Hydraulic Brake System, Bosch

42.15

General Information

-

05/09/2003
NOTE: Not all parts are shown.
A. DOT 3 Brake Fluid

1. Secondary Compensating Valve
(open) (open)

o

Primary Compensating Valve 11. Primary Piston Return Spring

2. Secondary Reservoir Section 7. Power Brake Booster Assembly Assembly

3. DOT 3 Brake Fluid Reservoir 8. Frontwall 13. Secondary Pressure Chamber

4. Piston Stop 9. Primary Pressure Chamber 14. Housing

5. Primary Reservoir Section 10. Primary Piston/Actuator 15. Secondary Piston Return Spring
Assembly

f420376a

12. Secondary Piston/Actuator

Fig. 5, Master Cylinder

The "R" light (brake pressure) output—terminal 3—is
activated when any of the following conditions exist:

¢ The flow switch on the power brake booster
closes due to reduced or lost flow of ATF to
the power brake booster;

e The pressure differential switch on the master
cylinder closes due to a pressure difference
between the front and rear brake subsystems;

e The DOT 3 brake fluid level switch on the mas-
ter cylinder reservoir closes due to a drop in
the fluid level;

e Too much electrical resistance in the backup
pump motor. This is often caused by a bad

ground.

Monitor Module Terminal Identification
Terminal . Circuit
Number Function Number

1 Not Used —

2 Not Used —

3 Light "R" (Brake System 388H
Pressure) Output
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Hydraulic Brake System, Bosch

General Information

Monitor Module Terminal Identification

Terminal Function Circuit
Number Number
4 Ground GND
7 Ignition Input 81C
8 Not Used —
9 Relay Input 388F

10 Not Used —

11 Pressure Differential Switch Input 388A

12 Brake Pedal Input 388L
13 Backup Pump Motor Input 388C
14 Fluid Level Input 388B
15 Flow Switch Input 388G

Table 1, Monitor Module Terminal Identification
¢ No power to the backup pump at startup.

See Table 2 for information on when the input termi-
nals are activated.

Applying the Brakes

Pushing the brake pedal moves the brake pedal rod
against the actuator pin in the power brake booster,
moving the reaction piston forward inside the power
piston. See Fig. 7. This moves the throttle valve, re-
stricting the flow of ATF through the power piston,
which increases pressure. The increased ATF pres-
sure pushes the power piston forward through the
end-cap assembly and into the master cylinder.
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Fig. 6, Monitor Module Terminals

As the primary piston/actuator assembly is pushed
forward in the master cylinder, the primary compen-
sating valve closes. This shuts the outlet at the pri-

mary reservoir section and raises hydraulic pressure
in the primary pressure chamber.

The primary piston/actuator assembly motion also
moves the secondary piston/actuator assembly. This
closes the secondary compensating valve, pressuriz-
ing the secondary pressure chamber.

Both primary and secondary pressure chambers
have outlet ports into individual brake lines leading to
the brake calipers. The brake lines transmit the pres-
sure through DOT 3 brake fluid to the calipers, mov-
ing the dual piston pads against the rotors. That pulls
the caliper assemblies in, squeezing the rotors, slow-
ing or stopping the wheels.

If the power brake booster loses pressure from the
power steering pump, the flow switch turns on the
backup pump, closing the main supply check valve
and opening the backup pump check valve. The
electric backup pump then takes over pressurizing
the ATF in the power brake booster, providing
enough pressure for the master cylinder to operate
the brakes.

Releasing the Brakes

When the brake pedal is released, a return spring in
the booster opens the throttle valve, reducing ATF
pressure in the power brake booster. See Fig. 7. The
reduced power brake booster pressure allows the
master cylinder and piston return springs to move the
booster power piston back toward the frontwall side
of the power brake booster housing.

In the master cylinder, the return springs push back
the primary and secondary pistons, opening their
compensating valves. This lowers hydraulic pressure
in the master cylinder and the brake lines, allowing
the caliper pistons and their brake pads to back
away from the brake rotors. With the brake pads no
longer squeezing the rotors, the brakes let off and
the rotors and wheel hubs can turn freely again.

050/6
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42.15

General Information
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NOTE: Not all parts are shown.
A. DOT 3 Brake Fluid B. ATF C. Air Space
1. Secondary Compensating Valve (closed) 14. Frontwall
2. Secondary Reservoir Section 15. Power Piston
3. Primary Reservoir Section 16. Backup Pump Check Valve (shown closed)
4. Primary Compensating Valve (closed) 17. Electric Backup Pump
5. Flow Switch Assembly 18. Throttle Valve Return Spring
6. Return Port 19. Piston Return Spring
7. Supply Port 20. End-Cap
8. Supply Check Valve (shown open) 21. Primary Piston/Actuator Assembly
9. Pressure Regulator Assembly 22. Primary Pressure Chamber
10. Actuator Pin 23. Primary Piston Return Spring
11. Brake Pedal Rod 24. Secondary Piston/Actuator Assembly
12. Reaction Piston 25. Secondary Pressure Chamber
13. Throttle Valve 26. Secondary Piston Return Spring
Fig. 7, Power Brake Booster and Master Cylinder
Business Class M2 Workshop Manual, Supplement 5, September 2003 050/7
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Hydraulic Brake System, Bosch

General Information

Input Terminal Activation

Letzmit:‘earl Function rﬁ:::ggr Activated if
7 Ignition Input 81C The ignition is on.
8 Not Used — —
9 Relay Input 388F The ignition is on or brake pedal is depressed.
10 Not Used — —
11 Pressure Differential Switch Input 388A Pressure difference between front and rear systems
becomes more than 483 kPa (70 psi).
12 Brake Pedal Input 388L Brake pedal depressed.
13 Pump Motor Input 388C Electrical resistance of backup pump motor too high.
14 Fluid Level Input 388B Fluid level of master cylinder below 25 percent capacity.
15 Flow Switch Input 388G No hydraulic flow through power brake booster.
Table 2, Input Terminal Activation
050/8 Business Class M2 Workshop Manual, Supplement 5, September 2003



Hydraulic Brake System, Bosch

42.15

General Safety Precautions

A\ WARNING

When replacing brake pads, shoes, rotors, or
drums, always replace components as an axle
set.

¢ Always reline both sets of brakes on an axle at
the same time.

¢ Always replace both rotors/drums on an axle at
the same time.

¢ Always install the same type of linings/pads or
drums/rotors on both axle ends of a single
axle, and all four axle ends of a tandem axle,
at the same time. Do not mix component
types.
Failure to do so could cause uneven braking and
loss of vehicle control, resulting in property dam-
age, personal injury, or death.

When working on or around a vehicle, observe the
following precautions:

e Park the vehicle on a level surface and apply
the parking brakes. Shut down the engine and
chock the tires.

¢ Disconnect the batteries.

¢ Replacement hardware, tubing, hose, fittings,
etc. should be the equivalent size, type, length,
and strength of the original equipment.

e Make sure when replacing tubes or hoses that
all of the original supports, clamps, or sus-
pending devices are installed or replaced.

¢ Replace devices that have stripped threads or
damaged parts. Repairs requiring machining
should not be attempted.

¢ Prior to returning the vehicle to service, make

certain all components and systems are re-
stored to their proper operating condition.

A\ WARNING

Hydraulic brake fluid is hazardous, and can
cause blindness if it gets in your eyes. Always
wear safety glasses when handling brake fluid or
bleeding brake components. Brake fluid may also
be a skin irritant. If you get it on your skin, wash
it off as soon as possible.

Safety Precautions

Special care must be taken when disposing of used
brake fluid. Put the fluid in a sealed plastic container
and label it "Used Brake Fluid." Then dispose of it in
an approved manner. Check with local and state
regulations as to the correct disposal procedure.

IMPORTANT: During service procedures, keep
grease and other foreign material away from
caliper assemblies, disc brake pads, brake ro-
tors and external surfaces of the hub. Handle
parts carefully to avoid damage to the caliper,
rotor, disc brake pads or brake lines.

Asbestos and Non-Asbestos
Safety

A\ WARNING

Wear a respirator at all times when servicing the
brakes, starting with the removal of the wheels
and continuing through assembly. Breathing
brake lining dust (asbestos or non-asbestos)
could cause lung cancer or lung disease. OSHA
has set maximum levels of exposure and re-
quires workers to wear an air purifying respirator
approved by MSHA or NIOSH.

Because some brake linings contain asbestos, you
should know the potential hazards of asbestos and
the precautions to be taken. Exposure to airborne
asbestos brake lining dust can cause serious and
possibly fatal diseases such as asbestosis (a chronic
lung disease) and cancer.

Because medical experts believe that long-term ex-
posure to some non-asbestos fibers could also be a
health hazard, the following precautions should also
be observed if servicing non-asbestos brake linings.

Areas where brake work is done should be separate
from other operations, if possible. As required by
OHSA regulations, the entrance to the areas should
have a sign displayed indicating the health hazard.

