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BRAKE SYSTEMS

Section 8 BRAKES

C H A P T E R

48
OBJECTIVES

■ Explain the basic principles of braking, including kinetic and static friction, friction materials, 
application pressure, and heat dissipation. ■ Describe the components of a hydraulic brake system 
and their operation, including brake lines and hoses, master cylinders, system control valves, and 
safety switches. ■ Perform both manual and pressure bleeding of the hydraulic system. ■ Briefly 
describe the operation of drum and disc brakes. ■ Inspect and service hydraulic system 
components. ■ Describe the operation and components of both vacuum-assist and hydraulic-assist 
braking units.

It is commonly believed that the purpose of a brake 
system is to slow or halt the motion of a vehicle. 

However, that is really not true. The friction of the 
tires against the road is what slows down and stops a 
vehicle. The brake system slows or stops the rotation 
of the wheels. This is a minor point but one that 
extends the responsibility for braking to the tires as 
well as the brake system. 

The brake system converts the momentum of the 
vehicle into heat by slowing and stopping the vehi-
cle’s wheels. This is done by causing friction at the 
wheels. The application of the friction units is con-
trolled by a hydraulic system. This chapter looks at 
the basics of all brake systems and gives a detailed 
look at the hydraulic systems required to stop a 
vehicle.

Chapter 8 for a detailed discussion on 
friction and its effects.

FRICTION
There are two basic types of friction that explain how 
brake systems work: kinetic, or moving, and static, or 
stationary (Figure 48–1). The amount of friction, or 
resistance to movement, depends on the type of 
materials in contact, the smoothness of their rubbing 
surfaces, and the pressure holding them together 
(often gravity or weight). Friction always converts 
moving, or kinetic, energy into heat. The greater the 
friction between two moving surfaces, the greater the 
amount of heat produced.

As the brakes on a moving automobile are applied, 
rough-textured pads or shoes are pressed against 
rotating parts of the vehicle—either rotors (discs) or 
drums. The kinetic energy, or momentum, of the 
vehicle is then converted into heat energy by the 
kinetic friction of rubbing surfaces and the car or 
truck slows down.

When the vehicle comes to a stop, it is held in place 
by static friction. The friction between the surfaces of 
the brakes and between the tires and the road resists 
any movement.
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Factors Governing Braking
Four basic factors determine the braking power of a 
system. The first three factors govern the genera-
tion of friction: pressure, coefficient of friction, and 
frictional contact surface. The fourth factor is a 
result of friction. It is heat or, more precisely, heat 
dissipation.

An additional factor influences how well a vehicle 
will stop when the brakes are applied, that being 
weight transfer. When the brakes are applied while 
the vehicle is moving forward, the weight of the vehi-
cle shifts forward. This causes the front of the vehicle 
to drop or “nose dive.” It also means that the front 
brakes will need the most stopping power. If the vehi-
cle is overloaded or if the front suspension is weak, 
more weight will be thrown forward and the brakes 
will need to work harder.

Pressure The amount of friction generated between 
moving surfaces in contact with each other depends 
in part on the pressure exerted on the surfaces. For 
example, if you slowly increase the downward pres-
sure on the palm of your hand as you move it across a 
desk, you will feel a gradual increase in friction.

In a brake system, hydraulic systems provide 
application pressure. Hydraulic force is used to move 
brake pads or brake shoes against spinning rotors or 
drums mounted to the wheels. The amount of pres-
sure is determined by the pressure on the brake pedal 
and the design of the brake system.

Coefficient of Friction The amount of friction gen-
erated between two surfaces is expressed as a coeffi-
cient of friction (COF). The COF is determined by 

dividing the force required to pull an object across a 
surface by the weight of the object (Figure 48–2). For 
example, if it requires 100 pounds (455 N) of pull to 
slide a 100-pound (45.4 kg) metal part across a con-
crete floor, the COF is 100 � 100 or 1. To pull a 100-
pound (45.4 kg) block of ice across the same surface 
may require only 2 pounds (9 N) of pull. The COF then 
would be only 0.02. 

As it applies to automotive brakes, the COF 
expresses the frictional relationship between pads 
and rotors or shoes and drums. The required COF 
depends on the vehicle and other factors and is 
carefully chosen by the manufacturer to ensure safe 
and reliable braking. Therefore, when replacing 

WEIGHT TRANSFER

DIRECTION OF TRAVEL

BRAKING TENDS TO
APPLY MORE WEIGHT
ON THE FRONT WHEELS

BRAKING TENDS TO
LIFT THE REAR OF

THE VEHICLE

STATIC FRICTION
KINETIC FRICTION

STATIC FRICTION

Figure 48–1 Braking action creates kinetic friction in the 
brakes and static friction between the tire and road to slow the 
vehicle. When brakes are applied, the vehicle’s weight is trans-
ferred to the front wheels and is unloaded on the rear wheels.

100

2100 ÷ 100 = 1

2 ÷ 100 = 0.02
Figure 48–2 Coefficient of friction is equal to the 
pounds of pull divided by the weight of the object.
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pads or shoes, it is important to use replacement 
parts with similar COF. If, for example, the COF is 
too high, the brakes will be too sticky to stop the car 
smoothly. Premature wheel lockup or grabbing 
would result. If the coefficient is too low, the friction 
material tends to slide over the surface of the drum 
or rotor rather than slowing it down. Most automo-
tive friction materials are engineered with a COF of 
between 0.25 and 0.55.

Frictional Contact Surface The third factor is the 
amount of surface area that is in contact. Simply put, 
bigger brakes stop a car more quickly than smaller 
brakes used on the same car. For the most part, the 
vehicle’s weight and potential speed determines the 
size of the friction surface areas. Also, the greater the 
surface areas of the wheel brake units, the faster heat 
can be dissipated. 

Heat Dissipation Any braking system must be able 
to effectively handle the heat created by friction 
within the system. The tremendous heat created by 
the rubbing brake surfaces must be conducted away 
from the pad and rotor (or shoe and drum) and be 
absorbed by the air. Brakes that do not effectively dis-
sipate heat experience brake fade during hard, con-
tinuous  braking. 

Brake fade is a condition where the stopping 
power of the brakes has been drastically reduced. 
This is commonly caused by excessive heat buildup. 
With brake fade, the brake pedal seems normal but 
there is reduced stopping ability. Brake fade may 
become worse as heat builds up; this may be due to 
outgassing. As the shoes or pads become extremely 
hot, they can generate a gas. This gas can become an 
air bearing between the frictional material and the 
rotor or drum. Rather than clamp on the wheel brake, 
the friction elements will slip on the air (gas buildup). 
Fade can also be caused by overheating the brake 
fluid because gases form in the fluid.

The friction materials must be able to dissipate 
heat and the system must be designed to allow the 
material to get rid of its heat. This may be done by 
allowing ample airflow past the brake units. Another 
way is to ventilate the rotors. Ventilated rotors have 
internal vanes that move the hot air from the disc to 
the outside. Some rotors are cross-drilled or slotted. 
Both of these designs allow the rotor to run cooler and 
reduce the chances of gas buildup.

Heat can also cause the linings of the pads and 
shoes to become glazed and harden the rotor and 
drum. Therefore, the COF is reduced and excessive 
foot pressure must be applied to the brake pedal to 
produce the desired braking effect.

Brake Lining Friction Materials
Brake linings are made up relatively soft but tough 
and heat-resistant material with a high coefficient of 
friction. The lining is typically attached to a metal 
backing with rivets or high-temperature adhesives. 
For many decades, asbestos was the standard brake 
lining material. It offers good friction qualities, long 
wear, and low noise. But new materials are being used 
because of the health hazards of breathing asbestos 
dust. Asbestos has not been used in brake linings or 
pads since 2003. Many different materials are used as 
lining material and the type of lining is defined by its 
composition. Each type has different heat dissipa-
tion, fade resitance, rotor wear, noise generation, and 
braking force characteristics.  

Nonasbestos Organic Nonasbestos organic (NAO) 
linings are installed on many vehicles by the OEM. 
Organic linings are made of nonmetallic fibers bonded 
together to form a composite material. Today’s 
organic brake linings contain the following types of 
materials:

■ Friction materials and friction modifiers. Some 
common examples of these are graphite, pow-
dered metals, and even nut shells.

■ Fillers. Fillers are secondary materials added 
for noise reduction, heat transfer, and other 
purposes.

■ Binders. Binders are glues that hold the other 
materials together.

■ Curing agents. These accelerate the chemical reac-
tion of the binders and other materials.

Organic linings have a high COF, and they are eco-
nomical, quiet, wear slowly, and are only mildly abra-
sive to drums. However, organic linings fade more 
quickly than other materials and do not operate well 
at high temperatures. High-temperature organic lin-
ings are available for high-performance use but they 
do not work as well at low temperatures. They also 
wear faster than regular organic linings.

Metallic Linings Fully metallic materials were used 
for many years in racing. Metallic lining is made of 
powdered metal that is formed into blocks by heat 
and pressure. These materials provide excellent resis-
tance to brake fade but require high brake pedal pres-
sure; they create the most wear on rotors and drums. 
Metallic linings work very poorly until they are fully 
warmed. Improved high-temperature organic linings 
and semimetallic materials have made metallic lin-
ings almost obsolete for late-model automotive use. 
Metallic linings are also extremely noisy, which is 
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something that must be considered by customers 
when choosing the type of brake lining to install on 
their vehicle.

Semimetallic Linings Semimetallic materials are 
made of a mixture of organic or synthetic fibers and 
certain metals molded together. Semimetallic lin-
ings are harder and more fade resistant than organic 
materials but require higher brake pedal effort.

Most semimetallic linings contain about 50% iron 
and steel fibers. Copper also has been used in some 
semimetallic linings and, in smaller amounts, in 
organic linings. Concerns about copper contamina-
tion of the nation’s water systems has led to its reduced 
use in brake linings, however.

Semimetallic linings operate best above 200ºF 
(93.3°C) and actually must be warmed up to bring 
them into full efficiency. Consequently, they are typi-
cally less efficient than organic linings at low 
temperatures.

