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HYDRAULIC CLUTCH SYSTEM DESCRIPTION

1. HYDRAULIC CLUTCH SYSTEM DESCRIPTION

1. RESERVOIR CAP
2. RESERVOIR

3. MASTER CYLINDER
4. CLUTCH PEDAL

Figure 1 Hydraulic Clutch System

The hydraulic clutch system is a group of components that utilizes hydraulic fluid to interrupt power flow between
the engine and driveline at the clutch assembly. The driver depresses the clutch pedal to disengage the clutch
and interrupt power transfer to the transmission, driveline, and drive wheels, but allows the engine to continue
turning. The driver releasing the clutch pedal reengages the clutch and transfers power from the engine to the
transmission input shaft and driveline. The clutch and clutch actuation system are designed to provide smooth
engagement of engine power, allowing the driver to control vehicle speed through gear selection.

This manual provides detailed instructions on service procedures for the clutch and clutch system needed to
maintain vehicle performance for the life of the vehicle.
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HYDRAULIC CLUTCH SYSTEM DESCRIPTION CLUTCH PEDAL

1.1. CLUTCH PEDAL

The clutch pedal is connected to the hydraulic master cylinder by cross shaft, bell crank and push rod
components assembled to the driver control module. When the clutch pedal is depressed, fluid pressure is
built up in the master cylinder forcing fluid into the clutch clutch servo, which causes the clutch release fork to
move. The release fork and release bearing compress the pressure springs of the clutch to disengage the
clutch disc. When the clutch pedal is released, fluid pressure is relieved from the hydraulic clutch system
allowing the clutch spring to force release fork and release bearing to return to position engaging the clutch
disc. Springs in the master cylinder and pedal linkage assist the pedal return.

NOTE – Technicians must verify which clutch type the vehicle is equipped with to determine required
service.

Clutch pedal free play is the travel the pedal makes before any action takes place. Clutch pedal free play
cannot be used as an indicator for clutch adjustment with the hydraulic clutch actuation system. For vehicles
with manual adjusted clutch, Eaton’s “Easy Pedal EP1552”:

• Recommended inspection interval for release bearing position – 32,000 km (20,000 miles). Release
bearing to clutch brake gap set at 12.7 mm – 14.3 mm (0.50” – 0.56”)

• Recommended lubrication interval - 32,000 km (20,000 miles)

1.2. MASTER CYLINDER

The clutch master cylinder provides pressure for system operation. When pedal force is applied to the clutch
master cylinder, the piston displaces hydraulic fluid in the chamber of the master cylinder. Further piston travel
allows fluid to be forced through the hydraulic hose to the air assist servo located at the transmission. When
pedal force is released, the clutch master cylinder is returned to its initial position by a spring.

1.3. RESERVOIR

The reservoir is remotely mounted from the master cylinder in a location accessible for service. The reservoir
(Figure 1, Item 2) supply hose should maintain a downward slope from the reservoir to allow trapped gases
and/or trapped bubbles to be released from the clutch master cylinder. The reservoir includes a fluid level
indicator where MIN/MAX is indicated on the reservoir. The fill cap includes a vent to allow trapped air
to escape.

2 S11018
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AIR ASSIST SERVO AND SLAVE CYLINDER HYDRAULIC CLUTCH SYSTEM DESCRIPTION

1.4. AIR ASSIST SERVO AND SLAVE CYLINDER

NOTE – ProStar®+ vehicles will be equipped with one of the following, depending on application; Air
Assist Servo or Slave Cylinder.

1. MASTER CYLINDER
2. TRANSMISSION
3. HYDRAULIC HOSE

4. SLAVE CYLINDER
5. CLUTCH HOUSING

Figure 2 Slave Cylinder

The slave cylinder is rigidly attached to the clutch housing. When the master cylinder directs fluid to the slave
cylinder, the piston in the slave cylinder moves the pushrod out against the release fork. Since the release
bearing is connected to the release fork, the force is transmitted to the pressure spring of the clutch, and
the clutch is then disengaged.
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HYDRAULIC CLUTCH SYSTEM DESCRIPTION HYDRAULIC HOSE