During brake servicing, an air purifying respirator with
high-efficiency filters must be worn. The respirator
and filter must be approved by MSHA or NIOSH, and
worn during all procedures.

OSHA recommends that enclosed cylinders equipped
with vacuums and high-efficiency (HEPA) filters be
used during brake repairs. Under this system, the
entire brake assembly is placed within the cylinder
and the mechanic works on the brake through
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Hydraulic Brake System, Bosch

Safety Precautions

sleeves attached to the cylinder. Compressed air is
blown into the cylinder to clean the assembly, and
the dirty air is then removed from the cylinder by the
vacuum.

If such an enclosed system is not available, the
brake assembly must be cleaned in the open air.
During disassembly, carefully place all parts on the
floor to minimize creating airborne dust. Using an
industrial vacuum cleaner with a HEPA filter system,
remove dust from the brake drums, brake backing
plates, and brake parts. After vacuuming, any re-
maining dust should be removed using a rag soaked
in water and wrung until nearly dry. Do not use com-
pressed air or dry brushing to clean the brake as-
sembly.

If grinding or other machining of the brake linings is
necessary, other precautions must be taken because
exposure to asbestos dust is highest during such op-
erations. In addition to the use of an approved respi-
rator, there must be local exhaust ventilation such
that worker exposure is kept as low as possible.

Work areas should be cleaned by industrial vacuums
with HEPA filters or by wet wiping. Compressed air
or dry sweeping should never be used for cleaning.
Asbestos-containing waste, such as dirty rags,
should be sealed, labeled, and disposed of as re-
quired by EPA and OSHA regulations. Respirators
should be used when emptying vacuum cleaners and
handling asbestos waste products.

Workers should wash before eating, drinking, or
smoking, should shower after work, and should not
wear work clothes home. Work clothes should be
vacuumed after use and then laundered, without
shaking, to prevent the release of asbestos fibers
into the air.

100/2
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42.15

A\ WARNING

Before working on or around hydraulic brake
systems and components, see Safety Precau-
tions 100. Failure to follow those safety precau-
tions may result in personal injury.

Bleeding

Hydraulic System Bleeding

Pressure Bleeding

Pressure bleeding is the preferred method for bleed-
ing the service brake system. It requires the use of a
special pressure bleeder kit consisting of a tank,
pressure pump and valve, gauge, tubing and
adapter. These are available from a number of
manufacturers and include instructions for use. See
Fig. 1.

A\ WARNING

The hydraulic brake and power steering systems
must be bled whenever any fitting has been loos-
ened or disconnected. Failure to bleed the sys-
tem will allow air to remain in it. That will de-
crease the vehicle’s braking ability and can result
in an accident, property damage, and serious
personal injury.

Properly dispose of used hydraulic brake fluid.
Used hydraulic brake fluid is often contaminated.
Reusing it can cause brake system damage, loss
of braking, property damage and serious per-
sonal injury.

Automatic transmission fluid (ATF) and brake
fluid must not be mixed. Use only brake fluid for
the master cylinder and brake lines. Use only ATF
for the power brake booster. Mixing these two
fluids will seriously damage the hydraulic sys-
tem. ATF will damage the rubber parts of the ABS
modulator, master cylinder, and brake calipers
and can cause damage, loss of braking and seri-
ous personal injury.

Always use new clean DOT 3 brake fluid when
bleeding the master cylinder and service brake sys-
tem. Never reuse brake fluid, and do not use brake
fluid containers for any other purpose. DOT 3 brake
fluid exposed to the air absorbs water from it, so
keep brake fluid containers tightly closed to keep
new brake fluid clean and dry. Keeping the master
cylinder reservoir properly filled to the bottom of the
narrow filler neck helps reduce moisture absorption
from the air.

IMPORTANT: Do not let DOT 3 brake fluid touch
any painted surfaces. Brake fluid removes paint
and may also damage other non-metallic sur-
faces. Do not let fluid get on brake pads or ro-
tors.

10/27/94 f420379a

Fig. 1, Pressure Bleeder Kit

1. Park the vehicle on a level surface and apply the
parking brake. Shut down the engine. Chock the
tires.

Open the hood.

Connect the pressure bleeder to the brake mas-
ter cylinder reservoir following the manufacturer’s
instructions.

A\ WARNING

Do not exceed 35 psi (241 kPa) at the master cyl-
inder inlet. Exceeding this pressure could rupture
the master cylinder assembly, spraying brake
fluid around the area. This will almost certainly
result in vehicle paint damage and may cause
other damage or personal injury.

3.1 Fill the pressure bleeder with new DOT 3
approved brake fluid. Pressurize it ac-
cording to the manufacturer’s instructions.

Business Class M2 Workshop Manual, Supplement 5, September 2003
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Hydraulic System Bleeding

3.2 Using the supplied adapter, connect the
pressure bleeder to either one of the fill
ports on the master cylinder reservoir.

4. Bleed the hydraulic connections at the rear
wheel calipers, starting on the right side.

4.1 Put a wrench on the bleeder fitting at the
caliper, then attach a length of clear tub-
ing to the bleeder fitting. Make sure the
tubing fits snugly. Submerge the other
end of the tubing in a container of clean
brake fluid. See Fig. 2.

10/27/94 f420377b

Fig. 2, Bleed the Connections at the Rear Wheel
Calipers

4.2 Loosen the bleeder fitting about 3/4-turn
and let the brake fluid flow out of the fit-
ting until it is free of air bubbles. Tighten
the fitting firmly.

4.3 Move to the left rear caliper and repeat
steps for bleeding the caliper.

5. Add DOT 3 brake fluid to the master cylinder res-
ervoir, if it is needed.

6. Bleed the front wheel brake calipers, right side
first.

6.1 Put a wrench on the bleeder fitting at the
caliper, then attach a length of clear tub-
ing to the bleeder fitting. Make sure the
tube fits snugly. Submerge the other end
of the tubing in a container of clean brake
fluid. See Fig. 2.

6.2 Loosen the bleeder fitting by about 3/4-
turn and let the brake fluid flow out of the
fitting until it is free of air bubbles. Tighten
the fitting firmly.

6.3 Move to the left front wheel caliper and
repeat steps for bleeding the caliper.

7. Check the brake fluid level in both compartments
of the reservoir. Add new DOT 3 approved brake
fluid if needed.

8. Check the operation of the brakes by pumping
the brake pedal several times until it feels firm.
The brake pedal should not go all the way down
to the floor. If it does, see Troubleshooting 300.

9. Close and latch the hood.
10. Connect the batteries.
11. Remove the chocks from the rear tires.

12. Repeat step 8. Check for operation of the
brakes.

Manual Bleeding

If you do not have pressure bleeding equipment, you
can use the manual bleeding procedure.

IMPORTANT: Do not let the brake master cylin-
der fluid level get too low during manual bleed-
ing operations. Keep the master cylinder reser-
voir filled with new DOT 3 approved brake fluid.
Allowing the brake fluid reservoir to empty will
force air into the system, the opposite of the
desired result.

1. Park the vehicle on a level surface and apply the
parking brake. Shut down the engine. Chock the
tires.

2. Open the hood.

110/2
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42.15

3. Disconnect the batteries. The ignition must re-
main off for the entire bleed procedure.

4.

Bleed the master cylinder.

NOTE: It will not usually be necessary to
bleed the master cylinder unless the brake
fluid reservoir has run dry or master cylinder
components have been replaced.

41

Using a wrench and holding a rag under-
neath to absorb leaking brake fluid,
loosen the fitting at the rear outlet port on
the master cylinder about one turn. See
Fig. 3.

10/27/94

f420378a

Fig. 3, Loosen the Fitting at the Rear Outlet Port

4.2

43

Have someone push the brake pedal
down slowly to the floor and hold it there.
Brake fluid and any air in the master cyl-
inder will squirt from the fitting.

With the brake pedal held down, tighten
the rear hydraulic line fitting firmly.

IMPORTANT: Do not release the brake
pedal until the fitting is tightened, or more air
will get into the system.

44
4.5

4.6

Release the brake pedal.

Loosen the fitting again and bleed the line
until no air escapes from the fitting and
the brake pedal feels firm.

Check the fluid level in the master cylin-
der reservoir. Add new DOT 3 approved

4.7

Hydraulic System Bleeding

brake fluid as needed to raise the level to
the bottoms of the narrow filler necks.

Using a wrench and holding a rag under
it to absorb leaking brake fluid, loosen the
fitting at the front outlet port on the mas-
ter cylinder. See Fig. 4. Loosen the fitting
about one turn.

10/27/94

f420374a

Fig. 4, Loosen the Fitting at the Front Outlet Port

4.8

49

Repeat steps as required for the front
outlet port.

Check the brake fluid level in the master
cylinder reservoir. Add new DOT 3 heavy
duty brake fluid as needed.

Bleed the brake lines at the wheel calipers, start-

ing at the right rear wheel caliper.

5.1

5.2

5.3

Put a wrench on the bleeder fitting at the
caliper. Attach a length of clear tubing to
the bleeder fitting. Make sure the tubing
fits snugly. Submerge the other end of the
tubing in a container of clean brake fluid.
See Fig. 2.