Semimetallic linings were sometimes used on 
older heavy or high-performance vehicles with four-
wheel drum brakes. Currently, semimetallic linings 
are used only on the front disc brakes of passenger 
cars and light trucks. The lighter braking loads on rear 
brakes, particularly on FWD cars, may never heat 
semimetallic linings to their required operating effi-
ciency. Semimetallic linings also have a lower static 
COF than organic linings, which makes them less effi-
cient with parking brakes.

Synthetic Linings The goals of improved braking 
performance and the disadvantages of the other lin-
ing materials have led to the development of syn-
thetic lining materials. They are classified as synthetic 
because they are made of nonorganic, nonmetallic, 
and nonasbestos materials. Two types of synthetic 
materials are commonly used as brake linings for 
drum brakes: fiberglass and aramid fibers.

Fiberglass was introduced as a brake lining mate-
rial to help eliminate asbestos. Like asbestos, it has 
good heat resistance, good COF, and excellent struc-
tural strength. The disadvantages of fiberglass are its 
higher cost and its reduced friction at very high tem-
peratures. Overall, fiberglass linings perform similarly 
to organic linings and are used primarily in rear drum 
brakes.

Aramid fibers are a family of synthetic materials 
that are five times stronger than steel, pound for 
pound, but weigh little more than half what an equal 
volume of fiberglass weighs. Friction materials made 
with aramid fibers are made similarly to organic and 
fiberglass linings. Aramid fibers have a COF similar to 
semimetallic linings when cold and close to that of 

organic linings when hot. Overall, the performance of 
aramid linings is somewhere between organic and 
semimetallic materials but with much better wear 
resistance and longevity than organic materials.

Carbon-Metallic/Ceramic Carbon-metallic and 
ceramic linings are found on many FWD vehicles, 
because they have high heat resistance. Most 
ceramic pads are made of a ceramic material mixed 
with copper fibers. These pads are quiet and pro-
duce little dust. Carbon is mixed with metals to 
make a lining that has a good COF and high heat 
resistance. Carbon linings are also able to with-
stand very high temperatures without causing 
brake fade. A few aftermarket companies offer lin-
ings made of carbon, Kevlar, and various other 
materials. These also have ceramic heat shields 
that reduce the amount of heat that can transfer 
from the linings to the rest of the brake system. 
Some high-performance cars are fitted with car-
bon-ceramic pads. These pads are comprised of a 
ceramic composite of carbon fiber reinforced with 
silicon carbide. These pads offer excellent braking 
performance and are extremely lightweight. They 
also provide a consistent COF through a wide range 
of temperatures and weather conditions.

PRINCIPLES OF HYDRAULIC 
BRAKE SYSTEMS
A hydraulic system (Figure 48–3) uses a brake fluid to 
transfer pressure from the brake pedal to the pads or 
shoes. This transfer of pressure is reliable and consis-
tent because liquids are not compressible. That is, 
pressure applied to a liquid in a closed system is trans-
mitted by that liquid equally to every other part of that 
system. Apply a force of 5 pounds (35 kPa) per square 
inch (psi) through the master cylinder and you can 
measure 5 psi (35 kPa) anywhere in the lines and at 
each wheel where the brakes operate.

Figure 48–3 A schematic of a basic automotive 
hydraulic brake system.
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Chapter 8 for a discussion of Pascal’s 
law.

The force can be increased at output (that is, at the 
wheel) by increasing the size of the wheel’s piston, 
though piston travel decreases. The force at output 
can be decreased by decreasing the size of the wheel 
piston, but the piston travel increases.

Thus, to double the output force of the 5 psi (35 
kPa) at the master cylinder to 10 psi (69 kPa) at the 
wheels, simply use a wheel cylinder piston with a sur-
face area of 2 square inches (13 sq. cm). To triple the 
force of 100 psi (690 kPa), use a piston with 3 square 
inches (20 sq. cm) and 300 pounds (2,068 kPa) of out-
put result (Figure 48–4). No matter what the fluid 
pressure is, the output force can be increased with a 
larger piston, though piston travel decreases propor-
tionately. In actual practice, however, fluid move-
ment in an automotive hydraulic brake system is very 
slight. In an emergency, when the pedal goes all the 
way to the floor, the volume of fluid displaced amounts 
to only about 20 cubic centimeters. About 15 cubic 
centimeters goes to the front discs and 5 cubic centi-
meters goes to the rear drums. Even under these con-
ditions, the wheel cylinder and caliper pistons move 
only slightly.

Of course, the hydraulic system does not stop the 
car all by itself. In fact, it really just transmits the action 
of the driver’s foot on the brake pedal out to the wheels. 
In the wheels, sets of friction pads are forced against 
rotors or drums to slow their turning and bring the car 
to a stop. Mechanical force (the driver stepping on the 
brake pedal) is changed into hydraulic pressure, which 
is changed back into mechanical force (brake shoes 
and disc pads contacting the drums and rotors). The 

amount of force acting on the friction pads and shoes 
is equivalent to the psi applied to the pedal multiplied 
by the area of the piston affected. A force of 25 pounds 
applied to the pedal times 4 square inches of piston 
area equals 100 pounds (psi) of pressure in the system.

Dual Braking Systems
Since 1967, federal law has required that all cars be 
equipped with two separate brake systems. If one cir-
cuit fails, the other provides enough braking power to 
safely stop the car.

The dual system differs from the single system by 
employing a tandem master cylinder, which is essen-
tially two master cylinders formed by installing two 
separate pistons and fluid reservoirs into one cylinder 
bore. Each piston applies hydraulic pressure to two 
wheels (Figure 48–5).

(A)
Front/rear split

(B)
Diagonal split

Figure 48–5 (A) A front/rear split of the braking 
system. (B) A diagonal split. The master cylinder is also split 
to allow pressure only to its designated wheel units. Courtesy 
of Ford Motor CompanyFigure 48–4 Output force increases with piston size.
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Front/Rear Split System In early dual systems, the 
hydraulic circuits were separated front and rear. Both 
front wheels were on one hydraulic circuit and both 
rear wheels on another. If a failure occurred in one 
system, the other system was still available to stop the 
vehicle. However, the front brakes do approximately 
70% of the braking work. A failure in the front brake 
system would only leave 20% to 40% braking power. 
This problem was somewhat reduced with the devel-
opment of diagonally split systems.

Diagonally Split System The diagonally split system 
operates on the same principles as the front and rear 
split system.

The hydraulic brake lines on this system, however, 
have been diagonally split front to rear (left front to 
right rear and right front to left rear). The circuit split 
can occur within the master cylinder or externally at a 
proportioning valve or pressure differential switch.

In the event of a system failure, the remaining 
good system would do all the braking on one front 
wheel and the opposite rear wheel, thus maintaining 
50% of the total braking force.

HYDRAULIC BRAKE SYSTEM 
COMPONENTS
The following sections describe the major compo-
nents of a hydraulic brake system, including power-
assisted systems and antilock braking systems.

Brake Fluid
Brake fluid is the lifeblood of any hydraulic brake sys-
tem. It is what makes the system operate properly. 
Brake fluid is specially blended to perform a variety of 
functions. Brake fluid must be able to flow freely at 
extremely high temperatures (500°F [260°C]) and at 
very low temperatures (�104°F [�75°C]). Brake fluid 
also serves as a lubricant for many parts to ensure 
smooth and even operation. In addition, brake fluid 
must fight corrosion and rust in the brake lines and 
various assemblies and components. Another impor-
tant property of brake fluid is that it must resist 
evaporation. 

All brake fluids are hygroscopic; that is, they read-
ily absorb water. Moisture can enter the fluid when 
the fluid is exposed to the atmosphere and while it is 
in the brake system. For this reason, brake fluid should 
always be kept in a sealed container and should only 
be exposed to outside air for limited periods. Mois-
ture also builds up in the fluid due to condensation. 
The fluid gets hot because of brake applications, and 
then when at rest it cools. This change in temperature 
causes condensation. Today’s vehicles are more 

prone to hot brake fluid because there is little airflow 
under the hood to cool the fluid and braking system.

The performance of brake fluid is affected by mois-
ture. As the amount of water in the fluid increases, the 
boiling point of the fluid decreases (Figure 48–6). This 
can cause vapor to build in the system, which could 
lead to sudden brake failure or an unpredictable 
spongy pedal. Vapor is a gas and therefore is com-
pressible. When pressure is applied to the brake fluid, 
it will compress the vapor before moving on through 
the system if it is able to do so.

The viscosity of the fluid at low temperatures is 
also affected by the amount of moisture. The viscosity 
increases, which means the fluid will have a harder 
time moving through the system, when it is cold. This 
means poor cold weather braking.

Moisture may cause corrosion to build on internal 
parts of the system. This also decreases the efficiency 
of the brake system.

Tests have shown that within 1 year of service in a 
typical vehicle, the water content of the fluid is about 
2%. It takes approximately 2 years for the fluid to have 
moisture levels that lower the fluid’s boiling point to a 
dangerous level.

Brake fluid must be compatible with the materials 
used within the brake system to avoid damage to 
them. It must provide a controlled amount of swell to 
the brake system cups and seals. There must be just 
enough swell to form a good seal. However, the swell 
cannot be too great. If it is, drag and poor brake 
response occur. 

Every can of brake fluid carries the identification 
letters of SAE and DOT. These letters (and corre-
sponding numbers) indicate the nature, blend, and 
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Figure 48–6 Moisture affects the boiling point of 
brake fluid.
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performance characteristics of that particular brand 
of brake fluid. Always use the fluid recommended by 
the manufacturer.

Chapter 7 for details on the types of 
brake fluids.

! W A R N I N G !

Use only approved brake fluid in a brake 
system. Any other lubricant that has a 
petroleum base must never be used. 
Petroleum-based fluids attack the rubber 
components in the brake system and cause 
them to swell and disintegrate.