1. TRANSMISSION
2. HYDRAULIC HOSE
3. AIR LINE

4. AIR ASSIST SERVO
5. CLUTCH HOUSING

Figure 3 Air Assist Servo

If equipped, the air assist servo is used in place of the slave cylinder to reduce the pedal effort needed to
actuate the clutch. The Air Assist Servo has a hydraulic inlet, air inlet, and air exhaust valve. The air assisted
servo requires an air supply between 90 to 130 psi (6.2 to 9.0 bar) from the vehicle air supply reservoir. The air
assist servo should be rigidly attached to the clutch housing. When the clutch master cylinder directs fluid to
the air assist servo, the piston in the air assist servo moves the pushrod out against the release fork. Since the
clutch release bearing is connected to the clutch release fork, the force is transmitted to the pressure spring of
the clutch, and the clutch is then disengaged. The air assist shall be able to actuate (disengage) the clutch
with increased pedal effort when loss of air pressure is experienced.

1.5. HYDRAULIC HOSE

The hydraulic hose materials are compatible with DOT 3 and DOT 4 brake fluid. Inspect hydraulic hoses
regularly to ensure hydraulic hoses show no signs of wear or leaks. If hydraulic hoses have leaks present or
are unserviceable, replace hydraulic hose.
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BLEEDER VALVE HYDRAULIC CLUTCH SYSTEM DESCRIPTION

WARNING

Use only approved hydraulic fluid (DOT 3 or DOT 4 brake fluid) in the clutch hydraulic
system. Do not mix different types of hydraulic clutch fluid. The wrong fluid will damage
the rubber parts of the system, causing loss of clutch function and risk of serious
personal injury or death. Failure to follow this warning could result in personal injury
or death.

WARNING

Hydraulic fluid (DOT 3 or DOT 4 brake fluid) is hazardous. It may be a skin irritant and
can cause blindness if it gets in the eyes. Always wear safety glasses when handling
hydraulic fluid or bleeding hydraulic lines. If hydraulic fluid comes into contact with skin,
wash it off as soon as possible. Failure to follow this warning could result in personal
injury or death.

CAUTION

To prevent damage to painted surfaces, do not spill hydraulic fluid (DOT 3 or DOT 4
brake fluid) on any painted surface. Clean surface off immediately if any hydraulic fluid
is spilled. Hydraulic fluid/brake fluid can damage paint.

1.6. BLEEDER VALVE

The bleeder valve is located on the air assist servo/slave cylinder and is utilized to release trapped air that is in
the hydraulic clutch system. The hydraulic clutch system must be bled whenever a component in the hydraulic
clutch system has been replaced, or has been opened, allowing air to enter the system.

S11018
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REMOVE AND INSTALL PROCEDURES BLEEDER VALVE

2. REMOVE AND INSTALL PROCEDURES

WARNING

To prevent personal injury or death, park the vehicle on a flat, level surface. Make sure
the engine ignition is in the OFF position and the transmission is in neutral. Set the
parking brake, chock the wheels, and disconnect the batteries at the negative terminal
before doing any service procedures on the engine or vehicle.

WARNING

A jack must never be used alone to support a vehicle while underchassis service is being
performed. The jack may lower and serious personal injury could result. Always support
vehicle with floor stands. Failure to follow this warning could result in personal injury or
death.

NOTE – Before performing any work on the hydraulic clutch and/or hydraulic clutch components, be
sure to perform these basic procedures:

1. Park the chassis on a flat, level surface.

2. Place transmission in neutral.

3. Set the parking brake.

4. Turn off ignition.

5. Install wheel chocks.

6. Disconnect the battery.
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RESERVOIR REMOVE AND INSTALL PROCEDURES

2.1. RESERVOIR

Reservoir – Removal

1. FILL CAP
2. NUT
3. SUPPLY HOSE

4. BOLT
5. RESERVOIR
6. FILL CAP GASKET

Figure 4 Reservoir

NOTE – Bleed hydraulic system prior to removing reservoir. Refer to HYDRAULIC FLUID CHANGING
AND SYSTEM BLEEDING section for proper bleeding procedures.

1. Remove the reservoir fill cap.

2. Drain hydraulic fluid from the reservoir.

3. Remove hose clamp and disconnect supply hose from reservoir.

4. Remove two nuts and two bolts from reservoir and remove reservoir.

Reservoir – Installation

1. Install reservoir and secure with two nuts and two bolts (Figure 4, Items 2, 4, and 5). Torque nuts to 7 to
8 lbf-ft (9 to 11 N•m).