Loosen the bleeder fitting by about 3/4-
turn.

Have an assistant slowly push the brake
pedal to the floor and hold it down. Hold
the brake pedal down as you tighten the
bleeder fitting.

IMPORTANT: Do not let off the brake pedal
until the caliper fitting is tightened. Releasing

Business Class M2 Workshop Manual, Supplement 5, September 2003
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Hydraulic System Bleeding

the pedal before the fitting is tightened will
suck air back into the system.

5.4 Release the brake pedal. Check the fluid
in the tube. If there are air bubbles
present, repeat bleeding as required until
the fluid in the tube is completely free of
air bubbles.

5.5 Check the brake fluid level in the reser-
voir. Add new DOT 3 heavy duty brake
fluid as needed.

5.6 Repeat the steps for bleeding the left rear
caliper, the right front caliper and the left
front caliper. When finished, fill the reser-
voir to the bottoms of the narrow filler

necks.

6. Close and latch the hood.

7. Connect the batteries.

8. Remove the chocks from the rear tires.

9. Check the operation of the brakes by pump-
ing the brake pedal several times until it feels
firm. The brake pedal should not go all the way
down to the floor. If it does, see Troubleshoot-
ing 300.
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Hydro-Max® Il Power Brake Booster Bleeding

Power Brake Booster Bleeding

A\ WARNING

Use only clean, approved automatic transmission
fluid (ATF) for the procedure below. Do not use
DOT 3 brake fluid. Putting DOT 3 brake fluid in
the power brake booster system will damage the
seals and O-rings in the power brake booster, the
power steering pump and the power steering
gear. This could result in a loss of power steering
and/or braking, which could possibly cause an
accident resulting in property damage or serious
personal injury.

1. Park the vehicle on a level surface and apply the
parking brake. Shut down the engine. Chock the
rear tires.

Open the hood.

Check the level of fluid in the power steering res-
ervoir. See Fig. 1. Fill it with approved ATF as
needed. See Specifications 400 for approved
ATF.

10/27/94 \ ! f460603a
1. Power Steering Reservoir

2. Steering Gear

Fig. 1, ATF Level Check

4. Place the transmission in neutral and crank the
starter several times, but do not start the engine.

Check the ATF level in the power steering reser-
voir. Fill, if needed.

Crank the starter and check the fluid level again.
Check the operation of the brakes.

7.1 With the key off, push the brake pedal.
The dash warning light and buzzer should
come on and the backup pump should
come on.

7.2 Turn the key to the ON position, but do
not start the engine. The dash warning
light and buzzer should come on, and the
backup pump should start to run.

7.3 Start the engine. Depress the brake
pedal. The dash warning light, buzzer and
backup pump should stay off. If they
come on, see Troubleshooting 300 and
find the problem.

7.4 Shut down the engine. Check the ATF
level in the power steering reservoir. Fill it
as needed.

Close and latch the hood.
Remove the chocks from the rear tires.

Business Class M2 Workshop Manual, Supplement 5, September 2003
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Replacing Hydraulic Lines

Rep|acing Hydrau"c Lines disconnect both ends of the hose being
replaced.

Power Brake Booster System 3.3 Install the new hose.

The power brake booster gets pressurized ATF If replacing the power brake booster sup-

through its connection to the power steering gear ply hose, tighten the supply port connec-

and returns the ATF to the steering system into the tion to 21 £5 Ibf-ft (28 +6 N'm), and the

power steering reservoir. See Fig. 1. outlet connection on the power steering

04/23/2003 f420463a

1. Power Steering Reservoir Power Brake Booster
2. Hydraulic Supply Line Hydraulic Return Line
3. Steel Fitting with O-Ring Seal Power Steering Gear
4. Hose Clamp Power Steering Pump

NG

Fig. 1, Power Brake Booster System

1. Park the vehicle on a level surface and apply the gear 41 Ibf-ft (56 N-m).
parking brake. Shut down the engine. Chock the .
rear tires. If replacing the power brake booster re-

turn hose, tighten the hose clamps firmly
Open the hood. at the booster return fitting and the power

. steering reservoir.
Replace all power steering hoses that are leak- 9

ing or show signs of cracking, softening or bulg- 3.4 Install the hose clamps and replace any

ing. Replace the entire hose; do not attempt to tie straps removed earlier.

repair it. Check the routing of the hose. Make sure

3.1 Remove all hose clamps and tie straps it is away from heat sources and moving
used for routing the hose. parts such as the steering and driveline.

3.2 Using a shop towel over the fittings to Make sure there are no kinks or sharp

catch dripping ATF power steering fluid,
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Replacing Hydraulic Lines

bends in the hose, and that it can not be
rubbed or pinched by other parts as they
move.

4. Bleed the power brake booster system following
the instructions in Subject 120.

5. Close and latch the hood.

6. Remove the chocks from the tires.

Service Brake System

The service brake system has two types of hydraulic
brake lines, rigid steel tubing and flexible rubber
hose.

The steel brake lines are 1/4-inch o.d. double-walled
tubing, and run from the master cylinder to points on
the chassis near each wheel. The rubber brake
hoses are 1/8-inch i.d. low-expansion rubber; they
connect the end of each rigid line to the caliper as-
sembly at each wheel.

IMPORTANT: Use only lines or hoses approved
for use in high pressure brake fluid applications.

Do not attempt to repair brake lines or hoses. Faulty
lines or hoses must be replaced.

1. Park the vehicle on a level surface and apply the
parking brake. Shut down the engine. Chock the
rear tires.

Open the hood.

Locate the leak in the brake line. Determine the
length and configuration (if a steel line) of the
section involved.

4. If necessary, loosen and remove any brackets
holding the brake line to the frame or axle so
that you can remove the damaged section.

5. Put a container under the connection on one end
of the leaking brake line. Disconnect the line.
Plug both ends of the connection.

Repeat at the connection on the other end of the
leaking brake line, and remove it from the ve-
hicle.

6. Remove the plugs installed earlier. Install the
new section of brake line and tighten the connec-
tions.

7. Install any brackets that were removed.

Bleed the brake system following the procedure
in Subject 110.

Close and latch the hood.

. Remove the chocks from the rear tires.
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Master Cylinder Removal and Installation

Removal

A\ WARNING

Before starting the procedure below, read the in-
formation in Safety Precautions 100. Exposure to
brake fluid could cause serious, permanent
health damage. Take precautions against expos-
ing yourself to it.

1. Park the vehicle on a level surface and set the
parking brake. Shut down the engine. Chock the
rear tires.

2. Open the hood.

3. Disconnect the wires from the pressure differen-
tial switch on the master cylinder body and the
fluid level sensor on the reservoir. See Fig. 1.

430340

04/30/2003

1. Reservoir 5. Pressure Differential

2. Master Cylinder Switch
Housing 6. Fluid Level Sensor

3. Brake Line Tube 7. Primary Subsystem
Nuts Brake Line

4. Secondary 8. Flanged Hexnut
Subsystem Brake 9. Power Brake Booster

Line ' Mounting Flange

Fig. 1, Master Cylinder Assembly

A\ CAUTION

Do not let the brake fluid get on any painted sur-
face; it will quickly damage the paint. Wrap a rag

around the fitting you are working on, or put a
container underneath it to catch any fluid leaking
as it is disconnected.

4. Disconnect the brake lines from the outlet ports
of the master cylinder. See Fig. 2. Plug the
brake lines to prevent contamination and leak-
age.

5. Remove the four flanged hexnuts that attach the
master cylinder to the power brake booster unit.
See Fig. 3.

Remove the master cylinder from the vehicle.
See Fig. 4. Keep it upright with a rag wrapped
around it so you do not drip any brake fluid.

08/03/93 420378

Fig. 2, Brake Lines

6. Remove the caps from the master cylinder reser-
voir, then carefully turn it over and dump the
brake fluid into a container. Dispose of used
brake fluid in a responsible and approved man-
ner.

Installation

1. Bench bleed the master cylinder.

1.1 Put the master cylinder and reservoir as-
sembly in a vise.

1.2 Install the plastic adapter and clear tubing
on the master cylinder outlet ports, as
shown in Fig. 5.

Business Class M2 Workshop Manual, Supplement 5, September 2003
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Master Cylinder Removal and Installation

10/28/94

1. Reservoir
2. Master Cylinder

f420552a

3. Flanged Hexnut
4. Power Brake Booster

Fig. 3, Remove Hexnuts

02/12/2002

s f420553b

Fig. 4, Remove the Master Cylinder

Put the other end of each tube up into the
reservoir, as shown in Fig. 6.

420604

Fig. 5, Outlet Ports With Master Cylinder Bleeder Tubes

03/28/2003

1. DOT 3 brake fluid
2. Filler caps
3. Fill to bottom ring of filler neck

430345

Fig. 6, Master cylinder fill level

trapped in the master cylinder while re-
turning fluid to the master cylinder reser-
Voir.

