2. THICKNESS, 

VALVE HEAD

1

2

2. Inspect the valves for cracks, burned faces and distor-
tion. Inspect the seat face of the valves for wear and
damage. Measure the thickness of the valve head. See
The minimum thickness for an intake valve is 0.5 mm
(0.020 in). The minimum thickness for an exhaust valve
is 1.0 mm (0.040 in).

3. If the valves need grinding the correct surface angle is
45° for both intake and exhaust valves.

VALVE SPRINGS

Check the valve springs for damage. See FIGURE 16.
Measure the free length of the valve springs. The mini-
mum length is 42.0 mm (1.65 in). Check the valve
springs for being square.  See  FIGURE 16. If the mea-
surement is more than 1.52 mm (0.059 in), replace the
valve spring(s).

FIGURE 16. INSPECT THE VALVE SPRINGS

MEASURE
HERE

Installation

1. Clean the surface of the cylinder head and the surface
of the block.

2. Install the valves and valve springs.

3. If the timing chain was removed, do the following:

a. Install the guides for the timing chain on the cylin-
der block. See FIGURE 17.
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5. If the readings are lower than the minimum reading,
there is a problem with the valves, piston rings or cylin-
der head gasket. Do the following tests to find the prob-
lem:

a. Add approximately 30 ml (1.0 oz) of engine oil to
each cylinder at the spark plug hole.

b. Crank the engine approximately ten revolutions
to distribute the oil.

c. Install the compression gauge and do the same
tests as described in step 3.

d. If the compression pressure increases to a normal
reading, the low pressure was caused by worn or
damaged piston rings. The cylinder bore can also
be damaged.

e. If the compression reading does not increase, the
low pressure was caused by worn valves, valve
seats or valve guides.

f. If the low pressure readings are in two cylinders
next to each other, the cylinder head can be leak-
ing.

FIGURE 37. CHECK THE COMPRESSION
PRESSURE

1

1. ADAPTER



700 SRM 626 Cooling System Checks

WATER PUMP

The centrifugal-type water pump is installed at the
front of the engine block. The inlet for the pump is
connected to the bottom of the radiator by a hose.
From the pump, coolant passes through the passages
in the engine block to the top of the radiator. The
thermostat controls the flow of coolant through the
engine and radiator.

FAN AND FAN SHROUD

The fan is used to provide airflow through the radia-
tor at all engine speeds. The fan is a pusher-type or
puller-type and can be installed on the water pump
or on a separate hub. The fan is driven by a drive
belt from the engine crankshaft.

The fan shroud ensures the air flow from the fan goes
through the core of the radiator.

Cooling System Checks
RADIATOR

WARNING
During engine operation, be careful not to
touch the fan, pulleys, or drive belts. Contact
with these parts can cause serious injury.

NOTE: The Repair procedures for the radiator are in
the Frame section of the Service Manual.

To check for water flow restrictions in the radiator,
run the engine until it is warm. Shut the engine OFF
and feel the radiator. The temperature must be even
across the radiator. (The radiator will be hotter near
the top radiator hose.) Cold spots on the radiator
indicate restrictions.

If the radiator has leaks, have it repaired by trained
personnel.

THERMOSTAT

WARNING
During engine operation, be careful not to
touch the fan, pulleys, or drive belts. Contact
with these parts can cause serious injury.

CAUTION
DO NOT operate the engine without a ther-
mostat. The engine and cooling system can be
damaged.

NOTE: Repair procedures for the thermostat are in
the Engine section of the Service Manual.

1. Remove thermostat from cooling system. See
Figure 3.

2. Mix solution of water with 33% antifreeze. Heat
solution to 14 C (57 F) above temperature on
thermostat.

3. Hold thermostat with wire and put it in solution.
Stir solution. If operating correctly, thermostat
will open.

4. Remove thermostat and put in same solution at
−12 C (10 F) below temperature on thermostat.
Valve must close completely.

1. FAN
2. SPACER
3. HUB/PULLEY
4. WATER PUMP

5. THERMOSTAT
6. THERMOSTAT

HOUSING

Figure 3. Cooling System Components Typical
Arrangement

3
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FUEL FLOW

AIR FLOW

FIGURE 8. AIR AND FUEL FLOW AT IDLE

FIGURE 9. AIR FUEL FLOW AT HIGH SPEED

FUEL FLOW

AIR FLOW

VACUUM

When the throttle plate is near the closed position, the
pressure difference decreases. The metering spring
pushes the valves toward their seats. Flow through the
fuel valve decreases. An air screw for idle permits ad-
justment of the mixture of the air fuel at low engine
speed.

FIGURE 10. DIAPHRAGM AND FUEL VALVE
ASSEMBLY

When the throttle plate is fully open at high engine
speeds, the fuel metering valve is at the top of its travel.
See FIGURE 9. The carburetor has an adjustable valve
that controls the amount of LPG vapor that goes to the
fuel metering valve. The restriction in fuel flow by this
valve is small when the fuel flow is low. When more fuel
flows through the valve, the valve becomes an orifice.
Adjusting the valve opening changes the mixture of fuel
and air when the engine is operated at high speed with a
load.

Solenoid  Valve (See FIGURE 2.)

The solenoid valve is installed at the fuel inlet of the car-
buretor. The valve opens to let fuel to the carburetor
when the key switch is ON. When the key switch is
OFF, the valve closes and fuel cannot flow to the carbu-
retor.

Idle Control Actuator (See FIGURE 2.)

NOTE:  Only the H2.00–3.20XM (H40–65XM) units
use the idle control actuator.

The idle control actuator is a vacuum controlled device
that increases idle speed when there is a load on the en-
gine. The idle control actuator is mounted on the carbu-
retor and acts directly on the throttle linkage. The vacu-
um line is connected to the governor and senses man-
ifold vacuum. A check valve in the vacuum line keeps
the vacuum at the actuator.

During normal operation, vacuum holds the actuator rod
away from the throttle linkage. When the engine is at
idle speed and the throttle is depressed, manifold vacu-
um decreases. The decrease in vacuum lets the actuator
rod extend and increase the idle speed.
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1. COVER
2. SPRING
3. MIXTURE VALVE ASSEMBLY
4. CARBURETOR BODY
5. IDLE MIXTURE SCREW
6. THROTTLE LEVER
7. IDLE SPEED SCREW
8. THROTTLE SHAFT

FIGURE 18. PARTS OF THE CARBURETOR, S/H1.50–1.75XM, S/H2.00XMS (S/H25–35XM, H40XMS)

9. THROTTLE PLATE
10. SEAL
11. RETAINER
12. BEARING
13. THROTTLE BODY

1

2

3

4

5

6
7

8

9

10
11

12

14. GASKETS
15. ATTACHMENT PLATE
16. GASKET
17. ADAPTER
18. POSITION MARK

13 14

14

15

16

17

18

Assembly (See FIGURE 16. and FIGURE 17.)

1. Install new bearings as needed in the throttle body.
Install new seals in the throttle body. Install the seal re-
tainers and the throttle shaft. Install the throttle plate to
the throttle shaft using lock washers with the screws.
Install the spring guides, springs and retainer on the
throttle shaft.

2. Install the throttle body and attachment plate with
new gaskets to the carburetor body. Connect the springs
to the attachment plate. Install the idle mixture spring
and screw. Install the idle control actuator and solenoid
valve.

3. Assemble the the metering valve, air measuring plate,
diaphragm and back–up plate. Align the position mark
on the metering valve of the mixture valve assembly
with the fuel inlet, and install the mixture valve assem-
bly in the carburetor. Install the metering spring and
cover. Make sure the spring is in the correct position be-
fore installing the cover.

Installation (See FIGURE 2.)

NOTE:  Use a liquid thread sealant on all fittings with
threads at the carburetor.
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The LPG vapor is kept in the expansion chamber by the
vapor valve. When the engine starts, the gas in the vapor
chamber leaves the vapor chamber to flow through the
carburetor. The pressure on the vapor diaphragm then
decreases. Air pressure on the other side of the vapor
diaphragm pushes on the diaphragm and opens the va-
por valve. The gas flows from the expansion chamber to
the vapor chamber and then to the solenoid valve and

carburetor. The pressure in the expansion chamber de-
creases and again the pressure reducer valve opens to re-
peat the operation.

When the carburetor throttle is closed, the vacuum in the
vapor chamber decreases and the vapor valve closes.
The pressure in the vapor chamber stays at 10.3 kPa (1.5
psi).

1. SCREW
2. COVER FOR VAPOR VALVE

DIAPHRAGM
3. VAPOR VALVE DIAPHRAGM
4. VAPOR VALVE LEVER
5. PIVOT PIN

6. SPRING
7. VAPOR VALVE PAD
8. PIN
9. HOUSING

10. PAD FOR PRESSURE
REDUCER VALVE

11. GASKET
12. PLATE
13. PLUG
14. ACTUATING PIN
15. DIAPHRAGM FOR 

PRESSURE REDUCER 
VALVE

16. COVER

FIGURE 7. PARTS OF THE VAPORIZER

1
2

3

1

7

8

4

5

6 9

1

10

11

12

13
14

6

1

15

16
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TROUBLESHOOTING

PROBLEM POSSIBLE CAUSE CORRECTING ACTION

Engine does not idle smoothly Idle mixture screw is not adjusted cor-
rectly.

Diaphragm in carburetor is damaged.

Air leak between carburetor and gov-
ernor or between governor and in-
take manifold.

PCV system has a restriction.

Air leak at throttle shaft.

Hose from vaporizer to carburetor is
damaged.

Balance line is disconnected.

Pressure reducer diaphragm has a
hole.

Low pressure valve in vaporizer is
damaged.

Idle speed is too low.

Idle speed screw is loose.

Water in fuel.

Fuel tank is installed in the wrong
position.

Fuel valve on the tank is in the wrong
port.

Adjust idle mixture screw.

Install new diaphragm or carburetor.

Fix air leak.

Remove restriction. Install new PCV
valve.

Repair or install new carburetor.

Install new hose.

Connect balance line.

Install new diaphragm.

Install new low pressure valve or new
vaporizer.

Adjust idle speed.

Tighten screw and adjust idle speed.

Check fuel supply and tank filling pro-
cedure. Clean system.

Install fuel tank in correct position.

Install fuel valve in the correct port.

Engine does not run
smoothly.

The governor is damaged.

Low pressure diaphragm or valve in
vaporizer is damaged.

Wrong or damaged fuel valve in car-
buretor.

PCV system has a restriction.

Air leaks in the intake manifold.

Balance line has a restriction.

Install new governor.

Repair or install new vaporizer.

Repair or install new carburetor.

Remove restriction. Install new PCV
valve.

Repair leaks.

Remove restriction.



900 SRM 948 Description and Operation

As the air filter clogs, the intake vacuum increases
for any relative throttle position. This increased vac-
uum has a similar increase in the vacuum of cham-
bers C and 2. By increasing the vacuum of chambers
C and 2 by the same level as the intake restriction,
a balance is maintained and the relative position of
the diaphragms remains unchanged. This maintains
a constant fuel mixture regardless of the air filter re-
striction. See Figure 4.

The special orifice fitting and the resonator act as
vacuum dampeners. The air being drawn through
the intake system does not flow in a constant stream,
but rather in small pulses generated during the in-
take stroke of the pistons. Without the resonator
and orifice, these pulses could be generated at a fre-
quency that is a natural harmonic of the diaphragm.
This would cause the diaphragm to vibrate uncon-
trollably and force the engine mixture to be either
very rich or lean under certain operating conditions.