2. Connect supply hose to reservoir and secure with hose clamp (Figure 4, Items 3 and 5).

3. Fill reservoir using DOT 3 OR DOT 4 brake fluid.

4. Place fill cap on reservoir, ensuring fill cap gasket is installed and tighten fill cap (Figure 4, Items 1 and 6).

5. Bleed hydraulic system to ensure air is free from the system. Refer to HYDRAULIC FLUID CHANGING
AND SYSTEM BLEEDING section for proper bleeding procedures.
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REMOVE AND INSTALL PROCEDURES CLUTCH MASTER CYLINDER

2.2. CLUTCH MASTER CYLINDER

Clutch Master Cylinder – Removal

1. Remove the reservoir fill cap (Figure 4, Item 1).

1. SPACER SEAL
2. BOLT
3. CLUTCH PEDAL BRACE
4. CLUTCH MASTER CYLINDER
5. CLEVIS

6. CLEVIS PIN
7. HAIRPIN
8. CLUTCH PEDAL
9. PUSHROD

Figure 5 Clutch Master Cylinder

2. Remove hose clamp from supply hose going to reservoir and disconnect supply hose from clutch master
cylinder (Figure 6, Items 2, 3, and 8)).

3. Drain hydraulic fluid from the reservoir (Figure 4, Item 5).

4. Disconnect hydraulic hose going to air assist servo/slave cylinder from clutch master cylinder (Figure 6,
Items 1 and 2).

5. Disconnect piston rod on the clutch pedal by removing the hairpin from the clevis pin and removing
clevis pin.

6. Remove two bolts from clutch master cylinder.

7. Remove clutch master cylinder with spacer seals.

8 S11018
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CLUTCH MASTER CYLINDER REMOVE AND INSTALL PROCEDURES

Clutch Master Cylinder – Installation

1. Install clutch master cylinder with spacer seals and secure with two bolts (Figure 5, Items 1, 2, and
4). Torque bolts to 15 to 18 lbf-ft (20 to 25 N•m).

1. HYDRAULIC HOSE (TO
AIR ASSIST SERVO/SLAVE
CYLINDER)

2. CLUTCH MASTER CYLINDER
3. HOSE CLAMP

4. ADJUSTMENT NUT
5. CLEVIS
6. PUSHROD
7. RUBBER BOOT
8. SUPPLY HOSE (TO RESERVOIR)

Figure 6 Master Cylinder Pushrod Adjustment

NOTE – Adjustment should not be necessary if installing new master cylinder.

2. Adjust clutch master cylinder pushrod as follows:

A. Loosen adjustment nut and gently rotate pushrod out until clevis pin can be inserted in bellcrank
yoke without force. The pushrod must NOT preload the master cylinder internal spring after
the clevis pin is inserted.

B. Connect clutch master cylinder clevis to clutch pedal and secure with clevis pin (Figure 5, Items 5,
6, and 8). Secure clevis pin with hairpin (Figure 5, Items 6 and 7).

C. Tighten adjustment nut. Torque nut 6 to 9 lbf-ft (8 to 12 N•m).

3. Connect supply hose from reservoir to clutch master cylinder and secure with hose clamp.

4. Connect hydraulic hose from air assist servo/slave cylinder to clutch master cylinder. Torque hydraulic
line to 15 to 18 lbf-ft (20 to 25 N•m).

S11018
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REMOVE AND INSTALL PROCEDURES CLUTCH MASTER CYLINDER

5. Fill reservoir using DOT 3 OR DOT 4 brake fluid (Figure 4, Item 5).

6. Secure fill cap on reservoir (Figure 4, Items 1 and 5).

7. Bleed hydraulic system to ensure air is free from the system. Refer to HYDRAULIC FLUID CHANGING
AND SYSTEM BLEEDING section for proper bleeding procedures.