The brake bleeder plastic adapters and

tubing may be left in place to retain fluid
until the master cylinder is in place and

the vehicle brake lines are installed.

1.3 Fill the reservoir about half-full with new 2. Slip the master cylinder onto its studs on the
DOT 3 heavy duty brake fluid. front of the power brake booster, install the four
; ; flanged nuts on the studs of the power brake
1.4 Using a metal rod with a rounded end, ;
push and release the primary piston sev- booster and tighten to 27 Ibf-ft (37 N-m).
eral times. This purges air bubbles 3. Remove the plastic bleeder tubes if they were
left on after bench bleeding. Connect the sec-
ondary circuit line to the front outlet port on the
140/2 Business Class M2 Workshop Manual, Supplement 5, September 2003




Hydraulic Brake System, Bosch 42.15

Master Cylinder Removal and Installation

master cylinder, and the primary circuit line to the
rear outlet port. Tighten the fittings to maximum
16 Ibf-ft (22 N-m).

4. Connect the wires to the pressure differential
switch and the fluid level sensor. See Fig. 1.

5. Fill the reservoir to the bottom of the narrow
throat formed by the fill opening with new DOT 3
heavy duty brake fluid. See Fig. 6.

6. Bleed the entire brake system following the in-
structions in Subject 110.

7. Close and latch the hood.
8. Remove the chocks from the tires.
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42.15

Hydro-Max® Il Power Brake Booster Removal and

Removal

Installation

Park the vehicle on a level surface and apply the
parking brake. Shut down the engine. Chock the
rear tires.

Open the hood.
Disconnect the batteries at the negative cable.

If the brake master cylinder is still mounted on
the power booster, remove it following the in-
structions in Subject 140.

Inside the cab, disconnect the brake pedal rod
from the brake pedal.

5.1 Below the dash, find the clevis pin,
washer, and cotter key that connect the
power booster push rod to the brake
pedal. See Fig. 1.

07/26/93

02/12/2002

ok, wN =

f420702b

Backup Pump

Backup Pump Power Lead
Flow Switch Wiring

Flow Switch

Frontwall

Power Brake Booster Housing

420548

Fig. 1, Brake Pedal

5.2 Remove the cotter key, washer and clevis
pin.

Disconnect the wiring from the backup pump as-

sembly. See Fig. 2.

Disconnect the wiring from the flow switch at the
front of the power brake booster. See Fig. 2.

Fig. 2, Backup Pump Assembly (actual appearance

may vary)

8. Using a shop towel or a container to catch any

leaking automatic transmission fluid (ATF), dis-
connect the hydraulic supply and return lines
from the power brake booster. See Fig. 3. Plug
the lines.

Remove the four hexbolts and washers holding
the power brake booster to the frontwall. See
Fig. 4. Pull the power brake booster straight out
from the frontwall. See Fig. 5.

Installation

Position the power brake booster on the frontwall
so the brake pedal rod fits through the large hole
and into the cab and the four holes in the power
brake booster line up with those on the frontwall.
See Fig. 5.
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Hydraulic Brake System, Bosch

Hydro-Max® Il Power Brake Booster Removal and

Installation

—
J
02/12/200

1. Supply Line (steel)
2. Return Line (rubber)

f420703b

Fig. 3, Power Brake Booster Lines (actual appearance
may vary)

02/12/2002 430297

Fig. 4, Power Brake Booster Mounting (actual
appearance may vary)

07/26/93

O 420704

Fig. 5, Power Brake Booster Removal

Install the four mounting hexbolts and washers.
See Fig. 4. Tighten to 27 Ibf-ft (37 N-m).

Install the master cylinder on the power brake
booster, following the instructions in Sub-
ject 140.

Connect the hydraulic supply and return lines
See Fig. 3. Tighten the supply line to 21 Ibf-ft (28
N-m). Tighten the hose clamp on the return line
firmly.

Connect the wiring to the backup pump assem-
bly and to the flow switch assembly. See Fig. 2.

Check the ATF level in the power steering reser-
voir See Fig. 6. Add approved ATF if needed.
See Specifications 400 for the approved ATF.

Connect the batteries.

Bleed the power brake booster following the in-
structions in Subject 110.

Close and latch the hood.

. Remove the chocks from the rear tires.

150/2
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42.15

Hydro-Max® Il Power Brake Booster Removal and

Installation
10/57\/94 \ ! f460603a
1. Power Steering Reservoir
2. Steering Gear
Fig. 6, Fluid Level Check
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42.15

Hydraulic Brake Electronic Monitor Module Removal

NOTE: The monitor module is located on the
driver side of the dash behind the instrument
control unit (ICU).

Removal

1.

Park the vehicle on a level surface and apply the
parking brake. Shut down the engine. Chock the
rear tires.

Disconnect the batteries at the negative termi-
nals.

Inside the cab, remove the dash trim panel. See
Fig. 1.

X

08/16/2002

f610579h

6.

Fig. 1, Dash Trim Panel

Locate the monitor module behind the instrumen-
tation control unit (ICU-M2). Disconnect the 9-pin
connector and the 4-pin connector from the mod-
ule.

If necessary in order to remove the monitor mod-
ule, remove the U-M2. For instructions, see Sec-
tion 54.04, Subject 100.

Remove the monitor module.

Installation

1.

Connect the 9-pin and the 4-pin connectors to
the monitor module.

Install the monitor module on the mounting
bracket.

N o g~

and Installation

If it was removed, install the ICU-M2. For instruc-
tions, see Section 54.04, Subject 100.

Install the dash trim panel. See Fig. 1.
Connect the batteries.
Remove the chocks from the rear tires.

Verify proper operation of the monitor module.
See Subject 120.
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42.15

Flow Switch Removal, Inspection and Installation

NOTE: Refer to Fig. 1 when performing the following 6. If the metering piston did not come out by itself,
procedures. use a small magnet to extract the metering pis-
1 2 3 4 5

. Contact Assembly
2. O-Ring

02/27/2002

4. Spring

] A

3. Metering Piston

B

6 430298

5. Flow Switch Bore
6. Booster

Fig. 1, Flow Switch Assembly (exploded view)

The most likely conditions requiring service of the
flow switch are:

e Contamination of the metering piston.
e Damaged contact assembly.
e Leaking at the contact assembly.

e The backup pump running continuously when
the engine is running.

e The backup pump not running when it should
be.

Removal

1.

Park the vehicle on a level surface, shut down
the engine, apply the parking brakes and chock
the tires.

Disconnect the batteries.

Place a suitable container under the booster to
catch any automatic transmission fluid (ATF) that
may drain out while removing the flow switch
contact assembly.

Disconnect the wiring harness flow switch con-
nector from the flow switch contact assembly.

Remove the contact assembly from the booster.
Be prepared to catch the metering piston; it may
be pushed out of the booster housing by the
spring.

ton and spring from the bore.

Inspection

If the contact assembly is damaged, replace it.
If the O-ring seal is damaged, replace it.

Inspect the opening into the booster and inspect
the flow switch bore. These surfaces must be
clean and free of particles, chips or any other
form of contaminant. Remove any contaminant.

4. Inspect the metering piston and spring for clean-
liness. Remove any contaminants.

Installation

1. If a new contact assembly or O-ring is being
used, install the O-ring onto the contact assem-
bly.

2. Install the spring and metering piston into the
flow switch bore.

3. Install the contact assembly and O-ring into the
booster. Tighten 20 to 40 Ibf-in (2 to 4 N-m).

4. Connect the wiring harness flow switch connec-

tor to the flow switch contact assembly.
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Hydraulic Brake System, Bosch

Flow Switch Removal, Inspection and Installation

10.

11.

12.

13.

Fill the power steering pump reservoir to the
proper level with ATF. Do not reuse old ATF from
the booster.

Connect the battery ground cable.
Confirm proper installation of the switch.

7.1 Start the engine. With the engine running,
the power steering pump circulates ATF
through the system. This automatically
purges air from the booster.

7.2 While the engine is running, press on the
brake pedal several times to make sure
the pedal feels normal.

Shut the engine off. Press on the brake pedal
several times to make sure the pedal feels nor-
mal in the backup pump mode.

Check for leakage at the flow switch contact as-
sembly.

Confirm that the backup pump does not run
when the engine is running.

Confirm that the backup pump runs both when

the engine is off and the ignition key is on, and

when the ignition key and engine are off but the
brake pedal is depressed.

Recheck the ATF level in the power steering
pump reservoir. If necessary, add ATF.