Most vehicles have brake fluid level sensors that 
provide the driver with an early warning message 
when the brake fluid in the master cylinder reservoir 
has dropped below the normal level.

As the brake fluid in the master cylinder reservoir 
drops below the designated level, the sensor closes 
the warning message circuit. About 15 seconds later 
the message “Brake fluid low” appears on the instru-
ment panel. At this time, the master cylinder reservoir 
should be checked and filled to the correct level with 
the specified brake fluid.

Brake Pedal
The brake pedal is where the brake’s hydraulic sys-
tem gets its start. When the brake pedal is depressed, 
force is applied to the master cylinder. On a basic 
hydraulic brake system (where there is no power 
assist), the force applied is transmitted mechanically. 
As the pedal pivots, the force applied to it is multi-
plied mechanically. The force that the pushrod applies 
to the master cylinder piston is, therefore, much 
greater than the force applied to the brake pedal.

MASTER CYLINDERS
The master cylinder (Figure 48–7) transmits the 
pressure on the brake pedal to each of the four wheel 
brakes to stop the vehicle. It changes the driver’s 
mechanical pressure on the pedal to hydraulic force, 
which is changed back to mechanical force at the 
wheel brake units. The master cylinder uses the fact 
that fluids are not compressible to transmit the pedal 
movement to the wheel brake units.

The master cylinder also uses hydraulics to 
increase the pedal force applied by the driver. A 100-
pound force on the brake pedal can be used to push 
on a 1 sq. in. master cylinder piston to create a 100 psi 
pressure in the hydraulic system. This 100 psi can be 
used to push on 4 sq. in. output pistons at a wheel 
brake. The result is a 400-pound force at the 4 sq. in. 
output pistons. The driver’s 100-pound force has 
been multiplied to a force of 400 pounds.

Dual-Piston Master Cylinders
Figure 48–8 is a simplified illustration of a master cyl-
inder. A pushrod is connected to a piston inside the 
cylinder, and hydraulic fluid is in front of the piston. 
When the pedal is pressed, the piston is pushed for-
ward. The fluid transmits the force of the piston to all 
the inner surfaces of the system. Only the pistons in 
the drum brake wheel cylinders and/or disc brake 
calipers can move, and they move outward to force 
the brake shoes or pads against the rotating brake 
drums and/or rotors. 

Figure 48–7 A brake master cylinder.

Stop bolt

Secondary
piston

Primary
piston

Inlet port

Compensating
port

Compensating
port

Inlet
port

Figure 48–8 The basic components of a dual mas-
ter cylinder.
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Master Cylinder Reservoir The reservoir may be 
cast as one piece with the cylinder body, or it may be a 
separate molded nylon or plastic container (Fig-
ure 48–9). The one-piece body and reservoir casting 
is usually made of cast iron. The cylinder is directly 
below the reservoir. All reservoirs have a removable 
cover so that brake fluid can be added to the system. 
One-piece reservoirs typically have a single cover that 
is held on the reservoir with a retainer bail. Nylon or 
plastic reservoirs typically have two screw caps on top 
of the reservoir. Separate reservoirs may be clamped 
or bolted to the cylinder body, or they may be pressed 
into holes at the top of the body and sealed with grom-
mets or O-rings.

The caps or covers are vented to prevent a vacuum 
lock as the fluid level drops in the reservoir. A flexible 
rubber diaphragm at the top of the reservoir is incor-
porated in the caps or covers. The diaphragm sepa-
rates the brake fluid from the air above it while 
remaining free to move up and down with changes in 
fluid level. The diaphragm keeps the moisture and air 
from entering the brake fluid in the reservoir.

If a vehicle with front disc and rear drum brakes 
has a hydraulic system split front to rear, the reservoir 
chamber for the disc brakes is larger than the cham-
ber for the drum brakes. As disc pads wear, the caliper 
pistons move out farther in their bores. More fluid is 

then required to keep the system full in the master 
cylinder. With drum brake wheel cylinder pistons, the 
volume of fluid does not increase much with lining 
wear because the pistons always fully retract into the 
cylinders regardless of brake lining wear. Vehicles 
with four-wheel disc brakes or diagonally split hydrau-
lic systems usually have master cylinders with equally 
sized reservoirs because each circuit of the hydraulic 
system requires the same volume of fluid.

Plastic reservoirs are often translucent so that fluid 
level can be seen without removing the cover. 
Although this feature allows a quick check of fluid 
level without opening the system to the air, you should 
not rely on it for thorough brake fluid inspection. 
Stains inside the reservoir can give a false indication 
of fluid level, and contamination cannot be seen with-
out removing the reservoir caps or cover.

Master Cylinder Ports Different names have been 
used for the ports in the master cylinder. This text 
refers to the forward port as the “vent” port and the 
rearward port as the “replenishing” port. These 
are the names established by SAE Standard J1153. 
The vent port has been called a compensating port or 
a replenishing port. To further confuse the issue, the 
replenishing port has been described by many man-
ufacturers as the compensating port, as well as the 
vent port, the bypass port or hole, the filler port, or 
the intake port (Figure 48–10). The vent ports and 
replenishing ports let fluid pass between each pres-
sure chamber and its fluid reservoir during operation. 
The names of these ports are not important as long as 
you understand their purposes and operations. 

Compensating
port

Reservoir

Pressure
chamber

Figure 48–10 Fluid from the reservoir fills the cylin-
der through the compensating port. Courtesy of Ford Motor 
Company

(A)

(B)

Reservoir cover

Reservoir caps
Piston stop bolt

Outlet ports

Outlet ports

Cover
retainer

Reservoir

Reservoir

Figure 48–9 (A) A typical cast-iron dual master 
cylinder and (B) a typical aluminum/composite dual master 
cylinder.
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Master Cylinder Construction
A single cylinder bore contains two piston assemblies 
(Figure 48–11). The piston assembly at the rear is the 
primary piston, and the one at the front is the second-
ary piston. Each piston has a return spring in front of 
it. There is a cup seal in front of each piston and a cup 
or seal at the rear of each piston. The seals retain fluid 
in the cylinders and prevent seepage between the 
cylinders.

Inside the cylinder are two spool-shaped pistons. 
The piston has a head on one end and a groove for an 
O-ring seal on the other end. The seal seats against 
the cylinder wall and keeps fluid from leaking past the 
piston. The smaller diameter center of the piston is 
the valley or spool area, which lets fluid get behind 
the head of the piston.

Each master cylinder piston works with a rub-
ber cup seal, which fits in front of the piston head. 
The cup has flexible lips that fit against the cylinder 
walls to seal fluid pressure ahead of the piston 
head. The cup lip also can bend to let fluid get 
around the cup from behind. When the brakes are 
applied, pressure in front of the cup forces the lip 
tightly against the cylinder wall, enabling it to hold 
very high pressure. The lip of a cup seal is always 
installed toward the pressure to be contained or 
away from the body of the piston. The cup seals in 
only one direction. If pressure behind the lip 
exceeds the pressure in front of it, the higher pres-
sure will force the lip away from the cylinder wall 
and let fluid bypass the cup.

Pistons have small coil springs that return the pis-
tons to the proper position when the brake pedal is 
released. Sometimes the springs are attached to the 
pistons; sometimes they are separate parts. A snap-
ring holds the components inside the cylinder, and a 
rubber boot fits around the rear of the cylinder and 
pushrod to keep dirt from entering the cylinder (Fig-
ure 48–12).

A two-piece master cylinder has an aluminum 
body. Because aluminum can be nicked or gouged 
easily, the bore of the aluminum cylinder is anodized 
to protect it from wear and damage. They are fitted 
with a removable nylon or plastic reservoir. Because 
the master cylinder is made of two materials, it is often 
called a composite master cylinder. The pistons, cups, 
and springs used in a composite master cylinder are 
essentially the same and work the same way as those 
in a one-piece master cylinder.

Figure 48–11 The position of the pistons in a master 
cylinder when the brakes are applied. Notice that the seals 
stop fluid flow throughout the master cylinder.

Reservoir

Reservoir

Seal

Master cylinder

Secondary
piston

Secondary
piston

Primary piston

Primary
pistonSnapring

Snapring

Filler cap

Seal
Seal

Fluid level
warning
switch

Figure 48–12 The basic construction of a dual master cylinder. Courtesy of Ford Motor Company
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MASTER CYLINDER OPERATION
The vent port in the bottom of the reservoir is located 
just ahead of the piston cup. Fluid flows from the res-
ervoir into the pressure chamber in front of the piston 
cup. The replenishing port is located above the valley 
area of the piston behind the piston head. The O-ring 
seal on the piston keeps the fluid from leaking out the 
rear of the cylinder. The return spring in front of the 
piston and cup returns the piston when the brakes 
are released.

When the driver depresses the brake pedal, the 
pushrod pushes the piston forward. As it moves for-
ward, the piston pushes the cup past the vent port. As 
soon as the vent port is covered, fluid is trapped ahead 
of the cup. The fluid, which is under pressure, goes 
through the outlet lines to the wheel brake units to 
apply the brakes.

When the driver releases the brake pedal, the 
return spring forces the piston back to its released 
position. As the piston moves back, it pulls away from 
the fluid faster than the fluid can flow back from the 
brake lines to the pressure chamber. This creates a 
low pressure ahead of the piston.

The piston must rapidly move back to the released 
position so it can be ready for another forward stroke 
if necessary. The low-pressure area must be filled with 
fluid as the piston moves back. A path for fluid flow is 
provided by the valley area, past the primary cup pro-
tector washer and through several small holes in the 
head of the piston, or by having enough clearance 
between the piston head and the cylinder bore. Fluid 
flows through the piston or around the lip of the cup 
and into the chamber ahead of the piston. This flow 
quickly relieves the low-pressure condition.

The fluid that flows from the valley area to the 
pressure chamber must be replaced. When the piston 
is fully returned to its released position, the space in 
front of it is full of fluid. The piston cup again seals off 
the head of the piston. In the meantime, the fluid 
from the rest of the system has begun to flow back to 
the high-pressure chamber. If this pressure is not 
released, the brakes would not release. The returning 
fluid flows back to the reservoir through the vent port. 
The vent port is covered by the piston cup at all times, 
except when the piston is released.