10 S11018
© 2011 Navistar, Inc. All rights reserved



AIR ASSIST SERVO/SLAVE CYLINDER REMOVE AND INSTALL PROCEDURES

2.3. AIR ASSIST SERVO/SLAVE CYLINDER

Air Assist Servo/Slave Cylinder– Removal

1. AIR ASSIST SERVO
2. BOLT
3. HYDRAULIC HOSE
4. AIR HOSE

5. TRANSMISSION
6. CLUTCH HOUSING
7. SLAVE CYLINDER

Figure 7 Air Assist Servo/Slave Cylinder

1. Remove the reservoir fill cap (Figure 4, Item 1).

2. Disconnect hydraulic hose from air assist servo/slave cylinder and allow hydraulic fluid to drain into
container.

3. Disconnect air hose from air assist servo (air assist servo only).

4. Remove four bolts securing air assist servo/slave cylinder to clutch housing.

5. Remove air assist servo/slave cylinder.

S11018
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REMOVE AND INSTALL PROCEDURES AIR ASSIST SERVO/SLAVE CYLINDER

Air Assist Servo/Slave Cylinder– Installation

NOTE – When installation is complete, bleed lines to make sure they are free of air. Refer to HYDRAULIC
FLUID CHANGING AND SYSTEM BLEEDING section for proper bleeding procedures.

1. Install air assist servo/slave cylinder to clutch housing and secure with four bolts (Figure 7, Items 1 or 7,
and 2). Torque bolts to 11 to 15 lbf-ft (15 to 21 N•m).

2. Connect hydraulic hose to air assist servo/slave cylinder (Figure 7, Items 1 or 7 and 3). Torque hydraulic
hose to 15 to 18 lbf-ft (20 to 25 N•m).

3. Fill reservoir with recommended brake fluid (See Fluid specifications, page 25).

4. Connect air hose to air assist servo (air assist servo only) (Figure 7, Items 1 and 4).

5. Fill reservoir using DOT 3 OR DOT 4 brake fluid (Figure 4, Item 5).

6. Install fill cap on reservoir (Figure 4, Items 1 and 5).

7. Bleed hydraulic system to ensure air is free from the system. Refer to HYDRAULIC FLUID CHANGING
AND SYSTEM BLEEDING section for proper bleeding procedures.
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CLUTCH PEDAL REMOVE AND INSTALL PROCEDURES

2.4. CLUTCH PEDAL

Clutch Pedal – Removal

1. CLUTCH PEDAL
2. ROLL PIN
3. BELLCRANK WELDMENT
4. CLEVIS PIN

5. WAVE WASHER
6. RETURN SPRING
7. PEDAL STOP
8. CLUTCH SWITCH

Figure 8 Clutch Pedal

1. Compress clutch pedal and remove return spring.

2. Remove two roll pins securing clutch pedal assembly to bellcrank weldment.

NOTE – When removing clutch pedal, ensure wave washer is saved for installation.

3. Remove clutch pedal.

Clutch Pedal – Installation

1. Install clutch pedal (Figure 8, Item 1).

2. Install wave washer on clutch pedal (Figure 8, Items 1 and 5).

3. Secure the clutch pedal to bellcrank weldment with two roll pins (Figure 8, Items 1, 2, and 3).

4. Depress clutch pedal and install return spring to clutch pedal (Figure 8, Items 1 and 6).

5. Ensure clutch pedal is operating correctly.
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HYDRAULIC FLUID CHANGING AND BLEEDING CHECKING THE FLUID LEVEL

3. HYDRAULIC FLUID CHANGING AND BLEEDING

This section identifies the specific adjustments needed to keep the Hydraulic Clutch in top operating condition.

3.1. CHECKING THE FLUID LEVEL

WARNING

Use only approved hydraulic fluid (DOT 3 or DOT 4 brake fluid) in the clutch hydraulic
system. Do not mix different types of brake fluid. The wrong fluid will damage the rubber
parts of the system, causing loss of clutch function and the risk of serious personal
injury or death. Failure to follow this warning could result in personal injury or death.

CAUTION

To prevent damage to the hydraulic system and clutch components, do not allow the
fluid level in the reservoir to go below the MIN line. If too much air enters, the hydraulic
system will not operate correctly and the clutch could be damaged.