Road test the vehicle to ensure proper steering
and braking operation.
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42.15

Troubleshooting

Hydraulic Brake Troubleshooting Index

Common Categories Subject Figure/Table
Warning light and buzzer related to parking brake Subject 300 Fig. 1
Warning light and buzzer related to service brake Subject 300 Fig. 2
Backup pump runs continuously Subject 300 Fig. 3, Fig. 4
Backup pump does not run Subject 300 Fig. 5, Fig. 4
Abnormal brake pedal conditions Subject 300 Fig. 6, Fig. 8
Hydraulic system leakage Subject 300 Fig. 9, Fig. 10, Fig. 11, Fig. 12
Brakes are dragging Subject 300 Fig. 13, Fig. 14
Short pad life, uneven pad wear, or overheated brakes Subject 300 Fig. 13
Brake system pressure test Subject 310 Fig. 1
Hydraulic brake system plumbing diagram Subject 400 Fig. 2
Hydraulic system fluid specification Subject 400 Table 2 and Table 3
Fastener torque table Subject 400 Table 1

Table 1, Hydraulic Brake Troubleshooting Index

Troubleshooting

This subject is designed to help service technicians
do their own troubleshooting and to help them
troubleshoot customer complaints. This guide covers
most common problems encountered in the field, but
some unusual problems may require approaches and
remedies not covered here.

NOTE: This subject does not deal with pressure
tests, they are covered in Subject 310.

Warning Light and Buzzer
Related to Parking Brake

There may be two lights generally relating to
brakes: the parking/service brake light, and an
ABS light if the vehicle has ABS. This section
refers only to the parking/service brake light, not
ABS. There is one buzzer for all brake signals.

The brake light and buzzer come on together when
triggered by one or more of the following:

¢ the parking brake switch

¢ the flow switch

e the fluid level indicator switch
o the differential pressure switch
¢ the electric backup pump

See Fig. 1 for troubleshooting if the problem seems
to be with the parking brake, or Fig. 2 if the service
brakes seem to be the problem.

Brake Warning Light and Buzzer
Related to Service Brake
See Fig. 2 for troubleshooting.

Backup Pump Runs
Continuously

Normally, the backup pump will run only if the flow
switch has activated its relay.

A good relay will run the backup pump only if it is
triggered by the flow switch and there is power to the
relay’s coil. A bad relay can be stuck ON, making the
backup pump run even though the relay coil is not
triggered. A bad relay can also make the backup
pump run although the flow switch has not triggered
it.

See Fig. 3 for troubleshooting and Fig. 4 for electri-
cal circuits of the master cylinder and power brake
booster.

Backup Pump Does Not Run

The backup pump will not run if there is no voltage to
the motor or if the motor is damaged — burnt out or

Business Class M2 Workshop Manual, Supplement 17, March 2010
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42.15

Hydraulic Brake System, Bosch

Troubleshooting

- Ignition ON

- Parking brake applied Start engine and release

parking brake.

1. Are the light and
buzzer OFF?

1. Are the light
and the buzzer

» 2. Is the backup pump

1=No | Check the park brake at the axle. | Yes

1&2=No

—— See Figure 2.

Has it released completely?

No

Check for a burned-out

ON? OFF? Check whether park brake
Yes to both & cable are stuck or frozen.

2. Is the backup (normal

pump ON? condition)

Yes to both
2=No 1=No
Diagnose and
\j repair. See

Figure 3.

bulb, burned-out buz-
er, broken wires from
the parking brake Y
Y switch to the bulb and Normal
buzzer, or a malfunctioning Condition
parking brake switch.

See Figure 5.

07/30/2004

040622

Fig. 1, Flow Chart: Brake Warning Light and Buzzer Relating to Parking Brake

jammed, for instance. Following are some of the pos-
sible reasons for the backup pump not running:

¢ a dead battery
e a broken relay

e a broken wire between the battery and pump
motor

e a break in the circuit between the ignition
switch/brake light switch and the flow switch

¢ a bad ground to the flow switch

See Fig. 5 for troubleshooting and Fig. 4 for electri-
cal components of the master cylinder and power
brake booster.

Abnormal Brake Pedal
Conditions

Abnormal pedal conditions defined in this section in-
clude the following. See Fig. 6 for flow chart diagno-
sis.

o Brake pedal dropping 1/2-inch when the engine
is started.

e The brake pedal feels spongy, springy or soft.

e The brake pedal continues to fall with steady
foot force.

e The brake pedal feels very hard.
Most common reasons for a very hard pedal—

¢ Insufficient flow or pressure from the power
steering pump;

e ABS is blocking flow of brake fluid to the
calipers.

Less likely causes include:
e contaminated power brake booster
e contaminated master cylinder

binding pedal linkage

binding power brake booster

binding master cylinder
blocked or kinked brake fluid tubes or hoses

With the engine OFF other causes are—
e Backup pump does not run;

300/2
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42.15

Troubleshooting

Is the master
| cylinder differential | No

02/04/2010

Is master
cylinder Yes
reservoir
more than A
1/2 full?
No
Y
Fill master
cylinder
reservoir
with brake
fluid. No
Continuity
- Check the
Are the light | Yes fluid level
and buzzer switch for
i 2
still ON? continuity.
No Continuity
Check brake fluid Y
system for leakage i
! Replace fluid
per Figure 9. i
Check pads for wear. level switch.
Replace if worn out.

"] pressure switch
closed to ground?

Yes

Is there aleak | No
in the brake

Problem is probably with

—— = the brake control module.

Check for malfunction.

Has someone

fluid system?

recently worked
on the brake

Yes

Diagnose and repair per Figure 9.
After completing the repair,
push very hard on the brake
pedal to recenter the differential
pressure switch and shut-off the
brake light. If this does not

work, loosen one line at the
master cylinder and step on the
brake pedal to recenter the
differential valve. If stepping

on the brake pedal with the line
loose does not make the brake
light go out, tighten that line

and repeat the process by
loosening the other line.

Yes | system?

No

The problem is probably with

the differential pressure switch.

Replace the master cylinder.
See Subject 140.

f040623

Fig. 2, Flow Chart: Brake Warning Light and Buzzer for Service Brake Problems

e The backup pump does not provide sufficient

pressure.

See Fig. 6 for abnormal brake conditions flow chart.
Fig. 7 illustrates how the rubber seals swell if ATF is
put into the master cylinder.

See Fig. 8 for flow chart regarding very hard brake

pedal feel.

the released position.

e The power brake booster does not return to

¢ The brake pedal linkage does not return to the
released position.

e The master cylinder does not return to the re-

leased position.

e The ABS system is trapping hydraulic pres-

sure.

Hydraulic System Leakage

See Fig. 9 and Fig. 10 if hydraulic fluid leakage is
detected.

See Fig. 11 for the most frequent leak points at the
power brake booster.

If fluid is leaking from any of the points listed in
Fig. 11, see Fig. 12.

Brakes are Dragging

The following are possible causes for brake drag:

e The brake calipers don’t release.

e The brake lines or hoses are plugged, kinked,
or collapsed.

NOTE: Some tests require doing things in the
cab while at the same time, or within a few sec-
onds, watching what happens elsewhere on the
vehicle. These tests require two people.

See Fig. 13 and Fig. 14 for complete brake drag di-
agnostics.
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Hydraulic Brake System, Bosch

Troubleshooting
Verify that pump is
running continuously.
Yes Yes i
Does the pump run only . ) Disconnect the Is the backu
with the ignition ON? Is the engine running? flow switch pump still ruﬁning?
connector.
No
No Y Yes No
Normal condition
Problem is probably

with the backup pump
relay. Test and replace
relay, if necessary.

Check for proper power
steering pump flow by rapidly
rotating the steering wheel.

The alternative is to measure
Is there voltage to the fluid flow.
the coil in the pump -
Are the brake liahts OFF? Yes relay mounted on Yes The problem is
re the brake lights ! the booster? See probably with the

Specifications 400 ignition switch. See the
for wiring. appropriate section of

No the workshop manual.

No Does the steering No | Problem is probably with

the power steering pump.
See Group 46.

wheel rotate normally?
) Is flow OK?

‘ Yes

Problem is probably with the

The problem is probably pump relay. Test and replace

with the brake light the relay, if necessary. The problem is probably

switch. Replace the with the flow switch. Take

switch. it apart, clean and put back
together. The contact
assembly and O-ring seal
can be replaced. See
Subject 170.

03/21/2003 f040624

Fig. 3, Flow Chart: Backup Pump Runs Continuously

Short Pad Life, Uneven Pad
Wear, or Overheated Brakes

NOTE: Because of vast differences in vehicle
types, usage, terrain, driving style and many
other factors, it is not possible to make a gen-
eral prediction of brake lining life. In some cases
of severe usage, short lining life is to be ex-
pected and does not indicate a problem in the
brake system.

vehicle usage or the driver’s braking habits. For
low temperature or low duty conditions, consult
the brake manufacturer for appropriate replace-
ment linings.

1. Check whether the brake pads are wearing ab-
normally. For instance, check whether the inner
and outer pads are wearing unevenly.