Residual Pressure Check Valve
The pressure chamber in a master cylinder for some 
drum brake systems may have an additional part 
called a residual pressure check valve. This valve 
(Figure 48–13) can be installed in the pressure cham-
ber or the outlet line of the master cylinder. A residual 
pressure check valve is the oldest type of pressure 

control valve used in a brake system. It can be found 
in older four-wheel drum brake systems as well as in 
some late-model systems.

This valve is usually installed in the master cylin-
der outlet port to drum brakes. It maintains a residual 
pressure of 6 to 25 psi in the brake lines when the 
pedal is released. This residual line pressure main-
tains slight pressure on the wheel cylinder pistons to 
keep the sealing lips of the piston cups forced out-
ward against the cylinder walls. When the pedal is 
released, the retracting master cylinder piston creates 
a pressure drop in the lines. If pressure were to drop 
low enough, the piston cups could be pulled away 
from the wheel cylinder walls and draw air into the 
system. The slight residual pressure prevents this but 
is not high enough to overcome brake shoe spring 
tension. Maintaining pressure on the piston cups also 

Flapper valve
open

To wheel
cylinders

From
wheel
cylinders

Pressure
unseats valve

Fluid 
flow from 
master
cylinder

Fluid 
returns
to master
cylinder

Residual
pressure
maintained

Spring closes
residual check valve   

Figure 48–13 The operation of a master cylinder’s 
residual valve.

11491_48_ch48_p1424-1456.indd   143311491_48_ch48_p1424-1456.indd   1433 11/26/08   6:07:05 PM11/26/08   6:07:05 PM

Copyright 2009 Cengage Learning, Inc. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part.



1434 S E C T I O N  8  •  B r a k e s

maintains their fluid-sealing integrity and helps pre-
vent fluid leakage. Disc brake systems do not use this 
valve because residual pressure would cause the pads 
to drag on the rotor when the brakes are released.

The residual valve may be installed under the tub-
ing seat in the master cylinder outlet port or inside the 
cylinder bore. When the brakes are applied, master 
cylinder pressure opens the valve and allows fluid 
flow to the wheel cylinders. When the brakes are 
released, pressure in the lines unseats the valve in the 
reverse direction to allow fluid return flow to the mas-
ter cylinder. When line pressure drops below the 
pressure of the check valve spring, the valve closes to 
hold residual pressure in the lines. 

With the redesign of wheel cylinders, many late-
model master cylinders do not have a residual pres-
sure check valve. Piston cup expanders were 
developed to hold the cups against the wheel cylinder 
walls. Cup expanders are simpler, cheaper, and more 
reliable than check valves.

Diagonally split brake systems are another reason 
for the elimination of residual pressure check valves. 
A diagonally split system usually pairs one disc brake 
with one drum brake for half of the hydraulic system. 
Disc brakes rely on the action of the square-cut piston 
seal to retract the caliper piston and remove pressure 
from the brake pad. Any residual pressure at all would 
cause brake drag.

Although residual pressure check valves have been 
eliminated in many systems, they are still used in oth-
ers. When you replace a master cylinder, it is very 
important to verify whether or not the vehicle requires 
a residual pressure check valve. Installing the wrong 
cylinder will cause improper brake operation and 
possible system failure.

Split Hydraulic Systems
Most late-model vehicles have a diagonally split 
hydraulic system. If there is a hydraulic failure in the 
brake lines served by the master cylinder’s secondary 
piston, both pistons will move forward when the 
brakes are applied, but there is nothing to resist pis-
ton travel except the secondary piston spring. This 
lets the primary piston build up only a small amount 
of pressure until the secondary piston bottoms in the 
cylinder bore. Then the primary piston will build 
enough hydraulic pressure to operate the brakes 
served by this half of the system.

In case of a hydraulic failure in the brake system 
served by the primary piston, the piston will move 
forward when the brakes are applied but will not build 
up hydraulic pressure. Very little force is transferred 
to the secondary piston through the primary piston 
spring until the piston extension screw comes in 

contact with the secondary piston. Then, pushrod 
force is transmitted directly to the secondary piston 
and enough pressure is built up to operate its brakes.

Fast-Fill and Quick Take-Up 
Master Cylinders
Several manufacturers use fast-fill, or quick take-up, 
master cylinders. These cylinders fill the hydraulic 
system quickly to take up the slack in the caliper pis-
tons of low-drag disc brakes. Low-drag calipers retract 
the pistons and pads farther from the rotor than tradi-
tional calipers. This reduces friction and brake drag 
and improves fuel mileage.

If a conventional master cylinder were used with 
low-drag calipers, excessive pedal travel would be 
needed on the first stroke to fill the lines and calipers 
with fluid and take up the slack in the pads. To over-
come this, fast-fill, or quick take-up, master cylinders 
provide a large volume of fluid on the first stroke of 
the brake pedal.

You can recognize a fast-fill, or quick take-up, mas-
ter cylinder by the bulge, or larger diameter, on the 
outside of the casting (Figure 48–14). The cylinder has 
a larger diameter bore for the rear primary piston than 
the front primary piston. Inside the cylinder, a fast-fill, 
or quick take-up, valve replaces the conventional vent 
and replenishing ports for the primary piston. Some 

No bulge

Standard Master Cylinder

Bulge in casting

Quick Take-Up Master Cylinder
Figure 48–14 You can recognize a quick take-
up master cylinder by the bulge or step in the casting.
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master cylinders for four-wheel disc brakes also have 
a quick take-up valve for the secondary piston.

The quick take-up valve contains a spring-loaded 
check ball that has a small by-pass groove cut in the 
edge of its seat. The outer circumference of the valve 
is sealed to the cylinder body with a lip seal. Several 
holes around the edge of the hole let fluid bypass the 
lip seal under certain conditions. Some valves (those 
more often called “fast-fill” valves) are pressed into 
the cylinder body and sealed tightly by an O-ring. A 
rubber flapper-type check valve under the fast-fill 
valve performs the same functions as a lip seal of a 
quick take-up valve. 

Brakes Not Applied When the brakes are off, both 
master cylinder pistons are retracted, and all vent and 
replenishing ports are open. However, fluid to both 
ports of the primary piston must flow through the 
groove in the check ball seat. 

Brakes Applied As the brakes are applied, the pri-
mary piston moves forward in its bore. Remember 
that the diameter of the primary chamber is larger 
than the diameter of the secondary. As the secondary 
piston moves forward, the volume is reduced. This 
causes hydraulic pressure to instantly rise in the low-
pressure chamber. The higher pressure forces the 
large volume of fluid into the low-pressure chamber 
past the cup seal of the primary piston. This provides 
the extra volume of fluid to take up the slack in the 
caliper pistons.

The lip seal of the quick take-up valve keeps fluid 
from flowing from the low-pressure chamber back to 
the reservoir. Initially a small amount of fluid bypasses 
the check ball through the by-pass groove, but this is 
not enough to affect quick take-up operation.

As brake application continues, pressure in the 
low-pressure chamber rises to about 70 to 100 psi. The 
check ball in the quick take-up valve then opens to let 
excess fluid return to the reservoir. Pressures in both 
chambers of the primary piston equalize, and the pis-
ton moves forward to actuate the secondary piston. 

All of the actions apply to the primary piston if it is 
serving front disc brakes and the secondary piston is 
serving drum brakes. If the hydraulic system is diago-
nally split, or if the car has four-wheel, low-drag discs, 
the quick take-up fluid volume must be available to 
both pistons. Some master cylinders have a second 
quick take-up valve for the secondary piston. Others 
provide the needed fluid volume through the design of 
the cylinder itself. As long as the primary quick take-up 
valve stays closed, the fluid bypassing the primary pis-
ton cup causes the secondary piston to move farther. 
This provides equal fluid displacement from both pis-

tons and maintains equal pressure in the system. 
When the quick take-up valve opens, both pistons 
move together just as in any other master cylinder.

Brakes Released When the driver releases the brake 
pedal, the return springs force the primary and sec-
ondary pistons to move back. Pressure drops in the 
high-pressure chambers, and fluid bypasses the pis-
ton cup seals from the low-pressure chambers. Low 
pressure is created in the low-pressure chamber, 
which allows atmospheric pressure to move past the 
lip seal of the quick take-up valve. Fluid from the res-
ervoir then flows through both the vent and replen-
ishing ports to equalize pressure in the pressure 
chambers and valley areas.

On the return stroke, fluid flows to the secondary 
piston through the replenishing port unless the sec-
ondary piston also has a quick take-up valve. If a sec-
ondary quick take-up valve is installed, it works in the 
same way as a primary quick take-up valve.

Central-Valve Master Cylinders
Some antilock brake systems (ABS) use master cylin-
ders that have central check valves in the tops of the 
pistons. These valves are designed to prevent seal 
damage and pedal vibration. If the master cylinder 
provides pressure during antilock operation and the 
system also has a motor-driven pump, the master 
cylinder’s pistons may shift back and forth rapidly 
during antilock operation. This will cause excessive 
pedal vibration and—more importantly—wear on 
the piston cups where they pass over the vent ports.

When the brakes are released, fluid flows from the 
replenishing ports to the low-pressure chambers, 
through the open central check valves, and into the 
high-pressure chambers. As the brakes are applied, 
the central valves close to hold fluid in the high-
pressure chambers. When the brakes are released 
again, the check valves open to let fluid flow back 
through the pistons to the low-pressure chambers 
and the reservoir.

The central check valves provide supplementary 
fluid passages to let fluid move rapidly back and forth 
between the high- and low-pressure chambers dur-
ing antilock operation. This is not much different in 
principle from non-ABS fluid flow, but the extra pas-
sages reduce piston and pedal vibration and cup seal 
wear.  