CARBURETOR

Like the regulator, the carburetor has three operat-
ing modes: start mode, idle mode, and run mode.
These modes are described in detail in the following
sections.

Start Mode

Before any fuel is provided to the carburetor, the ig-
nition switch must be turned to the ON position and
the engine must be cranked without pressing the ac-
celerator. See Figure 6. The ECU level control unit
on the engine wiring harness senses that the engine
is in start mode and provides an electrical signal to
energize the main solenoid, the idle bypass solenoid,
and the fuel injector. Fuel then flows from the regu-
lator to the carburetor.

A. AIR
B. LPG

C. VACUUM FROM MANIFOLD
D. TO INTAKE MANIFOLD

1. POWER DIAPHRAGM
2. POWER VALVE
3. THROTTLE VALVE

4. IDLE AIR BYPASS ADJUSTING SCREW
5. FUEL INJECTOR
6. TAMPER-PROOF PLUG

Figure 6. Carburetor, Start Mode

5



900 SRM 948 Throttle Linkage Adjustment

ADJUSTMENTS

With the engine at operating temperature, adjust
governor as follows:

1. Remove lock wire from lockscrew. Loosen
lockscrew. Apply parking brake.

2. With no load on engine, run engine at full open
throttle to obtain maximum engine speed. To
adjust maximum no-load speed, hold secondary
adjusting screw and turn main adjustment
wheel. Turn main adjusting screw clockwise
to increase engine speed or counterclock-
wise to decrease engine speed. Set maximum
engine speed to 2800 rpm Mazda and GM
3.0L S2.00-3.20XM (S40-65XM), 2450 rpm
S/H1.50-2.00XMS (S/H25-40XMS), and 2900
rpm GM3.0L H2.00-3.20XM (H40-65XM).

3. Tighten lockscrew.

4. Run engine with throttle fully open, then pull on
tilt lever to load engine. The governor setting is

correct when the engine runs smoothly (without
speed changes) and the difference in speed be-
tween the load and no-load conditions is within
the limits of the specifications.

5. If the engine speed changes, loosen lockscrew
and turn secondary adjusting screw 1/4 turn
clockwise. Set maximum no-load engine speed
by turning main adjustment wheel counterclock-
wise. Repeat this procedure until engine speed
is steady.

6. If the engine speed difference between the load
and no-load conditions is greater than specified,
turn main adjustment wheel 1/4 turn clockwise.
Set maximum no-load engine speed by turning
secondary adjusting screw counterclockwise. Re-
peat this procedure until engine runs correctly.

7. When governor adjustment is correct, tighten
lockscrew and install wire between lockscrew
and secondary adjusting screw.

Throttle Linkage Adjustment
NOTE: Each time the throttle system is disassem-
bled, it is important to adjust the throttle cables.

1. Adjust idle speed as described in Idle Control Ad-
justment.

2. Make sure that throttle linkage at pedal assem-
bly is in correct position. See Figure 14.

3. Push MONOTROL® or throttle pedal until it
stops against floor plate. Adjust throttle cable
so that pedal stops on floor plate just as throttle
plate reaches wide-open position. Use nuts at
pedal end of cable housing to change adjustment
of cable.

4. Adjust pedal return stop so there is no tension
on throttle cable at idle position. See Figure 15.
To check this adjustment, perform the following
steps:

a. Run engine at idle speed. Make sure that
rod on idle control actuator is retracted and
throttle linkage is against idle air bypass ad-
justing screw.

b. When pedal return stop is in correct position,
tighten capscrew that holds stop to bracket.

1. PIN
2. COTTER PIN
3. THROTTLE CABLE

4. PEDAL LINKAGE
ASSEMBLY

Figure 14. Throttle Cable Arrangement
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5(3$,56

127(� 7KH SURFHGXUH IRU WKH UHPRYDO RI WKH WUDQVPLV�
VLRQ LV IRXQG LQ WKH VHFWLRQ 7+( )5$0(� ��� 650
����

72548( &219(57(5 $1'
75$160,66,21 3803

127(� 7KH WRUTXH FRQYHUWHU FDQQRW EH UHSDLUHG�

5HPRYDO $QG 'LVDVVHPEO\
�6HH ),*85( �� DQG ),*85( ����

&$87,21
%HFDUHIXO WKDW \RXGRQRWGDPDJHSDUWVRI WKH WRUTXH
FRQYHUWHU RU WUDQVPLVVLRQ ZKHQ WKH WUDQVPLVVLRQ LV
VHSDUDWHG IURP WKH HQJLQH� .HHS WKH WUDQVPLVVLRQ
DQG HQJLQH LQ DOLJQPHQW XQWLO WKH\ DUH FRPSOHWHO\
VHSDUDWHG VR WKDW SDUWV RI WKH WUDQVPLVVLRQ DUH QRW
GDPDJHG�8VHDFUDQHRU OLIWLQJGHYLFH WR VHSDUDWH WKH
WUDQVPLVVLRQ IURP WKH HQJLQH�

�� 5HPRYH WKH DFFHVV FRYHU IURP WKH WRS RI WKH WRUTXH
FRQYHUWHU KRXVLQJ�

�� 5HPRYH WKH FDSVFUHZV WKDW KROG WKH GULYH SODWH WR WKH
IO\ZKHHO�

�� 5HPRYH WKH FDSVFUHZV WKDW KROG WKH WRUTXH FRQYHUWHU
KRXVLQJ WR WKH HQJLQH� 5HPRYH WKH VWDUWHU� &DUHIXOO\
VHSDUDWH WKH WUDQVPLVVLRQ IURP WKH HQJLQH� 0DNH VXUH
WKH WRUTXH FRQYHUWHU VWD\V ZLWK WKH WUDQVPLVVLRQ�

�� 5HPRYH WKH WRUTXH FRQYHUWHU IURP WKH WUDQVPLVVLRQ�

�� 5HPRYH WKH WUDQVPLVVLRQ SXPS IURP WKH KRXVLQJ�
'LVDVVHPEOH WKH SXPS DV IROORZV�

D� 5HPRYH WKH HLJKW FDSVFUHZV WKDW KROG WKH SXPS
WR WKH WRUTXH FRQYHUWHU KRXVLQJ� 5HPRYH WKH WZR
FRYHU FDSVFUHZV IURP WKH SXPS� ,QVWDOO WZR RI
WKH SXPSPRXQWLQJ FDSVFUHZV LQ WKH FRYHU KROHV�
7LJKWHQ WKH WZRFDSVFUHZV WRSXVK WKHSXPSIURP
WKH KRXVLQJ�

E� 5HPRYH WKH JHDUV IURP WKH SXPS� 5HPRYH WKH
VHDO DQG 2��ULQJ IURP WKH SXPS�
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&21752/ 9$/9(

5HPRYDO DQG 'LVDVVHPEO\ �6HH ),*85( ����

&OHDQ WKH DUHD DURXQG WKH FRQWURO YDOYH�

��'LVFRQQHFW WKH LQFKLQJ VSRRO IURP WKH FUDQN�'LVFRQ�
QHFW WKH ZLUHV IURP WKH VROHQRLG YDOYH�

�� 5HPRYH WKH FDSVFUHZV WKDW KROG WKH FRQWURO YDOYH WR
WKH WUDQVPLVVLRQ� 5HPRYH WKH FRQWURO YDOYH� 3XW D FRYHU
RQ WRS RI WKH WUDQVPLVVLRQ WR NHHS GLUW IURP LQVLGH RI WKH
WUDQVPLVVLRQ�

�� 5HPRYH WKH VROHQRLG YDOYH IURP WKH FRQWURO YDOYH�
'LVDVVHPEOH WKH VROHQRLG YDOYH DV QHFHVVDU\� 2QO\ WKH
2��ULQJV DQG VROHQRLG FRLO FDQ EH UHSODFHG� 6HH
),*85( ���

:$51,1*
7KHUH DUH FRPSUHVVHG VSULQJV LQ WKH FRQWURO YDOYH�
&DUHIXOO\ UHPRYH WKH FRYHUV VR WKDW WKH FRPSUHVVHG
VSULQJV GR QRW FDXVH LQMXU\�

�� 5HPRYH WKH FRYHU ���� 5HPRYH WKH LQFKLQJ VSRRO DV�
VHPEO\� 5HPRYH WKH FOXWFK SUHVVXUH UHJXODWRU� WRUTXH

FRQYHUWHU UHJXODWRU DQG VSULQJV� .HHS WKH VSULQJV ZLWK
WKH UHJXODWRUV�

�� 5HPRYH WKH VWRS ���� IRU WKH PRGXODWRU� 5HPRYH WKH
PRGXODWRU DQG VSULQJV�

�� 5HPRYH WKH SLQ IURP WKH LQFKLQJ VSRRO� 5HPRYH WKH
VSULQJ VHDW� VSULQJ DQG SOXQJHU ����

,QVSHFWLRQ

0DNH VXUH WKHUH DUH QR VFUDWFKHV RU GDPDJH RQ WKH
VSRROV RU LQ WKH ERUHV�

&KHFN WKDW WKH VSULQJV DUH QRW EHQW RU GDPDJHG�

0DNH VXUH WKH VSRROV PRYH IUHHO\ LQ WKHLU ERUHV�

$VVHPEO\ DQG ,QVWDOODWLRQ �6HH ),*85( ����

/XEULFDWH WKH SDUWV RI WKH FRQWURO YDOYHZLWK FOHDQ WUDQV�
PLVVLRQ RLO GXULQJ DVVHPEO\�

�� ,QVWDOO WKH PRGXODWRU VSRRO DQG VSULQJV LQ WKH FRQWURO
YDOYH� ,QVWDOO WKH VWRS ZLWK D QHZ JDVNHW� 7LJKWHQ WKH
FDSVFUHZV WR �� WR �� 1�P �� WR �� OEI IW��

�� ,QVWDOO DQHZVHDO ��� LQ WKHFRYHU ���� ,QVWDOO WKHSOXQJ�
HU ��� RQ WKH LQFKLQJ VSRRO� ,QVWDOO WKH VSULQJ� VSULQJ VHDW
DQG WKH SLQ�
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7528%/(6+227,1*
352%/(0 3266,%/( &$86( 352&('85( 25 $&7,21

%XEEOHV LQ WKH RLO ILOO WXEH� $LU OHDN RQ WKH VXFWLRQ VLGH RI WKH
WUDQVPLVVLRQ FKDUJH SXPS�

2LO OHYHO LV QRW FRUUHFW�

:DWHU LQ WKH RLO�

2LO LV WRR KRW�

7KH WRUTXH FRQYHUWHU LV GDPDJHG�

5HSDLU OHDN� ,QVWDOO QHZ SDUWV DV UH�
TXLUHG�

&KHFN DQG DGMXVW RLO WR WKH FRUUHFW
OHYHO�

&KHFN RLO VXSSO\ DQG VWRUDJH� 2LO
FRROHU KDV GDPDJH� ,QVWDOO QHZ RLO
FRROHU RU UDGLDWRU� 'UDLQ V\VWHP DQG
ILOO ZLWK FOHDQ RLO�

6HH µ7UDQVPLVVLRQ LV WRR KRW�µ

3UHIRUP VWDOO WHVW� 5HSDLU RU LQVWDOO
QHZ WRUTXH FRQYHUWHU�

/LIW WUXFN ZLOO QRW PRYH LQ HLWKHU GL�
UHFWLRQ� (QJLQH LV UXQQLQJ� GLUHFWLRQ
FRQWURO OHYHU LV LQ SRVLWLRQ IRU WUDYHO�
DQG SDUNLQJ EUDNH LV UHOHDVHG�

6ZLWFKHV DW GLUHFWLRQ FRQWURO OHYHU
KDYH GDPDJH RU DUH QRW FRQQHFWHG�

7UDQVPLVVLRQ RLO OHYHO LV WRR ORZ�

$[OH VKDIW�V� RU WUDQVPLVVLRQ�GLIIHU�
HQWLDO LV GDPDJHG�

%UDNHV DUH QRW UHOHDVHG�

)RUZDUG DQG 5HYHUVH VROHQRLGV GR
QRW RSHUDWH�

7UDQVPLVVLRQ SXPS LV GDPDJHG�

3UHVVXUH UHJXODWRU�V� LV LQ WKH RSHQ
SRVLWLRQ�

'LUHFWLRQ VSRRO ZLOO QRW PRYH�

7RUTXH FRQYHUWHU LV GLVFRQQHFWHG
IURP WKH IO\ZKHHO�

7XEH WR GLUHFWLRQ VSRRO LV GDPDJHG
RU GLVFRQQHFWHG�

&RQWURO YDOYH JDVNHW LV GDPDJHG�

&RQWURO YDOYH LV GDPDJHG�

&KHFN ZLULQJ DQG DGMXVW VZLWFKHV�
,QVWDOO QHZ VZLWFKHV�

&KHFN DQG ILOO WR FRUUHFW OHYHO�
&KHFN IRU OHDNV�

5HSDLU RU LQVWDOO QHZ SDUWV�

&KHFN RSHUDWLRQ RI SDUNLQJ DQG VHU�
YLFH EUDNHV� 5HSDLU DV UHTXLUHG�

&KHFN VZLWFKHV DW FRQWURO OHYHU�
&KHFN ZLULQJ WR VROHQRLGV� &KHFN
VROHQRLGV� ,QVWDOO QHZ SDUWV DV UH�
TXLUHG�

&KHFN SUHVVXUHV DW WKH FRQWURO
YDOYH� ,QVWDOO QHZ SXPS�

&KHFN RSHUDWLRQ RI SUHVVXUH UHJXOD�
WRUV� 5HSDLU RU LQVWDOO QHZ SDUWV�

&KHFN RSHUDWLRQ RI GLUHFWLRQDO
VSRRO� 5HSDLU RU LQVWDOO QHZ VSRRO�

&KHFN WRUTXH FRQYHUWHU PRXQWLQJ
KDUGZDUH� 5HSDLU DV UHTXLUHG�

&KHFN WXEH� &RQQHFW RU LQVWDOO QHZ
WXEH�

5HPRYH FRQWURO YDOYH DQG FKHFN
JDVNHW� ,QVWDOO QHZ JDVNHW�

&KHFN RSHUDWLRQ RI FRQWURO YDOYH�
,QVWDOO QHZ FRQWURO YDOYH�
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SRUW PDQLIROG DQG WKH LVRODWRU PDQLIROG PXVW EH UH�
SODFHG�

,QVSHFW WKH SRUWPDQLIROG�7KH URWDWLRQRI WKH YDOYHSODWH
ZLOO QRUPDOO\ SROLVK D SDWWHUQ LQ WKH SRUW PDQLIROG� $Q
DFFHSWDEOH SDUW FDQ KDYH WKLV SDWWHUQ LI WKHUH DUH QRW
VFUDWFKHV� JURRYHV� RU RWKHU GDPDJH�

�� 5HPRYH WKH YDOYH ULQJ ����� 'LVFDUG WKH WZR VHDO
ULQJV ����

�� 5HPRYH WKH YDOYH SODWH ����� ,QVSHFW WKH HGJHV DQG
VXUIDFHV IRU ZHDU DQG GDPDJH� 7KH VORWV PXVW KDYH
VKDUS HGJHV� 7KH YDOYH ULQJ DQGYDOYH SODWHPXVW EH UH�
SODFHG DV D VHW�

�� 5HPRYH WKH WKUHH VSULQJV IURP WKH LVRODWRU PDQ�
LIROG� 6HH WKH 127( DERXW WKH VSULQJV LQ VWHS ��

��� 5HPRYH WKH GULYH DVVHPEO\ ���� IURP WKH GULYH
OLQN� 7KH DOLJQPHQW SLQ ���� LQ WKH GULYH DVVHPEO\
PXVW QRW EH ZRUQ DQG PXVW ILW WKH KROH WLJKWO\� 7KH
VLGHV DQG VORW RI WKH GULYH DVVHPEO\PXVW EH UHSODFHG LI
WKHUH LV ZHDU�



��

�� ,QVWDOO WKH XSSHU FRYHU SODWH ����� 7KH ILQLVKHG VXU�
IDFH PXVW EH WRZDUGV WKH PHWHULQJ VHFWLRQ� 0DNH WKH
LGHQWLILFDWLRQ JURRYH DQG WKH KROH IRU WKH KRUQ FRQWDFW
DVVHPEO\ DUH LQ WKH FRUUHFW SRVLWLRQV� 6HH DOVR
),*85( ��

��� $SSO\ JUHDVH WR WKH IDFH RI WKH XSSHU FRYHU SODWH
DQG WR WKH HQG RI WKH LQSXW VKDIW�

��� $VVHPEOH WKH EDFN��XS ULQJ ���� DQG VHDO ���� RQ
WKH VHDO VSDFHU �����

��� ,QVWDOO WKH VHDO DVVHPEO\ RQ WKH XSSHU FRYHU SODWH�



��

��� ,QVWDOO WKH VSHFLDO ORFN QXWV RQ WKH WKURXJK EROWV�
7LJKWHQ WKH QXWV LQ VWHSV LQ WKH VHTXHQFH VKRZQ LQ WKH
LOOXVWUDWLRQ�7LJKWHQ WKH ORFN QXWV WR �� WR ��1P��� WR
�� OEI IW��

�

� �

�

��� 7LJKWHQ WKH SOXJ WR �� WR �� 1P ��� WR��� OEI LQ��

��� $SSO\ D WKLQ OD\HU RI JUHDVH WR WKH GLUW DQG ZDWHU
VHDO ����� ,QVWDOO WKH VHDO RQ WKH MDFNHW WXEH�

��� ,QVWDOO WKH HOHFWULF FRQQHFWLRQ IRU WKH KRUQ�
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Removal Of The Assembly Components 
(See FIGURE 3., FIGURE 4. and FIGURE 5.)

NOTE:  This procedure is for the removal of all compo-
nents of the steering column assembly. All components
are not often removed for a repair procedure. Do only
those steps of the procedure necessary to remove the re-
quired component.

CAUTION
Disconnect the negative battery cable on internal
combustion trucks. Disconnect the battery connec-
tor on electric trucks. Disconnect the battery before
removing any covers.

1. Attach a tag on the battery connector or negative cable
stating “DO NOT CONNECT BATTERY”. Move the
steering column to the most forward position. Remove
the access cover from the steering column.

2. Remove the key switch from the housing of the steer-
ing column. Make an identification of the electric wires
and disconnect them from the key switch.

3. On units with the Direction Control Handle, remove
the handle, dust cover and large nut that fastens the di-
rection switch. Remove the direction switch from the
housing of the steering column. Make an identification
of the electric wires and disconnect them from the direc-
tion switch.

4. Remove the capscrew that fastens the bracket for the
horn switch to the housing of the steering column. Move
the horn switch and bracket away from the steering col-
umn.

5. Remove the horn cover, snap ring and base plate (no
base plate in Petri steering wheel, see FIGURE 5.). Lift
the push rod and adjuster spool from the top of the steer-
ing shaft. Remove the large hex nut and remove the
steering wheel from the shaft. A puller makes removal
of the steering wheel easier, but not all steering wheels
have puller holes.

6. Some electric units have On–Demand steering. Re-
move the optical encoder and activator and the brackets
of the On–Demand steering. Make an identification of
the electrical wires and disconnect them from the as-
semblies.

7. Make an identification of the hydraulic hoses at the
steering control unit so they can be connected correctly
during assembly. Some hydraulic hoses have fittings

that will permit disconnection at the steering control
unit. Disconnect the other hydraulic hoses at the base of
the cowl, the control valve or the steering pump. Re-
move all mount clamps so that the hoses will turn freely
and not become twisted. Disconnect the hydraulic hoses
at the bottom of the steering control unit. Install plugs at
all hoses and ports to prevent dirt from entering the
steering hydraulic system.

8. If there is a display panel on the steering column hous-
ing, disconnect all plugs connected to the display panel.

NOTE: The repair procedures for the instrument cluster
for the S/H2.00–3.20XM (S/H40–65XM) and
H/S1.50–2.00XMS (H/S30–40XMS) are in the section
INSTRUMENT CLUSTER, 2200 SRM 514.

NOTE:  The repair procedures for the instrument cluster
for the E/J2.00–3.20XM (E/J45–65XM),
J1.60–2.00XMT (J30–40XMT) and N30XMH are in
the section ELECTRICAL SYSTEM, 2200 SRM
560.

9. Remove the capscrews, lock washers and lock plates
that fasten the steering column to the pivots on the lift
truck. Remove the steering column from the lift truck.
Make sure the electric wires and the hydraulic hoses are
not damaged as the steering column is removed.

10. Do the following procedure to remove the steering
shaft:

a. Move the plastic tube and washer toward the
steering control unit and compress the spring for
the horn switch. Then remove the pin that goes
through the steering shaft and engages the plastic
tube.

b. Remove the external snap ring that holds the
bearing in the steering column. On units that have
On–Demand steering, loosen the set screw in the
gear on the shaft. The return spring, washer and
tube are removed at the same time as the steering
shaft and bearing are removed. Use a small pry-
bar at the bottom of the steering shaft near the
steering control unit to remove the steering shaft
and bearing (also, return spring, washer and tube)
from the steering column.

11. Remove the two capscrews that hold the steering
control unit and the bracket to the steering column. Re-
move the four capscrews or nuts that fasten the steering
control unit to the bracket.
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�� 0DNH D QRWH RI WKH DUUDQJHPHQW RI SDUWV DQG GLVDV�
VHPEOH WKH EUDNH DVVHPEO\� 5HPRYH WKH SDUNLQJ EUDNH
OLQN ���� DQG VSULQJ ���� LI WKH\ DUH VWLOO HQJDJHG ZLWK
EUDNH VKRHV� 7KH SDUNLQJ EUDNH OLQN DQG VSULQJ ZLOO IUH�
TXHQWO\ IDOO IURP WKH EUDNH DVVHPEO\ZKHQ WKH EUDNH DV�
VHPEO\ LV UHPRYHG IURP WKH EDFN SODWH� 7KH DGMXVWHU

ZKHHO ���� ZLOO DOVR GLVHQJDJH IURP WKH EUDNH VKRHV DI�
WHU WKH EUDNH DVVHPEO\ LV UHPRYHG�

���5HPRYH WKH VSULQJ ���� IRU WKH DGMXVWHUZKHHO DFWXD�
WRU ����� 5HPRYH WKH DGMXVWHU ZKHHO DFWXDWRU ���� IURP
WKH EUDNH VKRH�
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��$SSO\ WKH SDUNLQJ EUDNHZLWK WKH SDUNLQJ EUDNH OHYHU�
7KH WZR��FLUFXLW PLFURVZLWFK ZLOO RSHQ WKH 0RQRWURO
FLUFXLW �GHHQHUJL]H WKH VROHQRLGV IRU WKH SRZHUVKLIW
WUDQVPLVVLRQ� DQG SHUPLW WKH VWDUWHU FLUFXLW WR EH HQHU�
JL]HG ZLWK WKH LJQLWLRQ VZLWFK�

�� 7XUQ WKH LJQLWLRQ VZLWFK WR WKH 67$57 SRVLWLRQ� 7KH
VWDUWHU ZLOO RSHUDWH LI WKH SDUNLQJ EUDNH VZLWFK RSHUDWHV
FRUUHFWO\� 7XUQ WKH LJQLWLRQ VZLWFK WR WKH2)) SRVLWLRQ�

�� &KHFN WKH ZLUHV IRU WKH SDUNLQJ EUDNH VZLWFK LI WKH
FRQGLWLRQV IURP WKH UHVXOWV RI VWHSV � WKURXJK � DUH QRW
FRUUHFW�

��$SSO\ WKH SDUNLQJEUDNH DQG VWDUW WKH HQJLQH� 3XVK WKH
SDUNLQJ EUDNH OHYHU WRZDUG WKH UHOHDVHG SRVLWLRQ� EXW GR
QRW SXVK WKH UHOHDVH EXWWRQ� 7KH SDUNLQJ EUDNH ZLOO VWD\
LQ WKH 21 SRVLWLRQ DQG ORFNHG� 7KH WUDQVPLVVLRQ PXVW
EH LQ 1(875$/ DQ\ WLPH WKH SDUNLQJ EUDNH OHYHU LV
DSSOLHG� ,I WKH UHVXOWV RI WKH WHVW DUH QRW FRUUHFW� FKHFN IRU
ZHDU DQG GDPDJH�0DNH UHSDLUV DV QHFHVVDU\ DQG UHSHDW
VWHSV � WKURXJK ��

$'-867 7+( ,1&+,1*�%5$.( 3('$/
�6HH ),*85( ���

7KH IROORZLQJ DGMXVWPHQW SURFHGXUH JLYHV D VPDOO
DPRXQW RI WUDQVPLVVLRQ ´LQFKLQJµ DV WKH EUDNHV DUH DS�
SOLHG �FDOOHG DV LQFKLQJ�EUDNH ´RYHUODSµ�� 7KLV RYHUODS
PDNHV WKH ´LQFKLQJµ IXQFWLRQ VPRRWK RQ VPDOO JUDGHV�
$V WKH LQFKLQJ�EUDNH SHGDO LV SXVKHG LQ� LQFKLQJ�EUDNH
RYHUODS RFFXUV� 7KH EUDNHV VWDUW WR DSSO\ DQG WKH WUDQV�
PLVVLRQ FOXWFK SDFNV EHJLQ WR GLVHQJDJH�

�� &KHFN DQG DGMXVW WKH LQFKLQJ�EUDNH SHGDO LI WKH FRQ�
WURO YDOYH ZDV UHPRYHG IRU UHSDLUV�

�� ,I WKH OLIW WUXFN KDV EHHQ RSHUDWHG IRU PRUH WKDQ ��
KRXUV VLQFH WKH EUDNH VKRHV ZHUH LQVWDOOHG� DQG WKH RS�
HUDWLRQ RI WKH EUDNHV LV QRUPDO� JR WR VWHS ��

�� ,I WKH OLIW WUXFN KDV QHZ EUDNH VKRHV� DGMXVW WKH EUDNH
VKRHV DV GHVFULEHG LQ VWHS ��

�� 'R WKH IROORZLQJ SURFHGXUH WR DGMXVW WKH EUDNH VKRHV�

D� 3XW WKH OLIW WUXFN RQ EORFNV VR WKDW WKH GULYH
ZKHHOV FDQ EH URWDWHG� 3XW EORFNV DW HDFK VLGH RI
WKH VWHHU WLUHV WR SUHYHQW IRUZDUG RU EDFNZDUG
PRYHPHQW RI WKH OLIW WUXFN�

E� 8VH DQ DGMXVWHU WRRO �RU D VFUHZGULYHU� WR URWDWH
WKH DGMXVWHU ZKHHO VR WKDW WKH WHHWK RI WKH ZKHHO
PRYH GRZQ� 7KLV DGMXVWPHQW PRYHV WKH EUDNH
VKRHV� 0RYH WKH EUDNH VKRHV VR WKDW WKH ZKHHO
ZLOO QRW URWDWH�

F� 3XVK WKH DXWRPDWLF DGMXVWHU OHYHU DZD\ IURP WKH
DGMXVWHU ZKHHO ZLWK VPDOO VFUHZGULYHU� 8VH WKH
DGMXVWHU WRRO WR ORRVHQ WKH DGMXVWHUZKHHO DSSUR[�
LPDWHO\ �� WHHWK�

G� 5HPRYH WKH OLIW WUXFN IURP WKH EORFNV� 2SHUDWH
WKH OLIW WUXFN LQ WKH )25:$5' DQG 5(9(56(
GLUHFWLRQV� 6WRS WKH OLIW WUXFN �� WLPHV LQ HDFK
GLUHFWLRQ� 7KLV SURFHGXUH FDXVHV WKH EUDNH VKRHV
WR ZHDU D VPDOO DPRXQW DQG ILW WKH EUDNH GUXPV
EHWWHU�

�� 'R WKH IROORZLQJ SURFHGXUH WR DGMXVW WKH ´LQFKLQJµ
RSHUDWLRQ�

D� $GMXVW WKH OHQJWK RI WKH SXVK URG ��� VR WKDW GL�
PHQVLRQ( LV �PP ����� LQ�� 7LJKWHQ WKH MDP QXW
RQ WKH URG HQG�

E� $GMXVW WKH IUHH PRYHPHQW �GLPHQVLRQ '� RI WKH
SXVK URG ��� E\ WXUQLQJ WKH DGMXVWPHQW FDSVFUHZ
���� 7XUQ WKH FDSVFUHZ XQWLO WKH SXVK URG WRXFKHV
WKH SLVWRQ RI WKH PDVWHU F\OLQGHU� WKHQ ORRVHQ WKH
FDSVFUHZ ��� WR ��� RI D WXUQ� 7LJKWHQ WKH MDP QXW�

F� 6HW WKH SHGDO KHLJKW �GLPHQVLRQ0� WR ��� WR ���
PP ���� WR ��� LQ� XVLQJ WKH DGMXVWPHQW FDSVFUHZ
����

G� ,QVWDOO WKH LQFKLQJ FDEOH ���� DQG DGMXVW WKH FDEOH
WR UHPRYH DQ\ IUHH PRYHPHQW LQ WKH FDEOH� $IWHU
WKH FDEOH LV LQVWDOOHG� WKHUH PXVW QRW EH DQ\ IUHH
PRYHPHQW LQ WKH OHYHU ���� ZKHQ WKH EUDNH SHGDO
LV DSSOLHG�

H� 7KHEUDNH�LQFKLQJRYHUODS LV VKRZQDVGLPHQVLRQ
)�:KHQ WKHSHGDO UHDFKHV GLPHQVLRQ)� WKH FUDQN
��� EHJLQV WR PRYH� 7XUQ WKH DGMXVWPHQW FDS�
VFUHZ ��� XQWLO LW WRXFKHV WKH FUDQN� WKHQ ORRVHQ
WKH DGMXVWPHQW FDSVFUHZ RQH WXUQ WR VHW WKH FRU�
UHFW RYHUODS� 7LJKWHQ WKH MDP QXW� 'LPHQVLRQ )
ZLOO EH DSSUR[LPDWHO\ � PP ����� LQ��
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7KH JHDUV LQ WKH SXPS KDYH WKHLU WHHWK HQJDJHG LQ WKH
FHQWHU RI WKH SXPS ERG\� 7KH SXPSKDV FORVH WROHUDQFHV
EHWZHHQ WKH WHHWK DQG WKH SXPS ERG\� :KHQ WKH LQSXW
VKDIW LV WXUQHG� WKH GULYH JHDU WXUQV WKH GULYHQ JHDU� 7KH
WROHUDQFHV DQG VHDOV PDNH WLJKW FKDPEHUV EHWZHHQ WKH
JHDU WHHWK�:KHQ WKH WHHWK RI HDFKJHDUPRYH DSDUW DW WKH
LQOHW SRUW� WKH\PDNH D YDFXXP�2LO IURP WKH WDQN HQWHUV
WKH LQOHW SRUW DQG LV PRYHG DURXQG WKH FLUFXPIHUHQFH RI
WKH JHDU E\ WKH FKDPEHUV EHWZHHQ WKH JHDU WHHWK�
3DVVDJHV RSSRVLWH WKH LQOHW FRQQHFW WKH JHDU FKDPEHUV
IRU RXWOHW RLO IORZ WR WKH IORZ FRQWURO YDOYH� 2LO
OXEULFDWHV WKH EHDULQJV DQG WKH JHDU VXUIDFH RI HDFK

EHDULQJ� 2LO DW WKH LQOHW IORZV WKURXJK ERUHV DQG
SDVVDJHV LQ WKH EHDULQJV �SUHVVXUH SODWHV RQ VRPH
PRGHOV� WR ERWK VLGHV RI HDFK EHDULQJ� 2WKHU ERUHV DQG
SDVVDJHV LQ WKH EHDULQJV OHW WKH RXWOHW RLO SUHVVXUH JR WR
WKH VLGHV RI WKH EHDULQJ DZD\ IURP WKH JHDUV� 7KH
SDVVDJHV DOVR OHW WKLV RXWOHW RLO IORZ WR WKH VLGH RI WKH
LQOHW FLUFXPIHUHQFH RI HDFK EHDULQJ WR EDODQFH WKH
SUHVVXUH RQ WKH EHDULQJV� 7KH RXWOHW SUHVVXUH RQ WKH
JHDUV SXWV D IRUFH RQ WKH EHDULQJV WR NHHS WKHP WLJKW
DJDLQVW WKH JHDUV IRU EHWWHU SXPS HIILFLHQF\ DQG WR DOORZ
IRU ZHDU�
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VSRRO JLYHV D SDWK IURP WKH VXSSO\ FDYLW\ WR WKH K\GUDX�
OLF F\OLQGHU WR GR ZRUN�

7KHFRQWURO YDOYHKDV WKUHHFRQWURO OHYHUV�7KH ILUVW OHYHU
WR WKH ULJKW RI WKH RSHUDWRU FRQWUROV WKH OLIWLQJ DQG ORZHU�
LQJ RI WKH PDVW� 7KH VHFRQG OHYHU FRQWUROV WKH WLOW IXQF�
WLRQ� 7KH WKLUG FRQWURO OHYHU LV IRU DWWDFKPHQWV DQG KDV
WKUHHPHWKRGVRIRSHUDWLRQGHSHQGLQJRQ WKHDWWDFKPHQW
DQG FRQWURO YDOYH�

� &RQWURO /HYHU :LWKRXW D 'HWHQW ��
$WWDFKPHQWV :LWKRXW D &ODPS $FWLRQ� 7KH
OHYHU LV RSHUDWHG E\ PRYLQJ IRUZDUG RU
EDFNZDUG�

� &RQWURO /HYHU :LWK 'HWHQW �� 5HTXLUHG )RU
$WWDFKPHQWV :LWK D &ODPS $FWLRQ� 7KH OHYHU
LV VSULQJ��ORDGHG WRZDUG WKHRSHUDWRU� 7KH OHYHU LV
RSHUDWHGE\PRYLQJ LW WR WKH ULJKW� WKHQ IRUZDUGRU
EDFNZDUG�

� &RQWURO /HYHU:LWK D 'HWHQW �� )RXU )XQFWLRQ
&RQWURO9DOYH� 7KH OHYHU LV VSULQJ ORDGHG WRZDUG
WKH RSHUDWRU DQG FRQWUROV WKH WKLUG DQG IRXUWK
IXQFWLRQV� 7KH WKLUG IXQFWLRQ LV RSHUDWHG E\
PRYLQJ WKH OHYHU IRUZDUG RU EDFNZDUG� 7KH
IRXUWK IXQFWLRQ LV RSHUDWHGE\PRYLQJ WKH OHYHU WR
WKH ULJKW� WKHQ IRUZDUG RU EDFNZDUG�

/LIW 6HFWLRQ �6HH ),*85( ���

:KHQ WKH VSRRO LV PRYHG WR WKH /LIW SRVLWLRQ� WKH VSRRO
PDNHV D UHVWULFWLRQ LQ WKH RSHQ FHQWHU SDVVDJH� 7KH LQ�
FUHDVHG SUHVVXUH LQ WKH SDUDOOHO SDVVDJH FDXVHV RLO WR
IORZ WKURXJK WKH FKHFN YDOYH WR WKH VXSSO\ FDYLW\� 7KH
RLO IORZV IURP WKH VXSSO\ FDYLW\ WKURXJK D VHFWLRQ RI WKH
VSRRO WR WKH OLIW F\OLQGHU� 7KH FKHFN YDOYH SUHYHQWV WKH
PRYHPHQW RI WKH ORDG XQWLO WKH V\VWHP SUHVVXUH LV JUHDW
HQRXJK WR FRQWURO WKH ORDG�
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7LOW F\OLQGHUV H[WHQG VXGGHQO\
ZKHQ WKH WLOW VSRRO LV PRYHG WR
)25:$5' 7,/7 SRVLWLRQ�

7LOW FRQWURO VSRRO LQVLGH WKH WLOW VSRRO LV
GDPDJHG�

5HSODFH YDOYH VHFWLRQ�

/LIW F\OLQGHUV UHWUDFW ZKHQ WKH
OLIW VSRRO LV LQ WKH 1(875$/
SRVLWLRQ�

&KHFN YDOYH IRU WKH OLIW VSRRO LV GDP�
DJHG�

&\OLQGHU VHDOV KDYH OHDNV�

+\GUDXOLF OLQHV KDYH OHDNV�

/HDNV EHWZHHQ WKH OLIW VSRRO DQG WKH
ERUH�

5HSODFH FKHFN YDOYH�

5HSDLU OLIW F\OLQGHUV�

5HSDLU RU WLJKWHQ OLQHV RU ILWWLQJV�

5HSODFH YDOYH VHFWLRQ�



Tilt Cylinder Repair 2100 SRM 103

STEP 4.
Install the piston half with the packing on the cylin-
der rod. Make sure the O-ring fits into the piston
groove when the piston half is installed. Install the
piston rod nut. Tighten to the specifications given in
Torque Specifications.

1. O-RING
2. PISTON HALF

3. PISTON HALF
WITH PACKING

STEP 5.
Push the piston into the cylinder bore. Push the re-
tainer into the bore. Make sure the O-ring is not dam-
aged.

1. CYLINDER ROD
2. PISTON AND

PACKING

3. ROD NUT

8
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in this way, a separate switch is operated automatically
by the equipment function.

FIGURE 4. WARNING LIGHTS

1. LENS SCREW
2. FASTENING NUT

REPLACEMENT

General

Horns, light assemblies, flashing devices, buzzers and
switches are not repairable items. The most accurate and
usually easiest checks for proper operation of individual
items is direct replacement. However, the most common
cause of failure is poor connections or defective or im-
proper wiring. Also, there are no adjustments to per-
form. Therefore, only replacement procedures are giv-
en. Before replacing an item, make sure of the follow-
ing:

a. Other electrical circuits are operating correctly.

b. Battery is fully charged and the cable terminals
are clean and correctly connected.

c. Wiring and connections to device are tight and in
good condition.

Replacing Horns Or Bells (See FIGURE 5.)

1. Make sure the KEY switch is in the “OFF” position or
the battery is electrically disconnected.

2. Mark the horn or bell wires for reconnection and dis-
connect them.

3. Remove the screws, nuts or other items fastening the
horn or bell to the equipment.

4. Remove the horn or bell and install the replacement.

5. Tighten the screws, nuts, or other items fastening the
horn or bell to the equipment.

6. Connect the wires as marked, to the electrical termi-
nals.

FIGURE 5. REPLACEMENT OF INSTRUMENT
PANEL LIGHTS

1. BULB ASSEMBLY 
2. BULB PINS 
3. BULB 
4. LENS TUBE

5. LENS 
6. LENS PIN 
7. BASE 
8. SLOT

Replacing Horn Relay Or Buzzer

The horn relay if used, is frequently located under the in-
strument panel or near the horn. Electrically powered
equipment does not use relays. If necessary, follow the
horn electrical leads to find the relay. Replace the relay
as follows:

1. Disconnect the battery or batteries, to remove all volt-
age from the terminals.

2. Mark the wires for reconnection.

3. Disconnect the wires.

4. Remove the screws, nuts, or other items fastening the
unit to the equipment.

5. Remove the unit and install the replacement unit.

6. Connect the marked wires to the correct terminals or
connectors.

Replacing  Warning Lights BULBS 
(See FIGURE 2., FIGURE 4. and FIGURE 5.)

1. Access the different assemblies’ bulbs as follows:

a. Large instrument panel assemblies – push the as-
sembly base toward the lens and turn. Do not let
spring fall.
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FIGURE 2. THE IGNITION CIRCUIT

9578

1. BATTERY
2. KEY SWITCH
3. NEUTRAL

START SWITCH
4. COIL

1

5. DISTRIBUTOR
6. SPARK PLUG
7. DISCONNECT

SWITCH (EEC
ONLY)

2

3

4

5
6

7

When the engine is running, current flows from the bat-
tery, through the key switch, coil, and distributor and
then returns to the battery. Distributor operation is the
same during engine starting or running conditions ex-
cept for the timing advance mechanisms.

Charging System (See FIGURE 3.)

The charging system includes the key switch, the battery
and the alternator, and voltage regulator. The key switch
connects battery voltage to the regulator. The regulator
controls the alternator to charge the battery. Battery
voltage decreases as the starting circuit and other cir-
cuits take energy from the battery. The regulator senses
this decrease in battery voltage and increases the alter-
nator output to charge the battery. The alternator is
either ON or OFF. The alternator generates maximum
current when it is ON and no current when it is OFF. The
regulator switches the alternator between ON and OFF
to get the average current needed to charge the battery.
Alternator output is directly changed by engine speed
and rotor current.

The alternator has four main parts that include the stator,
the rotor, the diode assembly, and the voltage regulator.
Mechanical power from the engine turns the rotor inside
the stator windings. The voltage regulator controls the
flow of battery current to the rotor brushes, slip rings,
and rotor windings. A magnetic field that rotates is the
result of this current flow in the stator windings.

FIGURE 3. THE CHARGING CIRCUIT

9542

1. ALTERNATOR
2. CONNECTOR
3. OTHER BATTERY CIRCUITS

1

4. INDICATOR
5. KEY SWITCH
6. BATTERY

2 3

4
5

6

7
9

7. REGULATOR
8. STATOR
9. ROTOR

10. DIODE TRIO

8
10
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Now, remove the negative lead from the starter housing.
Remove the small jumper wire from the S terminal.

FIGURE 10. CHECK THE STARTER

9568

1. STARTER SOLENOID
2. NEGATIVE LEAD (DO NOT CONNECT)
3. 12V BATTERY
4. AMMETER
5. STARTER
6. POSITIVE LEAD
7. JUMPER WIRE

1
2

34
5

6

7

S

B

M

4. The starter is in good condition if all of the following
items are correct:

a. Clutch assembly moves so that it can engage the
flywheel.

b. Smooth rotation occurs just after clutch move-
ment.

c. Ammeter must indicate 53 ampere or less.

d. Clutch assembly moves so that it can disengage
the flywheel after jumper wire is removed from S
terminal.

Check Brush Holder (See FIGURE 11.)

Remove the brush holder from the motor housing. Re-
move the brushes from the brush holder. Connect an
ohmmeter between each bracket that holds each brush
and the mount plate for the brackets. The indications for
the two positive brackets must be infinity. The indica-
tions for the two other brackets must be zero ohms.

FIGURE 11. CHECK THE BRUSH HOLDER

9553

1. NEGATIVE BRACKETS
2. POSITIVE BRACKETS
3. MOUNT PLATE

1 2

2

3

NOTE: BRUSH ASSEMBLY CAN BE 
DIFFERENT THAN SHOWN.

Check  Armature

Remove the armature. Use an ohmmeter to check for an
infinity indication between any commutator bar and the
armature shaft. Check for continuity (zero ohms) be-
tween any two commutator bars. If either check is
wrong, replace the armature.

Check Field Windings

Remove the motor, brush holder, and armature. Use an
ohmmeter to check for continuity between the positive
brush and electrical lead of the motor. Check for a indi-
cation of infinity between a positive brush and the motor
housing. If the indication is not infinity, check that the
brush lead connections are not touching the housing. If
either check shows a wrong condition, replace the com-
plete motor housing.

Check Clutch And Bearing

Check the teeth of the gear. If the teeth are worn or dam-
aged, replace the clutch assembly. Check the teeth of the
ring gear on the flywheel. If the teeth are worn or dam-
aged, replace the ring gear. See the section for the EN-
GINE . Check that the clutch bearing rotates freely and
smoothly. The bearing must not be loose.

IGNITION SYSTEM

Adjust Engine Timing (See FIGURE 12.)

Check that the distributor is adjusted for the correct tim-
ing. Connect a timing light to the number one spark plug
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FIGURE 5. PARTS OF THE STARTER

1. SOLENOID ASSEMBLY
2. LEVER
3. BUSHING
4. DRIVE HOUSING
5. WASHER
6. LOCK RING
7. SPACER
8. CLUTCH
9. ARMATURE

10. FIELD HOUSING
11. BRUSH
12. BRUSH SPRING
13. BRUSH HOLDER
14. COVER

1

2

3
4

5

6
7

8

9

10

11

12

13

14

3

5

11

Assembly And Installation (See FIGURE 5.)

1. Install the clutch assembly on the armature shaft. See
FIGURE 5. Install the retainer and snap ring to hold the
clutch assembly on the armature shaft.

2. Install the lever on the clutch assembly. Install the so-
lenoid plunger on the lever. Install the armature, clutch
assembly, solenoid plunger and lever in the drive hous-
ing. Install the washer springs and spring seat for the
lever in the drive housing.

3. Install the field housing over the armature. Carefully
install the brush holder assembly in the field housing.

Make sure that the assembly is in the correct position.
Make sure that the brush leads are free.

4. Lift the brush springs and install all of the brushes. In-
stall the washers on the armature shaft. See FIGURE 5.

5. Install the end cover, the two long bolts and the two
screws that fasten the end cover.

6. Install the solenoid washers, spring and solenoid on
the drive housing using the screws. Connect the strap
from the motor to the motor terminal of the solenoid. In-
stall the washer, lock washer and nut on the motor termi-
nal. Tighten the nut.
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TROUBLESHOOTING

PROBLEM POSSIBLE CAUSE

Starter operates, but engine crankshaft does
not rotate.

Wiring connections are broken, loose or have corrosion.

Starter clutch assembly has damage.

Solenoid has damage and will not keep the clutch assembly
engaged.

Starter clutch assembly will not move freely.

Gear teeth on starter clutch assembly are damaged.

Gear teeth on ring gear are damaged.

Starter continues to run. Contacts of solenoid are welded together.

Solenoid coil has a short–circuit.

Spring that disengages the starter clutch is broken.

Key switch is damaged.