2. If the brakes are dragging, smoking, overheating,
smelling, pulling, or if there is poor acceleration,
see Fig. 13.

If the brake wear is not caused by one of these
conditions, the problem is probably related to
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Troubleshooting

08/15/2002

1. Fluid Level Indicator Switch 4. Relay
2. Flow Switch
3. Brake Light Switch

430322

5. Backup Pump
6. Differential Pressure Switch

Fig. 4, Electrical Components of the Master Cylinder and Power Brake Booster
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42.15 Hydraulic Brake System, Bosch

Troubleshooting
Verify that the backup No Disconnect flow switch connector. Check continuity
pump does not run with the in circuit 388G from the relay to the flow switch
key on, engine off, and connector and check continuity through the flow switch.
park brake applied. Is there
voltage to the backup
pump? Y
Is wire No Problem is probably with the
Yes continuity OK? wire. Repair the wire.
Problem is probably Yes
with the backup pump. Y ; ;
Replace the pump. Is flow switch No _ | Problem is probably with the
continuity OK? flow swn_ch. Take it apart, clean
and put it back together. The
contact assembly and O-ring
Yes can be replaced. See Subject
Y 170.
: Is there voltage at Is there voltage at
i tha ooy, Rantnce | o> | pin 1 (cirouit 388E) | ® | pin 2 (circuit 388F)
the relay. of the pump relay of the pump relay
connector? connector?
No No
Y Y
Check circuit 388E. See Check the ignition relay circuit 388F and brake
Specifications 400 for light switch to relay circuit for continuity and
wiring detail. properly functioning switches. See
Specifications 400 for wiring detail.
09/30/2002 f040625

Fig. 5, Flow Chart: Backup Pump Does Not Run
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42.15

Troubleshooting

The brake pedal drops about
1/2-inch (12mm) when the
engine starts (foot off pedal).

Verify that a pedal problem does exist. Determine which of
the four pedal conditions exist.

The brake pedal feels spongy,
soft or springy.

to fall with steady foot force.

The brake pedal continues

The brake pedal
feels very hard. See

Figure 8.
Remtove ﬂ||'lec; caporor: t:uteh No, all [Does the problem exist only qus the problem No.
master cylinder. Look at the the time | 4tter hard braking or braking exist only after the time
diaphragm inside the cap. Is on downgrades, causing Yes | hard braking or Bleed the brakes.
: s ) ; !
the diaphragm swollen? See brake calipers to get hot? braking on See Subject 110.
Figure 7. downgrades, cau—
No Yes Yes sing brake calipers
to get hot?
Problem is probably Remove the fill cap
caused by excessive flow| | | Problem is probably from the master " Does the
from the power steering caused by air trapped | | cylinder. Look at the Condition | No condition still
pump. Repair or replace in the brake fluid sys— diaphragm inside the corrected exist?
the power steering pump. tem. Bleed the brakes. cap. Is the diaphragm No
See Group 46. See Subject 110. swollen? See Figure 7. |~ Yes
Yes Is there visible Problem is proba-
brake fluid No bly due to internal
leakage? bypass of brake
fluid inside master
Yes

cylinder. Replace
master cylinder.
See Subject 140.

If the master cylinder cap diagram is distorted (Fig. 7), the fluid has
been contaminated. Replace all of the following: master cylinder, all
calipers, the ABS modulator valve, and all rubber hoses. Flush the

Problem is probably caused by fluid
boil due to excessive water absorption
in the fluid. Flush and refill the entire Y

steel brake tubes with clean brake fluid prior to attaching new rubber | |brake system with new brake fluid. See Fi 9
hoses. See Subject 110. ee Figure 5.
03/21/2003

f040626

Fig. 6, Flow Chart: Abnormal Brake Pedal Conditions
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42.15 Hydraulic Brake System, Bosch

Troubleshooting

LTI LT

08/16/2002 430324

A. Reservoir cap and diaphragm from uncontaminated
system.

B. Reservoir cap and diaphragm from a system
contaminated with power steering fluid, motor oil or
ATF.

Fig. 7, Good and Bad Master Cylinder Fluid Reservoir
Caps and Diaphragms

Start the vehicle and
With engine OFF, N check for proper power Does the steering wheel N The problem is probably
does the brake ° steering pumpflowby | | rotate normally? Isthe | with the power steering
pedal feel very rapidly rotating the ste— flow OK? pump. See Group 46.
hard? ering wheel. The alter-
Yes native is to measure the Yes
fluid flow.
Does the backup | No Investigate the other, less
pump run? likely conditions listed in the
See Figure 5. section titled, "Complaints of
Yes Abnormal Brake Pedal
Conditions."
Does the backup
pump sound like it No Problem is probably
slows downwhen | gm| With the back-up
pushing harder on pump. Replace the
the pedal? pump.
Yes
The Problem is probably
with the ABS. See
Section 42.26.
07/30/2004 f040627

Fig. 8, Flow Chart: Brake Pedal Feels Very Hard
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Hydraulic Brake System, Bosch 42.15

Troubleshooting
Verify that fluid is leaking.
Is the leak at the Caliper Is leak at the bleed | No Is leak at the tube | No
ABS valve, calipers, screw? fitting?
booster, master v
Booster or Master cylinder, or lines Brake Yes es
Cylinder TR Lines/Fittings
and fittings’ Tighten bleed screw to Tighten the tube fitting
proper torque. See to proper torque. See
' ABS Specifications 400. Specifications 400.
Go to Figure 10.
Y
See Section 42.26. Does fluid continue to leak?
No Yes
Tighten the fittings or Replace tube seat or
replace them as bleed screw. Torque to
necessary. specification. See Specifi- The leakage problem
cations 400. is probably with the
caliper. Replace the
caliper. For instruc—
Yes i -
Comblet Does it stil leak? tions, See the ap
omplete propriate brake sec—
tion of this manual.
03/21/2003 f040628
Fig. 9, Flow Chart: Hydraulic System Leakage
300/9
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42.15

Hydraulic Brake System, Bosch

Troubleshooting

Examine the booster &

Note: Brake fluid mixes with water, ATF
floats on water.

Booster

See Subject 140.

master cylinder as= No Is leakage at booster
sembly. Is the leak at or at master cylinder?
the booster to master
cylinder interface. See Master
Figure 11. cylinder
Yes
Brake )
Determine if the leak is brake fluid or ATF. | Fluid | Replace the No | Canthe leakage be fixed by
= master cylinder. |- tightening the tube nuts or

replacing the tube seats.

Tighten tube nuts to

Yes specification or replace

tube seats as needed.
See Specification 400.

ATF

1. Thoroughly clean the entire booster with soap and water,
then dry it.

2. Start the engine, apply the brakes with normal foot pedal
force several times and look for a point of leakage. Continue
as necessary until leak is found. Then, see Figure 12.

03/21/2003 040629

Fig. 10, Flow Chart: Hydraulic System Leakage (cont.)

1 2
©
o e O
© © O
=
4
k)
i 3
09/30/2002 430323
1. Flow Switch and Power Brake Booster Interface
2. Inlet Port
3. Booster, Adapter and Pump Interface
4. Power Brake Booster and Master Cylinder Interface
Fig. 11, Potential Hydraulic Fluid Leak Points
300/10
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42.15

Troubleshooting

Is flow switch

Is the leak at

leaking?

Yes

The problem is probably
with the flow switch O-ring.

the inlet port?

No Is the leak at | No

Yes

Is the leak at the

interface between No

the backup
pump?

Yes

The problem is
probably with the

adapter and booster
housing or backup
pump? See Figure 11.

Yes

booster. Re-
place booster.
See Subject 150.

The problem is probably with
the inlet fitting O-ring. Re—

The problem is
probably with the

Clean and examine sealing surfaces and seal
grooves of the adapter, backup pump, and booster

Replace the O-ring. See ’ backup pump. Re- housing.
) place the O-ring.
Subject 170. place the pump.
! Replace th
eplace the
The problem is probably with Yes | Are surfaces and No damaged
the seals between the backup - grooves flat and free bt t
of damage? component.
pump adapter and booster )
housing. Replace the seals.
03/21/2003 f040630
Fig. 12, Flow Chart: Hydraulic System Leakage (cont.)
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Hydraulic Brake System, Bosch

Troubleshooting

Verify condition:

Remove the fill cap
from the master

1. With engine OFF,
measure location of the
pedal from the floor.

See Figure 6.

by hand. Does caliper
move freely?

No

The problem is probably
with the booster, master
cylinder, or ABS. See
Figure 14.

: gr\'r;eorkri]nega’.:ing'7 Z?/allns:aar. nlq_c.)ok.dat ttrrl]e NoV 2. Start engine and L I?/l;j_Ped:l ;i;op abo:t Ye;
— Smell? ’ phragm inside the measure if pedal dropped rinch ( m:w) when
~ Pulling? cap. Is the dlaphragm to a new position. engine started?
- Poor acceleration? swollen? See Figure 7. 3. Shut OFF engine and
determine whether pedal No
Yes . "
returned to original position.
- - Apply and release the brakes, then
Caliper assembly is probably loosen one of the caliper bleed scr-
The master cylinder has been dragging on its pins or rails. No ews within a few seconds. Does fluid| Yes
contaminated with the wrong fluid. Re- | | The caliper housing may not s flow out under pressure? Perform -
place all of the following: the master be sliding freely in anchor the check on all wheel ends. Then
cylinder, all calipers, the ABS valve, and | | plate. tighten tube nuts to specification
all rubber hoses. Flush the steel brake after each check.
tubes with clean brake fluid prior to at— Y
taching new rubber hoses. Remove shoe pads and
reassemble the caliper
without shoe pads. Slide
caliper inboard to outboard Yes The problem is probably with the pistons in the
e

caliper. Repair or replace the caliper. See the
appropriate brake section in this manual.