HYDRAULIC TUBES AND HOSES
Steel tubing and flexible synthetic rubber hosing serve 
as the arteries and veins of the hydraulic brake sys-
tem. These brake lines transmit brake fluid pressure 
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Proportioning 
 control valve
 to brake line

  Brake line
        to
 brake hose

  Brake line
        to
 brake hose

Master cylinder
           to
    brake line

Brake hose
 to caliper
(Banjo bolt)

Figure 48–15 A typical layout of the hoses and tubes for the brake 
system. 

(the blood) from the master cylinder (the heart) to the 
wheel cylinders and calipers (the muscles and work-
ing parts) of the drum and disc brakes.

Fluid transfer from the driver-actuated master cyl-
inder is usually routed through one or more valves and 
then into the steel tubing and hoses (Figure 48–15). 
The design of the brake lines offers quick fluid transfer 
response with very little friction loss. Engineering and 
installing the brake lines so they do not wrap around 
sharp curves is very important in maintaining this 
good fluid transfer.

S H O P  T A L K 
Never use copper tubing as a replacement for 
defective lines or hoses. This type of tubing is 
subject to fatigue, cracking, and corrosion. If 
a section of the brake tubing is damaged, the 
entire section must be installed with a new tube 
of the same type, size, shape, and length. Also, 
when installing tubing, hoses, or connectors, 
tighten all connections to specifications. Install a 
new flexible brake hose if the hose shows signs 
of softening, cracking, or other damage. When 
installing a new hose, position the hose to avoid 
contact with other vehicle components. After 
installation, bleed the brake system.

Brake Line Tubing
Most brake line tubing consists of copper-fused 
double-wall steel tubing in diameters ranging from 
1 8 to 3 8 inch (3 mm to 9 mm). Some OEM brake tub-
ing is manufactured with soft steel strips, sheathed 
with copper. The strips are rolled into a double-wall 
assembly and then bonded in a furnace at extremely 
high temperatures. Corrosion protection is often 
added by tin-plating the tubing.

Fittings
Assorted fittings are used to connect steel tubing to 
junction blocks or other tubing sections. The most 
common fitting is the double or inverted flare style. 
Double flaring is important to maintain the strength 
and safety of the system. Single flare or sleeve compres-
sion fittings may not hold up in the rigorous operating 
environment of a standard vehicle brake system.

Fittings are constructed of steel or brass. The 
 37-degree inverted flare or standard flare fitting is the 
most commonly used coupling. Newer vehicles may 
use the ISO or metric bubble flare fitting.

Never change the style of fitting being used on the 
vehicle. Replace ISO fittings only with ISO fittings. 
Replace standard fittings with standard fittings.

The metal composition of the fittings must also 
match exactly. Using an aluminum-alloy fitting with 
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steel tubing may provide a good initial seal, but the 
dissimilar metals create a corrosion cell that eats away 
the metal and reduces the connection’s service life.

Brake Line Hoses
Brake line hoses offer flexible connections to wheel 
units so steering and suspension members can oper-
ate without damaging the brake system. Typical brake 
hoses range from 10 to 30 inches (25 to 76 mm) in 
length and are constructed of multiple layers of fabric 
impregnated with a synthetic rubber. Brake hose 
material must offer high heat resistance and with-
stand harsh operating conditions.

S H O P  T A L K 
Many brake hose failures can be traced to errors 
made in the original installation or repair of the 
hose. Hoses twisted into place become stressed 
and are prime candidates for leaks and burst-
ing. Most manufacturers now print a natural lay 
indicator or line on the hose. By making sure this 
line is not spiralled after fittings are tightened, 
you can ensure the hose is not overly stressed. 
Also, always use a hose of the same length and 
diameter as the original during servicing to main-
tain brake balance at all wheels.

HYDRAULIC SYSTEM SAFETY 
SWITCHES AND VALVES
Switches and valves are installed in the brake system 
hydraulic lines to act as warning devices to pressure 
control devices.

Pressure Differential (Warning Light) 
Switches
A pressure differential valve is used to operate a warn-
ing light switch. Its main purpose is to tell the driver if 
pressure is lost in either of the two hydraulic systems. 
Since each brake hydraulic system functions inde-
pendently, it is possible the driver might not notice 
immediately that pressure and braking are lost. When 
a pressure loss occurs, brake pedal travel increases 
and a more-than-usual effort is needed for braking. 
Should the driver not notice the extra effort needed, 
the warning light is actuated by the hydraulic system 
safety switch.

Under normal conditions, the hydraulic pressure 
on each side of the pressure differential valve piston is 
balanced. The piston is located at its center point, so 
the spring-loaded warning switch plunger fits into the 
tapered groove of the piston. This leaves the contacts 

of the warning switch open. The brake warning light 
stays off.

If there is a leak in the front or rear braking system, 
the hydraulic pressure in the two systems is unequal. 
For example, if there is a leak in the system supplying 
the front brakes, there is lower pressure in the front 
system when the brake pedal is applied. The hydrau-
lic pressure in the rear system then pushes the piston 
toward the front side, where the pressure is lower. As 
the piston moves, the plunger is pushed out (Fig-
ure 48–16). This closes the switch and illuminates the 
brake warning light.

While all brake warning light switches serve the 
same function, there are three common variations 
in the design of these switches. These variations 
include switch es with centering springs, without 
centering springs, and with centering springs and 
two pistons.

Metering and Proportioning Valves
Metering and proportioning valves are used to 
balance the braking characteristics of disc and drum 
brakes.

The braking response of the disc brakes is 
immediate when the brake pedal is applied. It is 
directly proportionate to the effort applied at the 
pedal. Drum brake response is delayed while rear 
brake hydraulic pressure moves the wheel cylinder 
pistons to overcome the force of their return springs 
and force the brake shoes to contact the drum. Their 
actions are self-energizing and tend to multiply the 
pedal effort.

Metering Valve A metering valve (hold-off valve) in 
the front brake line holds off pressure going from 
the master cylinder to the front disc calipers. This 
delay allows pressure to build up in the rear drums 
first. When the rear brakes begin to take hold, the 
hydraulic pressure builds to the level needed to 
open the metering valve. When the metering valve 
opens, line pressure is high enough to operate the 
front discs. This process provides for better balance 
of the front and rear brakes. It also prevents lockup 
of the front brakes by keeping pressure from them 
until the rear brakes have started to operate. The 
metering valve has the most effect at the start of 
each brake operation and all during light braking 
conditions.

Proportioning Valve The self-energizing action of 
the delayed response rear drum brakes can cause 
them to lock the rear wheels at a lower hydraulic pres-
sure than the front brakes. The proportioning valve 
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(balance valve) (Figure 48–17) is used to control rear 
brake pressures, particularly during hard stops. When 
the pressure to the rear brakes reaches a specified 
level, the proportioning valve overcomes the force of 
its spring-loaded piston, stopping the flow of fluid to 
the rear brakes. By doing so, it regulates rear brake 
system pressure and adjusts for the difference in pres-

sure between front and rear brake systems. This keeps 
front and rear braking forces in  balance.

Height-Sensing Proportional Valve The height-
sensing proportional valve provides two different 
brake balance modes to the rear brakes based on 
vehicle load. This is accomplished by turning the 
valve on or off. When the vehicle is not loaded, hydrau-
lic pressure is reduced to the rear brakes. When the 
vehicle is carrying a full load, the actuator lever moves 
up to change the valve’s setting. The valve now allows 
full hydraulic pressure to the rear brakes. The valve 
contains a plunger, cam, torsional clutch spring, and 
an actuator shaft (Figure 48–18).

The valve is mounted to the frame above the rear 
axle and has an actuator lever connected by a link to 
the lower shock absorber bracket. The valve is turned 
on and off as the axle-to-frame height changes due to 
load in the vehicle. The torsional clutch spring 
attached to the valve shaft is used as an override. Once 
the valve is positioned during braking, the spring pre-
vents the valve from changing position if the vehicle 
goes over a bump or moves off the road.

Height-sensing proportional valves are replaced 
when defective and are not adjustable.

Figure 48–16 A pressure differential valve under normal conditions.

Proportioning
valve

Flex hose

Retainer
clip Bracket

Brake tube

Figure 48–17 A proportioning valve. Courtesy of 
Chrysler LLC
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S H O P  T A L K 
Distribution and weight on some vehicles, such 
as station wagons, is such that a rear-to-front 
weight transfer does not present a similar prob-
lem. For this reason, standard proportioning 
valves are not required on all station wagon 
models.

Combination Valves Most newer cars have a combi-
nation valve (Figure 48–19) in their hydraulic system. 
This valve is simply a single unit that combines the 
metering and proportioning valves with the pressure 
differential valve. Combination valves are described 
as  three-function or two-function valves, depending 
on the number of functions they perform in the 
hydraulic system.

Three-Function Valve This type of valve performs the 
functions of the metering valve, brake warning light 
switch, and proportioning valve.

Two-Function Valves There are two variations of the 
two-function combination valve. One variation works 
the proportioning valve and brake warning light 
switch functions. The other performs the metering 
valve and brake warning light switch functions.

If any one of its several operations fail, the entire 
combination valve must be replaced, because these 
units are not repairable.

Warning Lights
A wide variety of electrical and electronic compo-
nents are found in a brake system, especially with 
ABS. These include the warning lamp switch operation 
of a pressure differential valve and the electrical 
switches to operate the failure warning lamp and the 
stop lamps as well as sensors to indicate low brake 
fluid level. 

Failure Warning Lamp Switch A pressure differen-
tial valve is a hydraulically operated switch that con-
trols the brake failure warning lamp on the instrument 
panel. Each side of the pressure differential valve is 
connected to half of the hydraulic system (one cham-
ber of the master cylinder). Each master cylinder pis-
ton provides pressure to a separate hydraulic system. 
If one of the circuits fails, the brake pedal travel will 
increase and more brake pedal effort will be required 
to stop the car. The driver might not notice a prob-
lem, however, but the lamp on the instrument panel 
will provide a warning in case of hydraulic failure.