Engine will not start – no spark or weak
spark.

Distributor has damage.

Coil has damage.

Key switch has damage.

Electronic module or sensing coil has damage.

Battery does not stay charged. Battery terminals have corrosion.

Battery has damage inside the case.

Drive belt for alternator is loose.

Wiring connections are broken, loose or have corrosion.

Short–circuit between wiring connector(s).

Alternator brushes are worn.

Alternator brushes have weak springs.

Alternator has dirty slip rings.

Stator coil for alternator has a short–circuit.

Voltage regulator has damage.

Battery is charged more than necessary. Wiring connections are broken, loose or have corrosion.

Short–circuit between wiring connector(s).

Field coil in alternator has damage.
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$OZD\VFKHFN WKHJHQHUDOFRQGLWLRQRI WKHFRPSOHWHV\V�
WHP EHIRUH GRLQJ D FRPSOHWH FKHFN RQ HDFK SDUW� &KHFN
WKH JHQHUDO FRQGLWLRQ RI WKH IROORZLQJ SDUWV� ��� EDWWHU\�
��� EDWWHU\ FDEOHV DQG FRQQHFWLRQV DQG ��� DOWHUQDWRU
ZLUHV DQG FRQQHFWRUV� $OVR FKHFN WKH FRQGLWLRQ DQG WHQ�
VLRQ RI WKH GULYH EHOW IRU WKH DOWHUQDWRU�
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1(9(5RSHUDWH WKH HQJLQH LI WKHDOWHUQDWRURXWSXW%
WHUPLQDO LV QRW FRQQHFWHG WR WKH EDWWHU\�

'R QRW VKRUW��FLUFXLW RU FRQQHFW MXPSHU ZLUHV WR DQ\
RI WKH DOWHUQDWRU WHUPLQDOV XQOHVV WROG WR E\ WKH SUR�
FHGXUHV�

0DNH VXUH SRODULW\ LV FRUUHFW EHIRUH FRQQHFWLQJ D
EDWWHU\ FKDUJHU RU DQRWKHU EDWWHU\�

7KH WZR SUREOHPV RI WKH FKDUJLQJ FLUFXLW DUH ORZ RXWSXW
DQG KLJK RXWSXW� /RZ RXWSXW FDXVHV D ORZ EDWWHU\ DQG
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UHJXODWRU�
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4000 SRM 135 Safety Procedures When Working Near Mast

sure that all parts of the mast that move are
fully lowered.

OR

2. If parts of the mast must be in raised position,
install a safety chain to restrain the moving parts
of the mast. Connect moving parts to a part that
does not move. Follow these procedures:

a. Put the mast in a vertical position.

b. Raise the mast to align the bottom of the in-
ner weldment to below the anchor for the tilt
cylinders. See Figure 2.

c. Use a 12 mm (0.5 in.) minimum safety chain
with a hook to fasten the weldments together
so that the inner weldment cannot lower. In-
stall the chain on both sides of the mast.
Make sure the hooks are completely engaged
with a link in the chain.

d. Lower the mast until there is tension in the
safety chain. If the engine is running, stop
the engine. Apply the parking brake. Install
a "DO NOT REMOVE" tag on the safety
chain. Put a "DO NOT OPERATE" tag in
the operator’s compartment.

1. INNER WELDMENT 2. TILT CYLINDERS 3. HOOK

Figure 2. Mast

3



4000 SRM 135 Description

Figure 10. Displacement Cylinders

Legend for Figure 10

NOTE: OIL LEAKAGE IS NOT CONTROLLED BY
THE TORQUE ON THE PACKING GLAND. TIGHTEN
THE PACKING RETAINER TO STOP OIL LEAKS.
REPLACE CHEVRON-STYLE PACKING WHEN
PACKING RETAINER CANNOT COMPRESS PACK-
ING FURTHER TO CONTROL OIL LEAKS. DO NOT
TIGHTEN MORE THAN NECESSARY TO STOP OIL
LEAKS.

1. WIPER
2. NYLON RING
3. CHEVRON-STYLE

PACKING
4. BACK-UP RING
5. O-RING
6. ROD HEAD

7. PACKING
RETAINER

8. PACKING GLAND
9. CYLINDER SHELL
10. INLET AND

OUTLET PORT
11. WEAR RING

13



4000 SRM 135 Lift Cylinders for Vista® Masts

STEP 4.
Install a new wiper ring and spring on the retainer. Install the retainer against the packing gland nut. Lightly
hit the retainer to move against the internal threads in the cylinder shell. Use a spanner to tighten the retainer.

1. O-RING

Lift Cylinders for Vista® Masts
DESCRIPTION

All lift cylinders for Vista® masts are single-action
hydraulic cylinders. The hydraulic force is applied
only in one direction. When hydraulic oil enters one
end of the lift cylinder, the hydraulic force extends
the piston rod. When the force is removed, the weight
of the carriage and inner mast causes the piston rod
to retract.

The most common maintenance problem is the repair
of oil leaks. If the bore of the shell of the lift cylinder
is damaged and cannot be repaired, the lift cylinder
must be replaced.

VISTA® two-stage, three-stage, and four-stage masts
have two main lift cylinders. The free-lift mast has
two main lift cylinders and a shorter free-lift cylin-
der. See Figure 17 and Figure 18.

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

The free-lift cylinder has a single-lip seal on the pis-
ton to prevent hydraulic oil leaks past the piston and

retainer. The piston rod is a smaller diameter than
the piston.

During operation, some hydraulic oil will leak past
the piston area to the rod end of the lift cylinder.
Small leaks are permitted if the internal leak rate
of the hydraulic system is not greater than the spec-
ification. An internal check valve is installed in the
piston of the free-lift cylinders. When the piston rod
extends, the pressure increases more quickly on any
oil in the rod end of the lift cylinder. The hydraulic oil
transfers through the check valve to the piston end of
the free-lift cylinder. This action prevents hydraulic
damage to the single lip seal and the wiper ring. See
Figure 19.

Lowering Control Valve

A lowering control valve is installed in the hydraulic
line to the bases of the lift cylinders. See Figure 20.
The lowering control valve permits easy entry of hy-
draulic oil into the cylinders, but gives a restriction
when the rods retract. This restriction controls the
maximum speed at which a load on the forks can be
lowered. The lowering control valve prevents a load

23
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INTRODUCTION

GENERAL

This section has the description and operation of the
masts. Repair procedures for the masts are described in
the section, MASTS, REPAIR, 4000 SRM 522. The
description and repairs for the tilt cylinders are de-
scribed in the section THE TIL T CYLINDERS, 2100
SRM 103.

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

There are three types of masts available:

• two–stage, limited free–lift

• two–stage, full free–lift

• three–stage, full free–lift

Each type of mast is described separately in this section.

DESCRIPTION AND OPERATION

Carriages (See FIGURE 1.)

The carriage is a part of the mast assembly and moves
within the vertical channels of the inner weldment. Load
rollers, attached to the carriage, travel in the channels of
the inner weldment. Forks or other types of load han-
dling equipment are attached to the carriage. A load
backrest extension is attached to the carriage and adds
support for a load that has multiple pieces.

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

FIGURE 1. CARRIAGES

1. STANDARD CARRIAGE
2. TOP BAR
3. TOP BUSHING
4. CYLINDER MOUNTING BRACKET
5. BOTTOM BUSHING
6. SIDE–SHIFT CYLINDER

2
31

4

5

6

7

7. BOTTOM BAR
8. FORKS
9. LOAD BACKREST

EXTENSION

8

1

9

Side–shift Carriage

Standard Carriage
with Forks

9
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fork removal notch. See FIGURE 2. Lower the carriage
further so that the top hook of the fork is disengaged
from the top carriage bar. Move the carriage away from
the fork, or use a lifting device to move the fork away
from the carriage.

FIGURE 1. REMOVE A HOOK FORK

ÉÉÉ
ÉÉÉ

ÉÉÉ
ÉÉÉ

1

3

2

1. CARRIAGE
BARS

2. HOOK FORK
3. BLOCKS

Installation

Move the fork and carriage so that the top hook on the
fork can engage the upper carriage bar. Raise the car-
riage to move the lower hook through the fork removal
notch. Slide the fork on the carriage so that both upper
and lower hooks engage the carriage. Engage the lock
pin with a notch in the upper carriage bar.

CARRIAGES

Removal, Standard Carriage
(See FIGURE 2. and FIGURE 3.)

1. Put a one–quarter capacity load on the forks. The load
must give the carriage stability so that the carriage can-
not fall when it is disconnected from the mast.

2. Lower the carriage and forks on blocks so that the lift
chains become loose.

WARNING
When disconnecting the lift chains, keep control of
the ends. Use wire to temporarily connect the ends of
the lift chains to the mast. This procedure will pre-
vent the lift chains from falling fr om the sheaves and
causing an injury or damage.

3. Remove the pin from each chain anchor at the car-
riage. Disconnect the lift chains from the carriage. Use
wire to connect the ends of the lift chains to a part of the
mast. Make sure the chains can move freely when the in-
ner weldment is raised.

WARNING
Make sure that the carriage has stability when the in-
ner weldment is above the load rollers of the car-
riage.

FIGURE 2. CARRIAGE AND FORKS

5

1

3

1. FORKS
2. CARRIAGE
3. LOAD BACKREST 

EXTENSION
4. FORK REMOVAL NOTCH
5. LOCK PIN ASSEMBLY

6

2 7

8

1

5

4

6. LEVER
7. WASHER
8. SPRING
9. PIN

8

9

6

7

9
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2. Clean the lift chains with solvent. Remove all dirt and
grease. Inspect the lift chains for wear or damage. The
lift  chains must be installed on the mast before they can
be checked for length. A lift chain becomes longer when
it is worn. If a chain is 3% longer than a new lift chain,
the lift chain must be replaced. If a chain scale is avail-

able, check the lift chain as shown in FIGURE 11. If a
chain scale is not available, measure 20 links of the lift
chain. Compare the measurement with the lengths given
in FIGURE 11. Lubricate the chains with SAE 30 en-
gine oil. The best procedure is to soak them in engine oil.