The problem is probably with the pins if
equipped with pin slide brakes. Repair or re—
place pins and/or anchor plate. If the vehicle
has rail slide brakes, the problem is probably
with the rails. Clean and lubricate the rails. See
appropriate section of the service manual.

04/23/2003

f040631

Fig. 13, Flow Chart: Brakes are Dragging
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Hydraulic Brake System, Bosch

42.15

Troubleshooting

Apply & release the brakes,
loosen the primary tube nut
within a few seconds. See
Figure 15.

Does fluid flow out | NO
under pressure?

Tighten tube nut.
Apply & release

Yes

Apply & release brake pedal,
and within a few seconds:

the pedal rod to the pedal
arm.

2. Open the primary tube nu
at master cylinder.

1. Remove the pin that holds

t

Does fluid flow out
under pressure?

No

brakes, loosen sec—
ondary tube nut
within a few seconds.

Y

Y

Does fluid flow out
under pressure at

The problem is probably
with the booster or pedal

Tighten the tube nuts to proper torque listed in
Specifications 400. Loosen two of the four nuts
holding the master cylinder to the booster by at
least 1/8—inch. Apply and release the brakes,
and within a few seconds. After releasing the
brakes, loosen the remaining two nuts by
1/8=inch. Pull the master cylinder away from the
booster, and loosen the primary tube nut.

linkage.

the tube nut?

booster. Replace
it. See Subject 170.

Yes No The problem is
probably with
Y the pedal
The problem is linkage. Adjust
probably with the the linkage.

Tighten all tube nuts. See Specifi—
cations 400 for torque value.

04/23/2003

Y

Does fluid flow out

Yes

Yes

Tighten secondary tube nut.
See Specifications 400 for
torque value.

Y

The problem is probably
with the antilock braking
system (ABS). See
Section 42.26.

under pressure?

No

Tighten the tube
nuts and the four
booster nuts. See
Specifications 400
for torque value.

The problem is probably with
the master cylinder. Replace
the master cylinder. See

Subject 140.

f040632

Fig. 14, Flow Chart: Brakes are Dragging (cont.)
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Hydraulic Brake System, Bosch

42.15

Brake System Pressure Tests

NOTE: On most vehicles in the field, the pri-
mary master cylinder piston controls the rear
brakes, the secondary piston, the front brakes.
But on some vehicles the primary master cylin-
der piston controls the front brakes, the second-
ary master cylinder piston controls the rear
brakes. Either configuration is considered nor-
mal and they are functionally identical. Techni-
cians should check vehicle configuration for ap-
propriate diagnosis and repair.

1. Install two low-pressure gauges with a range of 0
to 50 psi (345 kPa) — one at the rear wheels,
and one at the front wheels. See Fig. 1.

o i

04/16/2003 430339
A. Install gauge #2 B. Install gauge #1

here. here.
1. Front Brake 5. Power Brake Booster
2. Front Brake Lines 6. Rear Brake Lines
3. Master Cylinder 7. Rear Brake
4. Reservoir

Pressure Testing

If the residual pressure on one or both gauges is
more than 2 psi (14 kPa), check the linkage be-
tween the brake pedal and the booster. Repair
the linkage if needed. Repeat steps 3 and 4. If
the problem is solved, go to "System Pressure
Test" below. If the problem is not solved, con-
tinue these steps.

6. Check the hydraulic lines for internal blockage or

kinking and replace them as needed. Repeat
steps 3 and 4. If the problem is solved, go to
"System Pressure Test" below. If the problem is
not solved, continue with these steps.

7. Check for residual pressure at the master cylin-

der. Replace as needed. Go to "System Pressure
Test" below.

System Pressure Test

1. Install two pressure gauges with a range of 0 to
2500 psi (17,250 kPa) — one at the rear wheels,
and one at the front wheels. See Fig. 1.

2. Bleed the brakes following the procedure under

Subject 110.

3. Make a copy of Table 1. Use this copy to record

the results from the next step.

Test Results

Fig. 1, Gauge Installation

2. Bleed the brakes following the procedure in Sub-
ject 110.

3. With the ignition off, lightly apply the brakes sev-
eral times. Do not push hard on the brake pedal
or you may damage the low-pressure gauges.

4. Release the brakes. Read the residual pressure
on both gauges. Record the information.

5. If the residual pressure on either gauge is less
than 2 psi (14 kPa), go to "System Pressure
Test" below.

Gauge 1 Gauge 2
Pressure Test (installed at | (installed at
rear wheel) | front wheel)
Rapid Pressure Rise Yes No Yes No
Slow Pressure Rise Yes No Yes No
Highest Reading (psi) psi psi
Pressure Constant Yes No Yes No

Table 1, Test Results

4. Start the engine. Quickly apply the brakes using

full pedal force. Hold the pedal down for 15 to 20
seconds. Record the speed of the pressure rise,
the highest pressure registered on each gauge
and whether the pressure stayed constant while
the pedal was held down. Use a copy of Table 1
to record your observations.

5. If the pressure reading on both gauges is not

within 10 percent, the ABS may be affecting
readings (Section 42.26). Replace the master
cylinder if needed. Remove the pressure gauges.

Business Class M2 Workshop Manual, Supplement 8, September 2005
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42.15

Hydraulic Brake System, Bosch

Pressure Testing

Bleed the system following the instructions in
Subject 110.

6. If the pressure reading on both gauges is within
10 percent but the gauges show less than 1770
psi (12 200 kPa), turn off the engine but leave
the ignition on. Apply the brakes hard and hold
the pedal down 15 to 20 seconds to test pres-
sure from the backup pump.

If both gauges show at least 860 psi (5930 kPa),
replace the power steering pump. Remove the
pressure gauges. Bleed the system following the
instructions in Subject 110.

If both gauges do not show at least 860 psi
(5930 kPa), replace the power brake booster.
Bleed the system following the instructions in
Subject 110.

7. If the pressure reading on both gauges is within
10 percent and the gauges show at least 1770
psi (12 200 kPa), but the pressure came up
slowly on both gauges, turn off the engine leav-
ing the ignition on. Apply the brakes hard, hold
down the pedal 15 to 20 seconds. If there was a
rapid pressure rise on both gauges, repair or re-
place the power steering pump. Remove the
pressure gauges. Bleed the system following the
instructions in Subject 110.

If the pressure rose slowly on both gauges, re-
pair or replace the power brake booster. Remove
the pressure gauges. Bleed the system following
the instructions in Subject 110.

8. If the pressure reading on both gauges is within
10 percent and the gauges show at least 1770
psi (12 200 kPa), but the pressure comes up
rapidly on one gauge and slowly on the other,
there is probably a restriction in the brake sys-
tem with the slow gauge. Remove the gauge and
install it closer to the master cylinder until the
pressure rises rapidly. The restriction is between
that point and the point of previous installation.
Repair or replace the brake line as needed. Re-
move the pressure gauges. Bleed the system
following the instructions in Subject 110.

9. If the pressure reading on both gauges is within
10 percent, the gauges show at least 1770 psi
(12 200 kPa) and the pressure came up rapidly
on both gauges but the gauges do not hold con-
stant pressure while the pedal is held down, turn
off the engine. Leave the ignition on. Push hard

10.

11.

on the brake pedal and hold it down for 15 to 20
seconds. If both gauges hold constant pressure
while the pedal is down, repair or replace the
power steering pump. Bleed the system following
the instructions in Subject 110.

If either gauge does not show constant pressure
with the pedal held down, there is probably leak-
age between the master cylinder and the cali-
pers.

If the pressure reading on both gauges is within
10 percent, the gauges show at least 1770 psi
(12 200 kPa), the pressure comes up rapidly on
both gauges and there is constant gauge pres-
sure while the pedal is depressed but the brake
pedal did not stay firm, there is probably leakage
in the lines between the master cylinder and cali-
pers.

If the pressure reading on both gauges is within
10 percent, the gauges show at least 1770 psi
(12 200 kPa), the pressure comes up rapidly on
both gauges, there is constant gauge pressure
while the pedal is depressed and the brake pedal
stays firm, the system is good. Remove the pres-
sure gauges. Bleed the system following the in-
structions in Subject 110. If the problem still ex-
ists, check the foundation brakes.
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42.15

Specifications

Hydraulic Brake System, Bosch

See Fig. 1 for a full view of the hydraulic brake sys-

tem wiring.

See Fig. 2 and Fig. 3 for partial views of the hydrau-

lic brake system wiring.

See Fig. 4 for a full view of the m
ing.

onitor module wir-

See Fig. 5 and Fig. 6 for partial views of the control

module wiring.