Failure in one half of the hydraulic system causes 
a pressure loss on one side of the pressure differential 
valve. Pressure on the other side moves the valve’s 
plunger into contact with the switch terminal. This 
closes the circuit and the warning lamp is illuminated. 
All pressure differential valves work in this basic way 
but differ in the details of the shape of the piston and 
the use of centering springs.  

The pressure differential valve on most late-model 
vehicles is part of a combination valve or built into the 
body of the master cylinder. Some vehicles have a 
switch in the float assembly of the fluid reservoir 
instead of a pressure differential valve. This float 
switch turns on the brake warning lamp when the 
fluid level changes to a dangerous point. This accom-
plishes the same thing as a pressure differential valve. 

Master Cylinder Fluid Level Switch Because brake 
fluid level is important to safe braking, many vehicles 

Cam Inlet port Outlet port

Torsional
clutch spring

Shaft
Plunger

Figure 48–18 A height-sensing proportional valve. 
Courtesy of Chrysler LLC

Figure 48–19 The hydraulic circuit for a pickup with 
rear-wheel antilock brakes and a combination valve. Courtesy 
of Chrysler LLC
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1440 S E C T I O N  8  •  B r a k e s

have a fluid level switch that causes illumination of 
the instrument panel’s red brake warning lamp when 
the fluid level is too low. This warning system is simi-
lar to the pressure differential valve because fluid level 
in the reservoir will drop from a leak caused by 
hydraulic failure. Therefore, a fluid level switch has 
replaced the pressure differential valve on many vehi-
cles. An added advantage of a fluid level switch is that 
it will alert the driver of a dangerous fluid level caused 
by inattention and poor maintenance practices.

Fluid level sensors are built into the reservoir body 
or cap. One type has a float with a pair of switch con-
tacts on a rod that extends above the float. If the fluid 
level drops too low, the float will drop and cause the 
rod-mounted contacts to touch a set of fixed contacts 
and close the lamp circuit. Another type of switch 
uses a magnet in a movable float. If the float drops low 
enough, the magnet pulls a set of switch contacts 
together to close the lamp circuit. The contacts typi-
cally provide a ground path for the brake warning 
lamp. 

Parking Brake Switch The parking brake should 
only be applied to hold a vehicle stationary. If the 
parking brake is even partially applied while the vehi-
cle is moving, it will produce enough heat to glaze 
friction materials, expand drum dimensions, and 
increase pedal travel. On rear disc brake systems with 
integral parking brake actuators, driving with the 
parking brake applied will distort the brake rotors and 
reduce pad life. 

A normally closed, single-pole, single-throw switch 
is used to ground the circuit of the red brake warning 
lamp in the instrument cluster. This switch is located 
within the parking brake handle or pedal assembly 
and is designed to turn on the light whenever the 
parking brake is applied.

Some vehicles with daytime running lights (DRL) 
use the parking brake switch to complete a circuit 
that prevents the headlights from coming on if the 
parking brake is applied when the engine is started. 
When the parking brake is released, the DRLs operate 
normally.

Stop Lamps
Stop lamps are included in the right and left tail lamp 
assemblies. Vehicles built since 1986 also have a cen-
ter high-mounted stop lamp (CHMSL).

Brake stop lamp switches are operated hydrauli-
cally or mechanically. Hydraulic switches were used 
on older vehicles and were installed in the master cyl-
inder’s high-pressure chamber; they were activated 
by system pressure. A mechanical switch is mounted 

on the bracket for the brake pedal and activated by 
the movement of the pedal lever (Figure 48–20).

Mechanical switches are found on today’s vehicles 
because they can be adjusted to illuminate the stop 
lamps with the slightest pedal movement. Stop lamp 
switches may be single-function or multifunction 
units. Single-function switches have only one set of 
switch contacts that control electric current to the 
stop lamps at the rear of the vehicle. Multifunction 
switches have one set of switch contacts for the stop 
lamps and at least one additional set of contacts for 
the torque converter clutch, the cruise control, or 
ABS. Some multifunction switches have contacts for 
all of these functions.

The brake lamp switch contacts are often con-
nected to the brake lamps through the turn signal and 
hazard flasher switch. If a vehicle has antilock brakes, 
there is a connection or a separate switch for the ABS 
control unit to sense when the brakes are being 
applied. Wiring diagrams are essential for accurate 
identification of brake pedal switches and their 
functions.

DRUM AND DISC BRAKE 
ASSEMBLIES
Although drum and disc brakes are explained in great 
detail in later chapters, a brief explanation of their 
components and operating principles is essential at 
this point.

Figure 48–20 A mechanically activated stoplight 
switch. Courtesy of Toyota Motor Sales, U.S.A., Inc.
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Drum Brakes
A drum brake assembly consists of a cast-iron drum, 
which is bolted to and rotates with the vehicle’s wheel, 
and a fixed backing plate to which the shoes, wheel 
cylinders, automatic adjusters, and linkages are 
attached (Figure 48–21). Additionally, there might be 
some extra hardware for parking brakes. The shoes 
are surfaced with frictional linings, which contact the 
inside of the drum when the brakes are applied. The 
shoes are forced outward by pistons located inside 
the wheel cylinder. They are actuated by hydraulic 
pressure. As the drum rubs against the shoes, the 
energy of the moving drum is transformed into heat. 
This heat energy is passed into the atmosphere. When 
the brake pedal is released, hydraulic pressure drops 
and the pistons are pulled back to their unapplied 
position by return springs.

Disc Brakes
Disc brakes resemble the brakes on a bicycle: the fric-
tion elements are in the form of pads, which are 
squeezed or clamped about the edge of a rotating 
wheel. With automotive disc brakes, this wheel is a 

separate unit, called a rotor, inboard of the vehicle 
wheel (Figure 48–22). The rotor is made of cast iron. 
Since the pads clamp against both sides of it, both 
sides are machined smooth. Usually the two surfaces 
are separated by a finned center section for better 
cooling (such rotors are called ventilated rotors). The 
pads are attached to a metal backing that is actuated 
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Figure 48–21 Typical nonservo drum brake assembly.

Figure 48–22 The caliper of a disc brake assembly.
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by pistons the same as with drum brakes. The pistons 
are contained within a caliper assembly, a housing 
that wraps around the edge of the rotor. The caliper is 
kept from rotating by way of bolts holding it to the 
car’s suspension framework.

The caliper is a housing containing the pistons 
and related seals, springs, and boots as well as the cyl-
inders and fluid passages necessary to force the fric-
tion linings or pads against the rotor. The caliper 
resembles a hand in the way it wraps around the edge 
of the rotor. It is attached to the steering knuckle. 
Some models use spring pressure to keep the pads 
close against the rotor. In other caliper designs this is 
achieved by a square-cut seal that distorts during 
brake application and returns to its original position 
as the brakes are released. This assists in retracting 
the piston into its cylinder and moves the pad off the 
rotor.

Unlike shoes in a drum brake, the pads act per-
pendicular to the rotation of the disc when the brakes 
are applied. This effect is different from that produced 
in a brake drum, where frictional drag actually pulls 
the shoe into the drum. Disc brakes are said to be 
non–self-energizing and so require more force to 
achieve the same braking effort. For this reason, they 
are ordinarily used in conjunction with a power brake 
unit.

HYDRAULIC SYSTEM SERVICE
Hydraulic system service is relatively uncomplicated, 
but it is vital to the vehicle’s safe operation.

Brake Fluid Inspection

! W A R N I N G !

Clean the cover before removal to avoid 
dropping dirt into the reservoir.

Chapter 7 for details on how to check 
fluid levels.

Brake Fluid Inspection
There are many ways to check for contaminated fluid. 
The color of the fluid is a good indication of its condi-
tion. Most brake fluids should be clear to amber in 

color; if the fluid is cloudy or dark, it is contaminated. 
The fluid can also be checked by placing a small 
amount of fluid in a clear glass jar. If the fluid is dirty 
or separates into layers, it is contaminated. 

Test strips are also available. A strip of treated 
paper is dipped into the reservoir (Figure 48–23). The 
paper will change colors corresponding to the condi-
tion of the fluid. The resulting color is then matched 
to the color chart that accompanies the test strips. 

Special brake fluid testers are also available. These 
measure the fluid’s boiling point, which is an indica-
tion of moisture content.

Contaminated brake fluid can damage rubber 
parts and cause leaks. To rid the system of contami-
nated brake fluid, the system should be flushed and 
refilled with new fluid. 

Master Cylinder Inspection
Master cylinder problems are quite common but not 
always readily evident. However, there are times 
when the master cylinder is suspect and the problem 
lies elsewhere. Accurate and logical troubleshooting 
is the only way to truly determine if the master cylin-
der is working properly. Although brake pedal 
response and reservoir fluid levels are strong indica-
tors of problems with the master cylinder or hydrau-
lic system, other tests can be performed to help 
pinpoint the problem. 

Check the master cylinder housing for cracks and 
damage (Figure 48–24). Look for drops of brake fluid 
around the master cylinder. If a reservoir chamber is 
cracked, it may be completely empty and the 
surrounding area may be dry. This is because the fluid 

Figure 48–23 A test strip can be used to check for 
copper contaminants in the brake fluid. Courtesy of Phoenix 
Systems LLC
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drained very quickly and has had time to evaporate or 
wash away. But with only one-half of the brake sys-
tem operational, the brake warning lamp should be 
lit and a test drive should reveal the loss of braking 
power.

Refill the master cylinder reservoir section that is 
empty and apply the brakes several times. Wait 5 to 
10 minutes and check for leakage or fluid level drop in 
the reservoir. 

Hydraulic brake system leaks can be internal or 
external. Most internal leaks are actually fluid bypass-
ing the cups in the master cylinder. If the cups lose 
their ability to seal the pistons, brake fluid leaks past 
the cups and the pistons cannot develop system 
pressure.

Internal and external rubber parts wear with use 
or can deteriorate with age or fluid contamination. 
Moisture or dirt in the hydraulic system can cause 
corrosion or deposits to form in the bore, resulting in 
the wear of the cylinder bore or its parts. Although 
internal leaks do not cause a loss of brake fluid, they 
can result in a loss of brake performance. Internal 
leakage will cause sinking pedal complaints and can 
be hard to pinpoint.