Figure 9 Reservoir

If the fluid level is below the MIN line, fill the reservoir with DOT 3 or DOT 4 brake fluid until the level reaches
the MAX line.
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REVERSE PRESSURE BLEEDING PROCEDURE HYDRAULIC FLUID CHANGING AND BLEEDING

3.2. REVERSE PRESSURE BLEEDING PROCEDURE

Reverse pressure bleeding is a recommended optional procedure to reliably remove air from the
hydraulic system. Equipment type recommended for reverse pressure bleeding of hydraulic clutch
actuation systems: Branick model G300, RAASM model 10705 (brake/clutch bleeder) or similar-type
system.

CAUTION

To prevent damage to the hydraulic system, when removing hydraulic fluid from the
reservoir, use a clean tool that is used only for hydraulic/brake fluid. Using a tool
contaminated with oil or chemical residue will destroy hydraulic system parts and cause
the system to malfunction.

1. SPECIAL CAP WITH ADAPTER
FITTING

2. RESERVOIR
3. CLUTCH PEDAL
4. SUPPLY HOSE
5. HYDRAULIC HOSE
6. QUICK RELEASE CONNECTOR
7. PRESSURE BLEEDER SUPPLY

VALVE
8. SUPPLY TANK

9. SHOP AIR
10. FLUID SUPPLY HOSE
11. AIR ASSIST SERVO/SLAVE

CYLINDER
12. AIR ASSIST SERVO/SLAVE

CYLINDER BLEEDER VALVE
13. CLUTCH MASTER CYLINDER
14. FLUID CONTAINER
15. CLEAR TUBE
16. PRESSURE REGULATOR

Figure 10 Typical Reverse Pressure Bleeding Procedure

1. Shut down the engine.

2. Apply the parking brakes, chock the front and rear tires, and raise the hood.

3. Prepare the pressure bleeding equipment according to the manufacturer’s instructions. Use DOT 3 or
DOT 4 brake fluid. connect the shop air hose quick connect to the pressure bleeder. Shop air pressure

S11018
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HYDRAULIC FLUID CHANGING AND BLEEDING REVERSE PRESSURE BLEEDING PROCEDURE

should be 70 psi to 150 psi (4.8 bar to 10.3 bar). Set the pressure on the bleeder pressure regulator
15 to 20 psi (1.0 to 1.4 Bar).

NOTE – If the special cap with adapter fitting is unavailable, disconnect the supply hose from the
reservoir and attach clear hose to supply hose using a 5/16 - inch barbed union connector.

4. Remove the reservoir cap and install the special cap with adapter fitting on the reservoir. Connect clear
tube to the cap fitting and run tube down to a collection container with at least 0.5 liter (0.5 quart) capacity.

1. SLAVE CYLINDER
2. AIR ASSIST SERVO

3. BLEEDER VALVE

Figure 11 Air Assist Servo and Slave Cylinder

5. Connect fluid supply hose from the pressure bleeder to the air assist servo/slave cylinder bleeder valve.

6. Open the pressure bleeder supply valve pressurizing the fluid supply hose and filling the system. Maintain
hydraulic fluid (DOT 3 or DOT 4 brake fluid) in the supply tank at all times.

7. Open the air assist servo/slave cylinder bleeder valve one half to one turn, allowing hydraulic fluid into
the hydraulic circuit. Do not fully open the air assist servo/slave cylinder bleeder valve. This is to
prevent air from entering from around thread form.

8. Using the fluid container, collect the hydraulic fluid that drains from the reservoir. When all the old hydraulic
fluid has passed through the system and only new, clean hydraulic fluid is coming out, close the air assist
servo/slave cylinder bleeder valve. Close the pressure bleeder supply valve.

9. Slowly pump clutch pedal several times to assist bleeding the system by allowing trapped air to escape.
Look for bubbles in the reservoir.
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REVERSE PRESSURE BLEEDING PROCEDURE HYDRAULIC FLUID CHANGING AND BLEEDING

10. Repeat steps 6 through 9 until no air bubbles are in the fluid stream out of the reservoir and a firm clutch
pedal actuation is achieved.

11. Shut off the pressure bleeder supply valve. Tighten the air assist servo/slave cylinder bleeder valve to 4
lbf-ft (5.4 N•m).

12. Disconnect the clear tube and remove the special reservoir cap. Remove fluid supply hose from the air
assist servo/slave cylinder bleeder valve. Reinstall the cap on the air assist servo/slave cylinder bleeder
valve. Reinstall the reservoir cap.