H HYDROMAX 11 & MASTER CYL
FW_OL_H_SW_PRESS_DIFF_C1

| PRESS DIFF SW [ %
(CLOSES TO GND
H @ 50-200 PSD E ]:

FW_OL_H_SW_FLOW_C1

A-388C # 1708 (R-W)——0.8:
wan ]:GND #1204 (BO——0.8

H OPER COND)
FW_OL_H_SW_FLUID_IND_C1

| Fig. 2

FW_0L_H_88

AFBLK——388A # 1708 ——————O—388A # 1708 (R-W)—0.8
RED——— -NC- -H- |
388A # 1708 (R-W>—0.8—>21

FW_H_DASH_CB

FU_OL_H_$6

388G # 1708 (R-W>—0.8—>24
3888 # 1708 (R-W>—0.8—>9
388C # 1708 (R-W)——3—X8
388F # 1708 (R-W>—0.8—>33
388H # 1708 (R-W)—0.8— >22

36 # 1316 (R-W>—0.8—>'38]

34 H

Fig. 4 |

——CGND # 1204 (BK)——3;

H HYD PUMP —388C # 1708 (R-W)—

MOTOR —q——3880 # 1708 (R-W)—3

FW_OL_H_RLY_HYD_PMP_MOT_C1

3886 # 1708 (R-W)—0 .

388F # 1708 (R-N)—0.

H HYD PUNP

5

2
MOTOR RLY § 388D # 1708 (R-W)—3;
1

8

| BULKHEAD MODULE  Fu_n_sii_cac

H PWR_D_MOD1_BHMIIN 2 D n —388H # 1708 (R-W)—0.:
12

[ CHASSIS MODULE  rup_cems i oot coc

H SERVICE BRAKES G |G 36 # 1316 (R-W)—0.8
LOW AIR PRESS/SPARE CA/S#1 E|EK—18 # 1427 (R-W)—1
H PARK BRAKE F (F

09/27/2002

H FLUID IND SW AF—3888 # 1708 (R-W)—a.
(BLOSES AT LOW B6ND # 1204 (BK)——0
H FLUID LVL COND> oL
FU_OL_H_MOT_PHP_A/B/C

NC-
388E # 1708 (R-W)—3:

H FW_H_PDM_MAIN_CA

H REF PWR DISTR (MOD285) @(*S%E #1708 (R-W)—3

736 41316 (R-N)—0.8——

1255 # 1427 (R-W)-0.8—

e s s,
H 18 # 1427 (R'V)fW*H

FUD_CHAS_H_FW_C3 FW_H_FWD_CHAS_C3

FWD_CHAS_H_ABS_C5 H ABS_H_FWD_CHAS_CS

24 24

FWD_CHAS_H_ABS_C5 H ABS_H_FWD_CHAS_CS
—1258 # 1427 (R-W)—0.8 M H(
24 24

H ABS_OL_H_RT_GND_BOC3_H

18 # 1427 (R-W):

1256 4 1427 (R-W)—0.8 —

ND # 1204 (BK)—3 H

FV,UL,H,RT,GND,FV,EXLL& H

REF GNDT(MODZSO) H
LH FRONTWALL EXTERIOR

Me(1/4) STUD
GND_D_FW_EXT_LH1 H

O SEG AIR S NPT PRIMARY/SECONDARY AIR

ABS_OL_H_ANU_MOD_A_C1
AIR MANIFOLD UNIT H
MODULE

18 # 1427 (R-W)—0.8— A
GND # 1204 (BK)—0.8—B| N.0. PRIM + SEC AIR SW OUTPUT H
" REF MOD 877

Fig. 3 |
ABS_OL_H_PRK_BK_DL g H
E PARK BRAKE H

>———GND # 1204 (BK)—0.8—{B|B}

= Ref. Dia. G06-44429 Sht 1 of 2 I

GND_D_BOC3_LH_B _

422371

Fig. 1, Power Brake Booster and Master Cylinder Wiring (full view)

Business Class M2 Workshop Manual, Supplement 5, September 2003

400/1




42.15 Hydraulic Brake System, Bosch

Specifications

HYDROMAX II & MASTER CYL
FW_OL_H_SW_PRESS_DIFF_C1
FW_OL_H_s8
A}:BLK—%SA 4 1708——————0—388A # 1708 (R-W)—0.8

PRESS DIFF SW
(CLOSES T0 GND

——388D # 1708 (R-W)—3

REF GND (M0D280)
LH FRONTWALL EXTERIOR
FW_OL_H_RLY_HYD_PMP_MOT_C! MB(1/4) STUD

GND_D_FW_EXT_LH1

388G # 1708 (R-W>—0.8

5

2—388F # 1708 (R-W)>—0,
41—388D # 1708 (R-W)—3
3

1

HYD PUMP
MOTOR RLY

-NC-
388E # 1708 (R-W)—3

n
]
¢ 50-200 pspy | <] |BjTREDT———— "NC- FU_H-DASH-CB
= 388A # 1708 (R-H)—8.8—321
FW_OL_H_SW_FLOW_C1 3880 # 1708
o LT T Tabsas o 1 e Lo ws i
OPER COND) B BND # 1204 (B 08 —388F 4 1708
——————388H # 1708
FW_OL_H_SW_FLUID_IND_C1 — 36 # 1316
FLUID TND S Al—3888 # 1788 (R-W)—0. ¥
%R BI—GND # 1204 (BK)——8, GND # 1284 (BK)—3
FLUIO LVL COND) W OLH.ST
FW_OL_H_MOT_PMP_A/B/C N
ND # 1204 (BK)——3—— FU_OL _H RT_GND_FW_EXT_LH1
HYD PUMP | Wy —
NOTOR —6; 388C # 1708 (R-W)

FW_H_PDM_MAIN_CA
REF PWR DISTR (MOD285) @<7388E #1708 (R-W)—3

8
BULKHEAD MODULE FW_H_BHNH_CAC

PWR_D_MOD1_BHM)IN 2 D ‘D}7388H #1708 (R-W>—0.
A
\

12
CHASSIS MODULE FWD_CHAS_H_CHM_03C FUD_CHAS_H_FW_C3 FW_H_FWD_CHAS_C3
SERVICE BRAKES G |G|—36 # 1316 (R'W)f&%f% #1316 (R-W—0,8——
LOW AIR PRESS/SPARE CA/SH1 E |EK—18 # 1427 (R-W)—1
PARK BRAKE F |F|—1255 # 1427 (R-H)-0.8— 16
|
\
16 FWD_CHAS_H_ABS_C5
18 # 1421 <R—u>—w— Fig. 3
24 »
FUD_CHAS_H_ABS_C5 Fig. 3
L s s 107 (HFM : Ref. Dia. G06-44429 Sht 1 of 2
09/27/2002 24 422372

Fig. 2, Power Brake Booster and Master Cylinder Wiring (partial view)
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42.15

Specifications

24

24

ABS_H_FWD_CHAS_CS

18 # 1427 (R-WO

ABS_H_FWD_CHAS_C5

ABS_OL_H_AMU_MOD_A_C1

18 # 1427 (R-W>—0.8— A N.0. SEC AIR SW INPUT
GND # 1204 (BK)>—0.8—B| N.0O. PRIM + SEC AIR SW OUTPUT
y

A
6

ABS_OL_H_PRK_BK_DL

1255 # 1427 (R-W)—0.8

ABS_OL_H_RT_GND_BOC3_H

GND_D_BOC3_LH_B

PARK BRAKE

>———GND # 1204 (BK)—0.8—B|B]

PRIMARY/SECONDARY AIR
AIR MANIFOLD UNIT
MODULE A

REF MOD 877

Ref. Dia. G06-44429 Sht 1 of 2

09/27/2002 1422373
Fig. 3, Power Brake Booster and Master Cylinder Wiring (partial view)
Fastener Torques
Description Torque: Ibf-in (N-cm) Torque: Ibf-ft (N-m)
Power Brake Booster Mounting Bolts — 20 +4 (28 +6)
Master Cylinder Tube Nuts - Max.16.5 (22.6)
Master Cylinder Mounting Nuts — 27 +2 (37 £3)
Power Brake Booster Supply Line — 21 £5 (27 £7)
Fitting
Backup Pump Mounting Screws — 21.5 £3.5 (29.2 £4.7)
Relay Mount Screw 78 £3 (77 £7) 6.5 £0.5 (8.75 +0.85)
Flow Switch Contact Assembly 30 £3 (30 £0.10) 25+0.8 (3.4 £1.1)
Differential Pressure Switch Contact 12 £3(12 £0.3) 1+0.25 (1.4 £0.3)
Assembly
Backup Pump Terminal Nut 17 £4 (17 £0.7) 1.4 £0.5 (1.92 £0.8)
Table 1, Fastener Torques
Approved Fluid for Power Brake Booster
Fluid Type Recommended Fluid
Automatic Transmission Fluid Dexron [1®
(ATF)
Table 2, Approved Fluid for Power Brake Booster
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