If the primary piston cup seal is leaking, the fluid 
will bypass the seal and move between the vent and 
replenishing ports for that reservoir or, in some cases, 
between reservoirs.

If there are no signs of external leakage, but the 
brake warning lamp is lit, the master cylinder may 
have an internal leak. To check for an internal leak in 
the master cylinder, remove the master cylinder cover 
and be sure the reservoirs are at least half full. Watch 
the fluid levels in the reservoirs while a helper slowly 
presses the brake pedal and then quickly releases it. If 
the fluid level rises slightly under steady pressure, the 
piston cups are probably leaking. Fluid level rising in 
one reservoir and falling in the other as the brake 
pedal is pressed and released also can indicate that 
fluid is bypassing the piston cups. Replace or rebuild 
the master cylinder if there is evidence of leakage.

Another quick test for internal leakage is to hold 
pressure on the brake pedal for about 1 minute. If the 
pedal drops but no sign of external leakage exists, 
fluid is probably bypassing the piston cups.

Quick Take-Up Valve Checks The quick take-up 
valve is used to provide a high volume of fluid on the 
first pedal stroke. This action takes up the slack in the 
low-drag caliper pistons. No direct test method exists 
for a quick take-up valve, but excessive pedal travel 
on the first stroke may indicate that fluid is bypassing 
the valve. If this symptom exists, check for a damaged 
or unseated valve. If the pedal returns slowly when 
the brakes are released, the quick take-up valve may 
be clogged so that fluid flow from the cylinder to the 
reservoir is delayed.

Air Entrapment Test
Poor pedal feel or action may be caused by trapped 
air in the system. Trapped air can be the result of a 
worn or defective master cylinder or other parts of the 
system. Air will also enter the system if there is a fluid 
leak. If there are no signs of leaks, check the system for 
trapped air.

C A U T I O N !
This test may result in brake fluid bubbling or 
spraying out of the master cylinder reservoir. 
Wear safety goggles. Cover the master cylinder 
reservoirs with clear plastic wrap or other 
suitable cover to keep brake fluid off the 
vehicle’s paint.

To check for entrapped air, remove the cover of 
the master cylinder and make sure the reservoirs are 
filled to the proper level. Hold the cover and gasket 
against the reservoir top but do not secure it with its 
clamp or screws. Then have an assistant pump the 
brake pedal ten to twenty times rapidly and maintain 

Reservoir cap
(Check for blockage

of vent hole)

Reservoir seal
(Check for damage
and deterioration)

Strainer
(Remove accumulated

sediment)

Reservoir

Master cylinder
(Check for leaks,

rust, and damage)

Figure 48–24 When inspecting a master cylinder, 
make sure to carefully check these items.
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pressure after the last pedal application. Remove the 
cover and have the assistant quickly release pedal 
pressure. Watch for a squirt of brake fluid from the 
reservoirs. If air is compressed in the system, it will 
force fluid back through the compensating ports 
faster than normal and cause fluid to squirt in the res-
ervoir. If a fluid squirt appears in one side of the reser-
voir but not the other, that side of the split hydraulic 
system contains the trapped air. If there is air trapped 
in the system, bleed the system and recheck.

System Flushing
Currently, more than a dozen manufacturers specify 
periodic brake fluid changes for some, or all, of their 
models built during the past 12 years. Change inter-
vals vary from as often as every 12 months or 15,000 
miles to as infrequently as every 60,000 miles. All 
brake systems accumulate sludge over some period 
of time. Flushing the system can remove this sludge 
and any moisture, but once you have disturbed the 
sludge, you want to be sure you get it all out of the 
system. Stirring up sludge from the master cylinder 
reservoir may cause it to get into ABS valves and 
pumps if you do not get it all out of the system.

Brake hoses for disc brakes usually enter the cali-
per near the top of the caliper body. The bleeder valve 
is also located at the top of the caliper bore. If sludge 
accumulates in the caliper bore, it collects at the bot-
tom. A quick, superficial bleeding of the caliper will 
not flush out the sludge and all of the old fluid. To 
flush a caliper thoroughly, pump several ounces of 
fluid through it. On some vehicles during brake pad 
replacement, you may want to remove the caliper 
from its mounts and retract the piston to force out all 
the old fluid. Then reinstall it and thoroughly flush it 
with fresh fluid.

Flushing should be done at each bleeder screw in 
the same manner as bleeding. Open the bleeder screw 
approximately 1½ turns and force fluid through the 
system until the fluid emerges clear and uncontami-
nated. Do this at each bleeder screw in the system. 
After all lines have been flushed, bleed the system 
using one of the common bleeding procedures. All 
contaminated fluid should be drawn out of the mas-
ter cylinder reservoir before bleeding. Make sure you 
dispose of the old brake fluid in the proper manner.

Brake Line Inspection Check all tubing, hoses, and 
connections from under the hood to the wheels for 
leaks and damage. Also check for weak areas where 
the hose may collapse. Wheels and tires should also 
be inspected for signs of brake fluid leaks. Check all 
hoses for flexibility, bulges, and cracks. Check parking 

brake linkage, cable, and connections for damage 
and wear. Replace parts where necessary.

Brake Pedal Inspection Depress and release the 
brake pedal several times (engine running for power 
brakes). Check for friction and noise. Pedal move-
ment should be smooth, with no squeaks from the 
pedal or brakes. The pedal should return quickly 
when it is released.

When operating the engine, be sure the transmis-
sion lever is in neutral or park. Be sure the area is 
properly ventilated for the exhaust to escape.

Apply heavy foot pressure to the brake pedal 
(engine running for power brakes). Check for a spongy 
pedal and pedal reserve. Spongy pedal action is 
springy. Pedal action should feel firm. Pedal reserve 
is the distance between the brake pedal and the floor 
after the pedal has been depressed fully. The pedal 
should not go lower than 1 or 2 inches (25 or 50 mm) 
above the floor.

With the engine off, hold light foot pressure on the 
pedal for about 15 seconds. There should be no pedal 
movement during this time. Pedal movement indi-
cates a leak. Repeat the procedure using heavy pedal 
pressure (engine running for power brakes).

If there is pedal movement but the fluid level is not 
low, the master cylinder has internal leakage. It must 
be rebuilt or replaced. If the fluid level is low, there is 
an external leak somewhere in the brake system. The 
leak must be repaired.

Depress the pedal and check for proper stoplight 
 operation.

To check power brake operation, depress and 
release the pedal several times while the engine is 
stopped. This eliminates vacuum from the system. 
Hold the brake down with moderate foot pressure 
and start the engine. If the power unit is operating 
properly, the brake pedal moves downward when the 
engine is started.

S H O P  T A L K 
Master cylinders are seldom rebuilt; rather, they 
are replaced as a unit. The following overview 
for rebuilding a master cylinder is only intended 
to give you an understanding of what may be 
done. Always refer to the service information 
when attempting to rebuild a master cylinder.

Master Cylinder Rebuilding A master cylinder is 
rebuilt to replace leaking seals or gaskets. If a more 
serious problem exists, the master cylinder should be 
replaced.
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To remove a master cylinder, disconnect the brake 
lines at the master cylinder. Install plugs in the brake 
lines and master cylinder to prevent dirt from enter-
ing. Remove the nuts that attach the master cylinder 
to the fire wall power brake unit, and remove the 
cylinder.

Remove the cover and seal. Drain the master cyl-
inder and carefully mount it in a vise. Remove the 
piston assembly and seals according to the manufac-
turer’s instructions. New pistons, pushrods, and seals 
are usually included in rebuilding kits.

Clean master cylinder parts only with brake fluid, 
brake cleaning solvent, or alcohol. Do not use a sol-
vent containing mineral oil, such as gasoline. Mineral 
oil is very harmful to rubber seals.

Inspect the master cylinder. Damage, cracks, 
porous leaks, and worn piston bores mean the master 
cylinder must be replaced. Check very carefully for 
pitting or roughness in the bore. If any are present, 
the cylinder must be replaced.

Reassemble, install, and bleed the master cylinder 
according to the manufacturer’s directions. Photo 
Sequence 51 is a typical procedure for bench bleed-
ing a master cylinder.

! W A R N I N G !

Brake fluid will remove paint. Always use 
fender covers to protect the vehicle’s finish 
and take extra care not to spill brake fluid.

Hydraulic System Bleeding
Fluids cannot be compressed, whereas gases are 
compressible. Any air in the brake hydraulic system is 
 compressed as the pressure increases. This action 
reduces the amount of force that can be transmitted 
by the fluid, therefore it is very important to keep all 
air out of the hydraulic system. To do this, air must be 
bled from brakes. This procedure is called bleeding 
the brake  system.

Bleeding is a process of forcing fluid through the 
brake lines and out through a bleeder valve or bleeder 
screw (Figure 48–25). The fluid eliminates any air that 
might be in the system. Bleeder screws and valves are 
fastened to the wheel cylinders or calipers. The 
bleeder must be cleaned. A drain hose then is con-
nected from the bleeder to a glass jar (Figure 48–26).

Two types of brake bleeding procedures are used: 
manual bleeding (vacuum bleeding) and pressure 
bleeding. On some antilock brake systems, a scan tool 
can be used to help bleed the brakes. Always follow 

the manufacturer’s recommendations when bleed-
ing brakes. The sequence in which bleeding is per-
formed can be critical. To remove vacuum, the engine 
must be off. Pump the brake pedal several times.

! W A R N I N G !

Always use fresh brake fluid when bleeding 
the system. Do not use fluid that has been 
drained. Drained fluid may be contaminated 
and can damage the system.

Bleeding Sequence All manufacturers recommend 
a specific sequence to follow when bleeding a vehi-
cle’s brakes. These recommendations can be found 
in service manuals and should be followed. If the 

Figure 48–25 The wheel brake hydraulic units are 
fitted with bleeder screws.