13. Check the hydraulic fluid level. Add fluid as required.

14. Clutch pedal should have approximately 1 inch of potential travel to the dash panel at initial clutch pedal
engagement after successful bleeding of hydraulic hoses.
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HYDRAULIC FLUID CHANGING AND BLEEDING PRESSURE BLEEDING PROCEDURE

3.3. PRESSURE BLEEDING PROCEDURE

Pressure bleeding procedure is an optional bleeding procedure for use if reverse pressure bleeding
procedure cannot be performed. Equipment type recommended for pressure bleeding of hydraulic
clutch actuation systems: Pressurized fill and bleed equipment (air regulator/filter ZTSE4757–1 or
equivalent) and reservoir cap adapter (International Service Tool - ZTSE4678).

NOTE – During bleeding procedures, brake fluid level must not be allowed to fall below the MIN mark
on the reservoir. The reservoir should be regularly checked and filled to the MAX mark with new DOT 3
or DOT 4 brake fluid. Failure to keep the brake reservoir level above the MIN mark could result in more
air entering the system, making it impossible to effectively bleed the system. This process requires a
minimum of two technicians.

NOTE – Pressure bleeding requires the use of a clean, regulated pressure source with gauge, tubing
and adapter. Pressure bleeders are available from a number of manufacturers and include instructions
for use.

Required bleed equipment:

• One clean, graduated glass or plastic bottle/receptacle*

• One rubber/plastic bleed hose (preferably transparent)*

• Suitable crow’s foot adapters for torque wrench (bleeder screw)

• Pressurized fill and bleed equipment; Air regulator/filter ZTSE4757-1, or equivalent, is required

• One reservoir cap adapter (International Service Tool - ZTSE4678)

• A sufficient supply of new DOT 3 or DOT 4 brake fluid from a sealed container

* Must be impervious to the effects of brake fluid

18 S11018
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PRESSURE BLEEDING PROCEDURE HYDRAULIC FLUID CHANGING AND BLEEDING

Hydraulic Clutch System Bleeding Procedure

1. Install wheel chocks.

2. Set the ignition key to OFF position.

3. Verify that the brake fluid level in the clutch master cylinder reservoir is at the MAX mark.

1. SERVICE TOOL ADAPTER
(ZTSE4678)

2. AIR REGULATOR/FILTER
(ZTSE4757–1)

Figure 12 Typical Air-Over-Fluid Bleeder Setup

4. Prepare the pressure bleeder according to the instructions provided with the equipment.

NOTE – The fluid level in the reservoir must be monitored to ensure that the level never drops below
the MIN mark during the bleed procedure. A typical air-over-fluid bleeder setup using service tools
ZTSE4757-1 and ZTSE4678 is shown in Figure 12.

5. Install the service tool adapter (ZTSE4678) between the bleed equipment and the reservoir filler neck.
Ensure that the adapter is securely tightened onto the reservoir filler neck.

6. Apply 35 PSI (2.4 bar) pressure on the clutch master cylinder reservoir with the bleeding equipment.
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HYDRAULIC FLUID CHANGING AND BLEEDING PRESSURE BLEEDING PROCEDURE

1. SLAVE CYLINDER
2. AIR ASSIST SERVO

3. BLEEDER VALVE

Figure 13 Air Assist Servo and Slave Cylinder

7. Secure bleeder hose onto bleeder screw located on the slave cylinder or air assist servo.

8. Submerge free end of bleeder hose into the bleed bottle. Note the fluid level in the bottle before starting.

9. Open the 8 mm bleeder screw until the fluid begins to flow (about 3/4 turn). Press the clutch pedal two to
three times completely to the floor and hold. After draining approximately 3 oz (88 cc) of fluid, check the
stream for air bubbles. When no more air bubbles enter the bleed bottle, close the bleeder screw. Release
the clutch pedal. Remember to check the reservoir fluid level and maintain above the MIN level.

10. The clutch pedal should have a direct and stiff feeling. If the pedal feels spongy, there is still air in the
hydraulic clutch system. Repeat step 9 at least four times or until the clutch pedal has a direct and stiff
feeling.

11. Clutch pedal may feel adequate, but clutch brake squeeze needs to be checked to confirm proper
operation. Remove inspection cover from clutch housing and ensure clutch brake squeeze is present.