FIGURE 10. THREE–STAGE, FULL FREE–LIFT MAST H/S/E/J2.00–3.20XM (H/S/E/J40–65XM) and
S/E/J2.00–3.00XL (S/E/J40–60XL) (1 Of 2)

1. OUTER WELDMENT
2. LOAD ROLLER
3. SHIM
4. SNAP RING
5. O–RING
6. SHIM(S)
7. STRIP BEARING
8. WASHER

1

2
3 4 5 6 7

4

13

13

12

11

14
15

5

8

2

3

4

13

23

22

21

20

19

18

17

16

20

4

2

10

19. HOSE SHEAVE
20. CHAIN ANCHOR
21. INNER WELDMENT
22. FREE–LIFT CYLINDER
23. CYLINDER BRACKET

9. MAIN LIFT CYLINDER
10. LIFT CHAIN
11. STAR WASHER
12. SPRING
13. LOWERING CONTROL

VALVE (INTERNAL)
14. HOUSING
15. LOWERING CONTROL

 VALVE (EXTERNAL)
16. CHAIN SHEAVE
17. INTERMEDIATE WELDMENT
18. FREE–LIFT CYLINDER HOSE
19. HOSE SHEAVE
18. FREE–LIFT CYLINDER HOSE

9

6

3
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* METRIC FORMULAS (ALL DIMENSIONS ARE IN MILLIMETERS)

@ DIMENSION “E” = (0.985 x Z) + (0.985 x Y) + 244

# DIMENSION “E” = (0.985 x Z) + (0.985 x Y) + 220

% DIMENSION “E” = (0.985 x Z) + (0.985 x Y) + 283

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

@ H2.00–2.50XM (H40–50XM)
# H3.00–3.20XM (H60–65XM)

J2.00–3.00XL (J40–60XL)
% E2.00–3.20XM (E40–65XM)

S/E2.00–3.00XL (S/E40–60XL)

EXAMPLE: DIMENSION “E” = (0.985 x Z) + (0.985 x Y) + 244

STEP 1. DIMENSION “E” = (0.985 x 135) + (0.985 x 2290) + 244

STEP 2. DIMENSION “E” = 133 + 2255.7 + 244

STEP 3. DIMENSION “E” = 2388.7 + 244

STEP 4. DIMENSION “E” = 2633

* INCH FORMULAS (ALL DIMENSIONS ARE IN INCHES)

@ DIMENSION “E” = (0.985 x Z) + (0.985 x Y) + 9.6

# DIMENSION “E” = (0.985 x Z) + (0.985 x Y) + 8.7

% DIMENSION “E” = (0.985 x Z) + (0.985 x Y) + 11.1

EXAMPLE: DIMENSION “E” = (0.985 x Z) + (0.985 x Y) + 9.6

STEP 1. DIMENSION “E” = (0.985 x 5.3) + (0.985 x 90.0) + 9.6

STEP 2. DIMENSION “E” = 5.2 + 88.7 + 9.6

STEP 3. DIMENSION “E” = 93.9 + 9.6

STEP 4. DIMENSION “E” = 103.5

FIGURE 19. HEADER HOSE MEASUREMENT – TWO–STAGE LIMITED FREE–LIFT MAST

12841

2

DIMENSION “E”

1. VISE
2. HOSE

1

12844

Z

Y

BOTTOM OUTER CHANNEL

GROUND LEVEL

TOP OUTER CHANNEL
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FIGURE 27. HEADER HOSE ALIGNMENT – THREE–STAGE FULL FREE–LIFT MAST (1 OF 3)

1. SHEAVE, FREE–LIFT
2. HOSE
3. HOSE GUIDE

FORKS

FRONT VIEW A B C D

1

2

3

12841

=  HOSE “A”

=  HOSE “B”

=  HOSE “C”

=  HOSE “D”

MARK “G” ON HOSES “A”
AND “D” IS ALIGNED AT
THE BOTTOM OF THIS
CLAMP .MARK “G” ON
HOSES “B” AND “C” IS
ALIGNED AT THE TOP

OF THE CLAMP 
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OLD STYLE

FIGURE 32. HEADER HOSES – TWO–STAGE FULL FREE–LIFT MAST

1. CHANNEL
2. CHANNEL
3. HOSE, HEADER
4. CLAMP, STRAP
5. CLAMP
6. CLAMP
7. CLAMP
8. CLIP
9. FITTING

19. SNAP RING
20. CLAMP, STRAP
21. TUBE
22. CLAMP
23. CLAMP
24. FITTING
25. HOSE, COWL
26. CLAMP, STRAP
27. CHAIN, FREE–LIFT
28. GUARD

ALIGN MARK “E” AT
THE BOTTOM OF

THIS CLAMP

10. CLAMP
11. BRACKET
12. BRACKET, FREE–LIFT
13. CAPSCREW
14. BRACKET, CARRIAGE
15. CLAMP
16. CAPSCREW
17. NUT
18. HOSE GUIDE
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2

13
10

5

3
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19 18
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23

23

23

4

16

17

15

16

25

25

1

20

11

7

13
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7
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2. Adjust the main lift chains for the three–stage mast as
follows:

a. Adjust the chain anchors at the main lift cylinders
so that the top of the inner weldment is even with
the top of the outer weldment within +1.5mm
(+0.06 in).

b. Adjust the chain for the carriage as described in
step 1.

3. When the chain adjustments are complete, make sure
that the threads on the nuts of the chain anchors are com-
pletely engaged. Make sure that all of the adjustment is
not removed from the chain anchors. The chain anchors
must be able to move in their sockets. See FIGURE 38.
Lower the mast completely and put a capacity load on
the forks. Tilt the mast fully backward and check the
amount that the bottom carriage load roller extends be-
low the inner channel. When adjustments are correct, no
more than one–third of the roller will be visible.

FIGURE 38. LIFT CHAIN ADJUSTMENTS

1. TILT MAST FULLY BACKWARD
2. CARRIAGE ROLLER
3. FORK
4. CARRIAGE ROLLER MUST NOT

EXTEND MORE THAN 1/3 OF ROLLER
DIAMETER BELOW INNER MAST
CHANNEL

1

2

3

4

4691

ADJUST THE MAST (See FIGURE 39.)

NOTE:  Shims are installed on both sides of the load
rollers. Do not add or remove shims from the stub shafts.
To change the position of the roller on the stub shaft,
move the shims from one side of the load roller to the
other.

During assembly, the shim arrangement will be approxi-
mately the same as before disassembly. Check the clear-
ance and adjust for wear or change because of repairs.

1. The load rollers control the alignment of the mast
weldments. The alignment conditions are given on a list
below with the most important condition first. See
FIGURE 39.

a. The weldments must be parallel to each other.

b. Use shims to adjust the load rollers so that there is
zero clearance between the load roller and the channel
at the point of tightest fit.

c. The number of shims under a load roller must be
approximately the same as the stub shaft in the oppo-
site side of the weldment. The weldments will be ap-
proximately in the center.

2. Adjust the load rollers on the mast as follows:

a. Use a prybar to move the weldments from side–to–
side to measure the amount of movement. Repeat this
step in a minimum of three different positions (top,
middle, bottom) of the weldments.

b. Separate the weldments and change the shim ar-
rangements as needed. Assemble the weldments.
Slide the weldment all the way to the top and bottom to
find the tightest fit.

c. Repeat steps a and b until there is zero clearance at
the point of tightest fit.

d. Measure the distance between the channels of the
weldments on the top and bottom. Change shims to
keep the distance equal between the top and bottom of
the weldments. Also make sure that the weldments are
parallel within 1.5 mm (0.060 in).

3. Adjust the strip bearings. Insert shims between the
strip bearing and the channel. Adjust the strip bearings
so that the maximum clearance at the point of tightest fit
is 0.8 mm (0.030 in). See FIGURE 12.



General 8000 SRM 231

FASTENER TORQUE TABLES

Table 5. Torque Values for Metric Fasteners*

Property Class
5.8 1

Grade
8.8 2

Grade
10.9 3

Size and Pitch
N•m lbf ft N•m lbf ft N•m lbf ft

M3 × 0.5
M3.5 × 0.6
M4 × 0.7
M5 × 0.8
M6 × 1

0.62
0.97
1.44
2.91
4.94

0.5
0.7
1.1
2.1
3.6

0.99
1.55
2.30
4.65
7.90

0.7
1.1
2.1
3.6
6

1.34
2.11
3.13
6.33
10.8

1.0
1.6
2.3
4.7
8

M8 × 1.25
M8 × 1

M10× 1.5
M10 × 1.25

12.0
12.8
23.8
25.1

9
9
18
19

19.2
20.5
38.0
40.1

14
15
28
30

26.1
27.9
52
55

19
21
38
41

M12 × 1.75
M12 × 1.25

M14 × 2
M14 × 1.5

41.4
45.3
66
72

31
33
49
53

66
72
105
115

49
53
77
85

90
98
145
155

66
72
105
115

M16 × 2
M16 × 1.5
M20 × 2.5
M20 × 1.5

105
110
200
225

77
81
150
165

165
175
320
355

122
130
235
260

225
240
435
485

165
175
320
360

M24 × 3
M24 × 2
M27× 3
M27 × 2

345
375
505
550

255
275
370
405

555
605
810
875

410
445
600
645

755
820

1,100
1,190

560
605
810
880

M30 × 3.5
M30 × 3
M30 × 2

M33 × 3.5
M33 × 2

690
715
765
940

1,030

510
530
565
695
760

1,100
1,140
1,220
1,500
1,640

810
840
900

1,100
1,210

1,500
1,550
1,660
2,040
2,240

1,100
1,140
1,230
1,510
1,660

M36 × 4
M36 × 3
M39× 4
M39 × 3

1,200
1,280
1,560
1,640

885
945

1,150
1,210

1,930
2,040
2,490
2,630

1,430
1,510
1,840
1,940

2,620
2,780
3,390
3,570

1,940
2,050
2,500
2,640

M42 × 4.5
M42 × 3

M45 × 4.5
M45 × 3
M48 × 5
M48× 3

1,930
2,070
2,410
2,580
2,900
3,160

1,430
1,530
1,780
1,910
2,140
2,330

3,080
3,320
3,850
4,120
4,630
5,040

2,280
2,450
2,840
3,040
3,420
3,720

4,200
4,510
5,240
5,610
6,300
6,860

3,100
3,330
3,870
4,140
4,650
5,060

* Unless otherwise specified
1 Approximately equal to Grade 2
2 Approximately equal to Grade 5
3 Approximately equal to Grade 8
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8000 SRM 531 General

General
This section contains a Maintenance Schedule and
the instructions for maintenance and inspection.

The Maintenance Schedule has time intervals for in-
spection, lubrication, and maintenance for your lift
truck. The service intervals are given in both oper-
ating hours recorded on the lift truck hourmeter and
in calendar time. Use the interval that comes first.

The recommendation for the time intervals is for 8
hours of operation per day. The time intervals in the
Maintenance Schedule must be decreased for the fol-
lowing conditions:
• The lift truck is used more than 8 hours per day.
• The lift truck must work in dirty operating condi-
tions.

Your dealer for Hyster lift trucks has the equipment
and trained service personnel to do a complete pro-
gram of inspection, lubrication, and maintenance. A
regular program of inspection, lubrication, andmain-
tenance will help your lift truck provide more effi-
cient performance and operate for a longer period of
time.

WARNING
Do not make repairs or adjustments unless you
have both authorization and training. Repairs
and adjustments that are not correct can make
a dangerous operating condition.

Do not operate a lift truck that needs repairs.
Report the need for repairs immediately. If re-
pair is necessary, put a DO NOT OPERATE tag
in the operator’s area. Remove the key from
the key switch.

Some users have service personnel and equipment
to do the inspection, lubrication, and maintenance
shown in the Maintenance Schedule. Service Man-
uals are available from your dealer for Hyster lift
trucks to help users who do their own maintenance.

SERIAL NUMBER
The serial number for the lift truck is on the name-
plate. It is also on the rear of the base frame (two
lines) in front of the steering tire, on the right-hand
side.

HOW TO MOVE DISABLED LIFT TRUCK

How to Tow Lift Truck

WARNING
Use extra caution when towing a lift truck if
any of the following conditions exist:
• Brakes do not operate correctly.
• Steering does not operate correctly.
• Tires are damaged.
• Traction conditions are bad.
• The lift truck must be towed on a slope.

If the engine cannot run, there is no power
available for the hydraulic steering system.
This condition can make the lift truck difficult
to steer. Poor traction can cause the disabled
lift truck or towing vehicle to slide. A slope
will also make the lift truck more difficult to
stop.

Never lift and move a disabled lift truck unless
the disabled lift truck MUST be moved and
cannot be towed. A lift truck used to move
a disabled lift truck MUST have a capacity
rating equal to or greater than the weight of
the disabled lift truck. The capacity of the lift
truck used to move a disabled lift truck must
have a load center equal to half the width of
the disabled lift truck. See the nameplate of
the disabled lift truck for the approximate
total weight. The forks must extend the full
width of the disabled lift truck. Put the weight
center of the disabled lift truck on load center
of the forks. Be careful not to damage the
underside of the lift truck.