12. Remove the bleeder hose and torque the bleeder screw to 4 lbf-ft (5 N•m).

13. Release pressure from the reservoir via the bleed equipment. Disconnect bleed equipment from reservoir
filler neck and install the clutch master cylinder reservoir cap.

14. Fill (or drain) the reservoir to midway between the MIN and MAX marks. Use new DOT 3 or DOT 4 brake
fluid from a sealed container if filling.

15. Verify that the reservoir cap is installed.

16. Remove wheel chocks.
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OPERATING CONDITION AND POSSIBLE CAUSE DIAGNOSIS AND TROUBLESHOOTING

4. DIAGNOSIS AND TROUBLESHOOTING

This section covers the diagnosing and troubleshooting of the Hydraulic Clutch.

4.1. OPERATING CONDITION AND POSSIBLE CAUSE

COMPLAINT POSSIBLE CAUSE CORRECTIVE ACTION

1. Release bearing locknut loose. 1. Adjust release bearing length and
tighten locknut.

2. Worn clutch disc facings. 2. Replace clutch disc.

3. Worn or damaged flywheel. 3. Resurface or replace flywheel.

4. Worn or damaged clutch pressure
plate.

4. Replace pressure plate and cover
assembly.

5. Grease or oil contamination on
facings.

5. Clean facings and repair cause of
contamination. If contamination cannot
be removed, replace clutch disc.

Clutch Slippage (Air
Assist Servo/Slave
Cylinder Pushrod
Stroke Within
Specifications)

6. New or replacement clutch, clutch
cover rating may be incorrect.

6. Replace as needed.

1. Insufficient clutch pedal travel,
access port blocked.

1. Adjust pushrod. Refer to Section
2.2, Figure 6.

2. Clutch pedal travel restricted, not
returning all the way.

2. Inspect for corrosion, contamination,
damage or wear to shaft, bushings,
spring, pushrod yoke, and clevis pin.
Repair as needed.

3. Clutch slave cylinder piston travel
restricted.

3. Inspect for corrosion/contamination,
damage or wear.

4. Release fork yoke rotation
restricted, possible failed bearing in
clutch housing.

4. Inspect for possible failed bearing in
clutch housing. Repair as needed.

Clutch Slippage (Air
Assist Servo/Slave
Cylinder Pushrod
Stroke Below
Specifications)

5. Sticking release bearing on pull-type
clutch.

5. Repair as needed.

1. Clutch damaged:

• Damaged clutch disc hub splines.

• Bent clutch disc.

• Bent drive straps.

• Broken or warped pressure plate.

1. Replace damaged or broken
component

Clutch Drag/Hard
Shifting

2. Contamination or grease in release
bearing bore.

2. Clean release bearing bore and
transmission input shaft.
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DIAGNOSIS AND TROUBLESHOOTING OPERATING CONDITION AND POSSIBLE CAUSE

3. Excessive side loading on release
bearing.

3. Eliminate source of excessive side
loading. This could be, but not limited
to, the following:

• Usage of improper release bearing
grease.

• Worn or damaged release fork
bearing.

• Worn or damaged release fork.

• Worn, damaged, or bent release
fork tips.

• Worn, damaged, or uneven release
bearing yoke contact wear pads.

• Excessive release bearing travel
during disengagement.

• Worn or damaged pilot bearing.

• Excessive flywheel runout.

4. Failed pilot bearing. 4. Replace pilot bearing and input shaft
if damaged.

5. Transmission input shaft splines
worn or damaged.

5. Replace input shaft.

6. Tight or contaminated clutch disc
splines.

6. Clean clutch disc and input shaft
splines or replace clutch disc as
necessary.

7. Flywheel housing to clutch housing
excessive misalignment.

7. Replace faulty housing.

8. Grease or oil contamination on
facings.

8. Clean facings and repair cause of
contamination. If contamination cannot
be removed, replace clutch disc.

Clutch Drag/Hard
Shifting (Cont.)

9. Excessive free play due to fine dust
packing inside the clutch.

9. Remove and clean or replace the
clutch. Block all dust entry points. In
extremely dusty applications, leave one
hole in the bottom of the clutch housing
and apply a regulated compressed air
line at the top of the housing to give a
slightly positive air pressure inside the
clutch housing.

High Pedal Effort 1. Clutch disc worn thin. 1. Replace clutch disc.

Abrupt Engagement 1. Grease or oil contamination on
facings.

1. Clean facings and repair cause of
contamination. If contamination cannot
be removed, replace clutch disc.
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OPERATING CONDITION AND POSSIBLE CAUSE DIAGNOSIS AND TROUBLESHOOTING

1. Release bearing locknut
insufficiently or incorrectly tightened.

1. Carefully adjust release bearing
length.

2. Excessive clutch slippage. 2. See Clutch Slippage above.

3. Clutch wearing excessively. 3. Review vehicle application. Review
driver practices.

Frequent Adjustments

4. Clutch gaining free play due to fine
dust packing inside the clutch.

4. Remove and clean or replace the
clutch. Block all dust entry points. In
extremely dusty applications, leave one
hole in the bottom of the clutch housing
and apply a regulated compressed air
line at the top of the housing to give a
slightly positive air pressure inside the
clutch housing.

1. Pilot bearing worn or damaged. 1. Replace pilot bearing and input
shaft, if damaged.

2. Release bearing bore incorrect size. 2. Replace bearing with the correct
size.

3. Clutch incorrectly installed. 3. Remove clutch and reinstall correctly.

4. Clutch disc damper worn or
damaged.

4. Replace clutch disc.

5. Idle rattle. 5. Replace clutch disc with one of
correct specifications.

Clutch Noise

6. Release bearing worn or damaged;
or grease is contaminated.

6. Clean and regrease, or replace
release bearing.

1. Excessively driven torsional activity,
which includes, but not limited to, the
following:

• Poorly phased drive shaft U-joints.

• Incorrect drive line angles.

• Incorrect air ride height
adjustment.

• Excessive drive shaft imbalance.

1. Find and correct cause of excessive
drive line torsional activity.

2. Clutch incorrectly installed. 2. Remove and reinstall clutch correctly.

Clutch Vibration

3. Pilot bearing worn or damaged. 3. Replace pilot bearing and input
shaft, if damaged.
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DIAGNOSIS AND TROUBLESHOOTING OPERATING CONDITION AND POSSIBLE CAUSE

4. Transmission input shaft, splines, or
pilot bearing worn or damaged.

4. Replace worn and damaged
components.

5. Clutch disc facings damaged. 5. Replace clutch disc.

6. Flywheel housing to clutch housing
excessive misalignment.

6. Replace faulty housing.

7. Clutch out of balance. 7. Replace clutch.

Clutch Vibration (Cont.)

8. Release bearing worn, damaged,
or grease contaminated.

8. Clean and regrease or replace
release bearing.

1. Clutch incorrectly installed. 1. Remove and reinstall clutch.

2. Clutch mounting capscrews loose
or broken.

2. Remove broken or damaged screws
and replace. Tighten to specifications.

3. Release bearing worn or damaged. 3. Replace release bearing.

Low Pedal Effort

4. Clutch master cylinder pushrod
needs adjustment.

4. Adjust clutch master cylinder
pushrod. Refer to Section 2.2, Figure
6. Check pedal firmness.
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5. SPECIFICATIONS

This section covers the types of fluid used for installation purposes.

5.1. FLUID SPECIFICATIONS

CapacityFigure
No.

(Item
No.)

Location Type

Liters Ounces

Figure 4
(Item 5)

Hydraulic Fluid (in
reservoir)

DOT 3 or DOT 4
Brake Fluid

.49 16.6

TORQUE

Figure No.
(Item No.)

Location Lbf-ft N•m

Figure 4 (Item
2)

Clutch Reservoir Mounting Bolts and Nuts 7 to 8 9 to 11

Figure 5 (Item
2)

Master Cylinder Mount Bolts and Nuts 15 to 18 20 to 25

Figure 6 (Item
1)

Hydraulic Hose Connection to Clutch Master
Cylinder

15 to 18 20 to 25

Figure 6 (Item
4)

Clutch Master Cylinder Pushrod Adjustment Nut 6 to 9 8 to 12

Figure 7 (Item
2)

Air Assist Servo/Slave Cylinder Bolts 11 to 15 15 to 21

Figure 11
(Item 3) and
Figure 13
(Item 3)

Air Assist Servo/Slave Cylinder Bleeder Valve 4 5.4
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