1. The towed lift truck must have an operator.

2. Raise the carriage and forks approximately
30 cm (12 in.) from the surface. Install a chain
to prevent the carriage and mast channels from
moving.

3. If another lift truck is used to tow the disabled
lift truck, that lift truck must have an equal or
larger capacity than the disabled lift truck. In-
stall approximately 1/2 of a capacity load on the
forks of the lift truck that is being used to tow the
disabled lift truck. This 1/2-capacity load will in-
crease the traction of the towing lift truck. Keep
the load as low as possible.

1



8000 SRM 531 Maintenance Procedures Every 8 Hours or Daily

Maintenance Procedures Every 8 Hours or Daily
HOW TO MAKE CHECKS WITH ENGINE
STOPPED

WARNING
Do not operate a lift truck that needs repairs.
Report the need for repairs immediately. If re-
pair is necessary, put a DO NOT OPERATE tag
in the operator’s area. Remove the key from
the key switch.

CAUTION
Disposal of lubricants and fluids must meet lo-
cal environmental regulations.

Put the lift truck on a level surface. Lower the car-
riage and forks, stop the engine, and apply the park-
ing brake. Do all the checks outside the engine com-
partment first. Open the hood and check for leaks
and conditions that are not normal. Clean any oil
or fuel spills. Make sure that lint, dust, paper, and
other materials are removed from the engine com-
partment.

Tires and Wheels

WARNING
Air pressure in pneumatic tires can cause tire
and wheel parts to explode. The explosion of
wheel parts can cause serious injury or death.

Remove all of the air from the tires before the
tires are removed from the lift truck.

If the air pressure is less than 80% of the cor-
rect air pressure, the tire must be removed be-
fore air is added. Put the tire in a safety cage
when adding air pressure to the tire. Follow
the procedures described in Add Air to Pneu-
matic Tires.

When air is added to the tires, use a remote air
chuck. The person adding air must stand away
and to the side and not in front of the tire.

If the lift truck has pneumatic tires, keep the tires at
the correct air pressure. See the Nameplate. Check
the air pressure with a gauge when the tires are cold.
See Figure 3. If it is necessary to add air to a tire that
is warm, check one of the other tires on the same axle
and add air to the tire that has low pressure so that
the air pressures are equal. The air pressure of the
warm tires must always be equal to or greater than
the specification for air pressure for cold tires.

Check the tires for damage. Inspect the tread and
remove any objects that will cause damage. Check
for bent or damaged rims. Check for loose or missing
parts. Remove any wire, straps, or other material
wrapped around the axle.

1. CHECK FOR DAMAGE (REMOVE NAILS, GLASS, AND OTHER OBJECTS FROM TREAD)
2. MAKE SMOOTH EDGES
3. CHECK TIRE PRESSURE (PNEUMATIC TIRES)

Figure 3. Tires Check

11



8000 SRM 531 Maintenance Procedures Every 250 Hours or 6 Weeks

6. Check that the controls for the attachment op-
erate the functions of the attachment. See the
symbols by each of the controls. Make sure all of

the hydraulic lines are connected correctly and
do not leak.

Maintenance Procedures Every 250 Hours or 6 Weeks
NOTE:Do these procedures in addition to the 8-hour
checks.

PARKING BRAKE LINKAGE
Lubricate the linkage for the parking brake using a
small amount of engine oil.

ENGINE FILTER AND OIL

Oil Filter and Oil
NOTE: Change the oil and filter at the first 100
hours with new or rebuilt engines. Use only the
hourmeter hours.

CAUTION
Long-term exposure to used engine oil can
cause skin irritation or cancer. Wash with
detergent and water.

Never operate the engine without oil.

Change the oil filter at the same time engine oil is
changed. See Figure 9. Use the correct oil as shown
in the Maintenance Schedule. Install a new filter.
Apply clean oil to the gasket of the new filter. Turn
the filter until the gasket touches; then tighten 1/2
to 3/4 turn with your hand. Start the engine. Check
the area around the oil filter for leaks.

Air Filter
There is an indicator light on the instrument cluster
for the air filter. The red light is ON when the key
switch is in the START position and must go OFF
when the engine is running. If the light is ON when
the engine is running, the air filter has a restriction
and needs cleaning.

Inspect the filter element. Put a bright light in-
side the filter element and look for holes or other
damage. If the filter element is damaged, install a

new filter element. See Figure 14. Use a cloth with
solvent to clean the inside of the canister when the
filter element is installed.

Clean or install a new air filter when it is dirty. Use
compressed air to clean the filter element. Air pres-
sure must be less than 210 kPa (30 psi) and the air
must be dry. Apply the air from the inside to the out-
side of the filter element. Install a new air filter ev-
ery 1000 hours or 6 months of operation. If there is
a problem with dirty air in the operating areas, the
air filter must be changed more frequently than 1000
hours.

1. CANISTER
2. FILTER ELEMENT
3. SEAL
4. CLAMP

5. WING NUT
6. BAFFLE
7. END COVER

Figure 14. Air Filter

Gasoline and LPG Fuel Filters
NOTE: Change the fuel filter at the first 100 hours
on a new lift truck. Use only the hourmeter hours.
See Maintenance Procedures Every 1000 Hours or 6
Months for the procedures to change the filters.
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b. If the measurement is less than 1.00 mm
(0.0394 in.), move the injection pump in the
direction opposite of engine rotation as far
as it will move. Move the injection pump in
the opposite direction until the indication is
1.00 mm (0.0394 in.).

4. Tighten the mounting nuts for the injection
pump. Repeat the timing procedure to make
sure the timing is correct.

5. Remove the dial indicator and install the cap-
screw in the distributor head. Connect the fuel
lines to the injection pump.

6. Remove the air from the fuel system.

VALVE CLEARANCE, CHECK AND
ADJUST
Check the valve clearance on the Mazda engines and
make adjustments as needed.

NOTE: Additional information on the engines can be
found in the following sections of the Service Man-
ual:
• Mazda M4-1.5G Engine 600 SRM 537
Mazda M4-2.0G Engine 600 SRM 496

• Mazda M4-2.5D Engine 600 SRM 538

Maintenance Procedures Every 2000 Hours or Yearly
NOTE: Do these procedures in addition to the 1000-
hour checks.

THROTTLE CABLE
Install a new throttle cable every other year or every
4000 hours. See the Service Manual section for the
Fuel System to install a new throttle cable.

DIFFERENTIAL
Change the oil in the differential and drive axle. The
differential and drive axle use the same oil supply.
Use a drain pan that has a capacity of more than
the amount shown in the Maintenance Schedule. Re-
move the drain plug and allow the oil to drain. The
drain plug is at the bottom of the differential, so allow
time for the oil to drain. Install the drain plug and
fill the differential with the oil shown in the Mainte-
nance Schedule. The oil level must be even with the
bottom of the fill hole. The fill hole is on the front
of the differential housing. Install the fill plug and
check for leaks.

NOTE: Additional information can be found in the
section forDrive Axle 1400 SRM 542 in the Service
Manual.

HYDRAULIC SYSTEM
NOTE: Change the oil filter for the hydraulic system
at the first 100 hours of operation on new lift trucks.

Hydraulic Oil and Filter, Replace

WARNING
At operating temperature, the hydraulic oil is
HOT. Do not permit the oil to touch the skin and
cause a burn.

CAUTION
Do not permit dirt to enter the hydraulic sys-
tem when the oil level is checked or the filter
is changed. Dirt can cause damage to compo-
nents of the hydraulic system.

1. Put the lift truck on a level surface and lower
the carriage. Disconnect the small hose, near the
dipstick, for the steering system. Disconnect the
larger hose, in front of the breather and fill tube.

2. Drain the oil from the hydraulic tank. Install a
container under the drain plug that has a capac-
ity of approximately 30 liter (9 gal). Remove the
drain plug.

3. Remove the screws that fasten the tank cover as-
sembly. Carefully lift the cover assembly out of
the hydraulic tank.

4. Remove the return filter from the tube of the
cover assembly. Use a wrench to remove the suc-
tion filter in the bottom of the hydraulic tank.

5. Install new filters and use a new gasket for the
cover assembly. Install the capscrews and con-
nect all hydraulic hoses. Install the drain plug.
See Figure 28.
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Service Brake Check
WARNING

Brake linings can contain dangerous fibers.
Breathing dust from these brake linings is
a cancer or lung disease hazard. Do not
create dust! Do not clean brake parts with
compressed air or by brushing. Follow the
cleaning procedure in this section. When
brake drums are removed, do not create dust.

Do not sand, grind, chisel, hammer, or change
linings in any way that will create dust. Any
changes to brake linings must be done in a re-
stricted area with special ventilation. Protec-
tive clothing and a respirator must be used.

Check brake lining and parts of brake assembly for
wear or damage. See the section Brake System
1800 SRM 540 for removal and installation proce-
dures of drive wheels and brake drums. If brake lin-
ings or brake shoes are worn or damaged, they must
be replaced. Brake shoes must be replaced in com-
plete sets. Inspect brake drums for cracks or dam-
age. Replace any damaged parts.

Cleaning Procedures:

1. Do not release brake lining dust from brake lin-
ings into air when brake drum is removed.

CAUTION
Do not use an oil solvent to clean wheel cylin-
der. Use a solvent approved for cleaning of
brake parts. Do not permit oil or grease in
brake fluid or on brake linings.

2. Use a solvent approved for cleaning of brake
parts to wet lining dust. Follow instructions and
cautions of manufacturer for use of solvent. If a
solvent spray is used, do not create brake lining
dust with spray.

3. When brake lining dust is wet, clean parts. Put
any cloth or towels in a plastic bag or an airtight
container while they are still wet. These vari-
ations in the tires also cause a variation in the
types of wheels and the disassembly and assem-
bly procedures. Put a DANGEROUS FIBERS
warning label on plastic bag or airtight container.

4. Any cleaning cloths that will be washed must be
cleaned so that fibers are not released into air.

Diesel Engine Fuel Injector Check
WARNING

Do not put your hands on fuel lines under pres-
sure. Fuel oil can be injected into your body by
the hydraulic pressure.

NOTE: The inspection and repair of fuel injectors re-
quire special tools and training. Many users have a
special repair service make repairs on fuel injectors.
Fuel injector nozzles that do not operate correctly
will cause black smoke in the exhaust, a decrease in
engine power, and an increase in engine noise.

The engine will run roughly if a fuel injector is dirty
or damaged. To find which fuel injector has a prob-
lem, operate the engine at approximately 1000 rpm.
Loosen and tighten the connection to the inlet of each
fuel injector in a sequence. When the connection to
the bad fuel injector is loosened, there will not be a
change in the engine speed.

NOTE: Additional information about the diesel en-
gine can be found in the sectionMazdaM4-2.5D En-
gine 600 SRM 538 of the Service Manual.
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Remove Tire From Wheel

WARNING
Keep tire tools in firm contact with wheel. If tool slips, it can move with enough force to cause
serious injury.

When disassembling wheels, see Figure 36. There are several types of wheels used on these series of lift trucks.

WARNING
Wheels must be changed and tires repaired by trained personnel only.

Always wear safety glasses.

STEP 1.
Put wheel rim on bed of press. Put cage in position
on tire. Use press to push tire away from side flange.

STEP 2.
Put tire tool into slot between lock ring and wheel
rim. Remove lock ring and side flange.

STEP 3.
Turn tire over. Put a support under wheel rim. Make
sure wheel rim is at least 150 to 200 mm (6 to 8 in.)
from bed of press.
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