Figure 48–26 While bleeding the brake system, 
releasing the fluid into a glass jar will help to determine when 
the system is free of air.
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PHOTO 
SEQUENCE

51
Typical Procedure for Bench Bleeding 
a Master Cylinder

P51–1 Mount the master cylinder 
firmly in a vise, being careful not to 
apply excessive pressure to the casting. 
Position the master cylinder so the bore 
is  horizontal.

P51–2 Connect short lengths of 
tubing to the outlet ports, making sure 
the connections are tight.

P51–3 Bend the tubing lines so 
that the ends are in each chamber of 
the master cylinder reservoir.

P51–4 Fill the reservoirs with fresh 
brake fluid until the level is above the 
ends of the tubes.

P51–5 Using a wooden dowel or 
the blunt end of a drift or punch, slowly 
push on the master cylinder pistons until 
both are completely bottomed out in 
their bore.

P51–6 Watch for bubbles to appear 
at the tube ends immersed in the fluid. 
Slowly release the cylinder piston and 
allow it to return to its original position. 
On quick take-up master cylinders, wait 
15 seconds before pushing in the piston 
again. On other units, repeat the stroke 
as soon as the piston returns to its 
original position. Slow piston return is 
normal for some master cylinders.

manufacturer’s recommendations are not available, 
the following sequence will work on most vehicles:

 1. Master cylinder

 2. Combination valve or proportioning valve (if fit-
ted with bleeder screws)

 3. Right rear

 4. Left rear

 5. Right front

 6. Left front

 7. Height-sensing proportioning valve (if there is a 
bleeder screw)

This sequence is based on the principles of 
starting at the highest point in the system and 
working downward, then starting at the wheel 

farthest from the master cylinder and working to 
the closest. A couple of more general rules also are 
worth remembering.

If the brake system is split between the front and 
rear wheels, the rear wheels (which are farthest from 
the master cylinder) usually are bled first. If the brake 
system is split diagonally, the most common sequence 
is: RR-LF-LR-RF (Figure 48–27). This sequence also 
applies to most systems with a quick take-up master 
cylinder. If you bleed a quick take-up system in any 
other sequence, you may chase air throughout the 
system.

Exceptions to the general rules exist, however. 
Chrysler, for example, recommends bleeding both 
rear brakes before the front brakes, regardless of how 
the hydraulic system is split.
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PHOTO 
SEQUENCE

51
Typical Procedure for Bench Bleeding 
a Master Cylinder (continued)

P51–9 Install the master cylinder 
on the vehicle. Attach the lines, but do 
not tighten the tube connections.

P51–8 Remove the tubes from the 
outlet ports and plug the openings with 
temporary plugs or your fingers. Keep 
the ports covered until you install the 
master cylinder on the vehicle.

P51–7 Pump the cylinder piston 
until no bubbles appear in the fluid.

P51–10 Slowly depress the pedal 
several times to force out any air that 
might be trapped in the connections 
each time the pedal is depressed. 
Before releasing the pedal, tighten the 
nut slightly and loosen it before 
depressing the pedal each time. Soak 
up the fluid with a rag to avoid 
damaging the car finish.

P51–11 When there are no air 
bubbles in the fluid, tighten the 
connections to the manufacturer’s 
specifications. Make sure the master 
cylinder reservoirs are adequately filled 
with brake fluid.

P51–12 After reinstalling the 
master cylinder, bleed the entire brake 
system on the vehicle.

Manual Bleeding A manual bleeding procedure 
requires two people. One person operates the bleeder; 
the other, the brake pedal. Bleed only one wheel at a 
time.

! W A R N I N G !

Be sure the bleeder hose is below the surface 
of the liquid in the jar at all times. Do not allow 
the master cylinder to run out of fluid at any 
time. If these precautions are not followed, 
air can enter the system, and it must be bled 
again. The master cylinder cover must be kept 
in place.

Place the bleeder hose and jar in position. Have a 
helper pump the brake pedal several times and then 
hold it down with moderate pressure. Slowly open 
the bleeder valve. After fluid/air has stopped flowing, 
close the bleeder valve. Have the helper slowly release 
the pedal. Repeat this procedure until fluid that flows 
from the bleeder is clear and free of bubbles.

Discard all used brake fluid. Fill the master cylin-
der reservoir. Check the brakes for proper operation.

! W A R N I N G !

Clean the master cylinder and cover before 
adding fluid. This is important for preventing 
dirt from entering the reservoir.
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Pressure Bleeding A pressure bleeding procedure can 
be done by one person. Pressure bleeding equipment 
uses pressurized fluid that flows through a special 
adapter fitted into the master cylinder (Figure 48–28).

The use of pressure bleeding equipment varies with 
different automobiles and different equipment makers. 

Always follow the automobile manufacturer’s recom-
mendations when using pressure bleeding equipment.

On automobiles with metering valves, the valve 
must be held open during pressure bleeding. A spe-
cial tool is used to hold open the metering section of a 
combination valve.

USING SERVICE INFORMATION
Consult the service manual to be sure the proper 
bleeding sequence is followed. If a vehicle requir-
ing a special sequence is bled in the conventional 
manner, air might be chased throughout the 
system.

Open the bleeder valves one at a time until clear, 
air-free fluid is flowing. Progress from the wheel 
cylinder farthest from the master cylinder to the 
cylinder closest.

Do not exceed recommended pressure while 
bleeding the brakes. Always release air pressure after 
bleeding. Clean and fill the master cylinder after pres-
sure bleeding. Check the brakes for proper operation. 
Be sure to remove the special tool used to hold the 
metering valve.

Right rear

Left rear

Right front

Left front

1

2

3

4

Figure 48–27 The recommended bleeding sequence for a diago-
nally split brake system.

Bleeder
adapter

Master cylinder
   reservoir

Figure 48–28 An adapter that installs onto the 
reservoir’s fill opening is required to pressure the brake 
system. 
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POWER BRAKES
Power brakes are nothing more than a standard 
hydraulic brake system with a booster unit located 
between the brake pedal and the master cylinder to 
help activate the brakes.

Two basic types of power-assist mechanisms are 
used. The first is vacuum assist. These systems use 
engine vacuum, or sometimes vacuum pressure 
developed by an external vacuum pump, to help 
apply the brakes. The second type of power assist is 
hydraulic assist. It is normally found on larger vehi-
cles. This system uses hydraulic pressure developed 
by the power steering pump or other external pump 
to help apply the brakes.

Both vacuum and hydraulic assist act to multiply 
the force exerted on the master cylinder pistons by 
the driver. This increases the hydraulic pressure deliv-
ered to the wheel cylinders or calipers while decreas-
ing driver foot pressure.

Vacuum-Assist Power Brakes
All vacuum-assisted units are similar in design. They 
generate application energy by opposing engine vac-
uum to atmospheric pressure. A piston and cylinder, 
flexible dia phragm, or bellows use this energy to pro-
vide braking assistance.

All modern vacuum-assist units are vacuum-
suspended systems. This means the diaphragm inside 

the unit is balanced using engine vacuum until the 
brake pedal is depressed. Applying the brake allows 
atmo spheric pressure to unbalance the diaphragm 
and allows it to move generating application 
pressure.

Atmospheric pressure is normally between 14 and 
15 psi (96.5 and 103 kPa). If the diameter of the dia-
phragm is 12 inches (305 mm), the area of the dia-
phragm is about 113 square inches (72,907 sq. mm). 
Since the vacuum to the booster is typically 17 inches 
of mercury (432 mm Hg) or about 7 psi (48 kPa), the 
pressure differential on the diaphragm is 7.7 psi 
(53 kPa). Therefore, the resulting force on the dia-
phragm would be 870 pounds (3870 N) (7.7 � 113).

Vacuum boosters may be single diaphragm or 
tandem diaphragm. The unit consists of three basic 
elements combined into a single power unit (Fig-
ure 48–29).

The three basic elements of the single diaphragm 
 follow:

 1. A vacuum power section that includes a front 
and rear shell, a power diaphragm, a return 
spring, and a pushrod.

 2. A control valve built as an integral part of the 
power diaphragm and connected through a valve 
rod to the brake pedal. It controls the degree of 
brake application or release in accordance with 
the pressure applied to the brake pedal.

Figure 48–29 A typical vacuum brake booster. Courtesy of Chrysler LLC
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 3. A hydraulic master cylinder, attached to the vac-
uum power section that contains all the elements 
of the conventional brake master cylinder except 
for the pushrod. It supplies fluid under pressure 
to the pressure applied by the brake booster.

Operation When the brakes are applied, the valve 
rod and plunger move to the left in the power dia-
phragm. This action closes the control valve’s vacuum 
port and opens the atmospheric port to admit air 
through the valve at the rear diaphragm chamber. 
With vacuum in the rear chamber, a force develops 
that moves the power diaphragm, hydraulic pushrod, 
and hydraulic piston or pistons to close the compen-
sating port or ports and force fluid under pressure 
through the residual check valve or valves and lines 
into the front and rear brake assemblies.

As pressure develops in the master cylinder, a 
counterforce acts through the hydraulic pushrod and 
reaction disc against the vacuum power diaphragm 
and valve plunger. This force tends to close the atmo-
spheric port and reopen the vacuum port. Since this 
force is in opposition to the force applied to the brake 
pedal by the operator, it gives the operator a feel for 
the amount of brake applied.

Servicing Vacuum-Assist Booster Units The fact 
that a vehicle’s brakes still operate when the vacuum-
assist unit fails indicates that the hydraulic brake sys-
tem and the vacuum-assist system are two separate 
systems. This means you should always check for 
faults in the hydraulic system first. If it checks out sat-
isfactorily, start inspecting the vacuum-assist circuit.

For a fast check of vacuum-assist operation, press 
the brake pedal firmly and then start the engine. The 
pedal should fall away slightly and less pressure 
should be needed to maintain the pedal in any 
position.

Pressure Check Another simple check can be made 
by installing a suitable pressure gauge in the brake 
hydraulic system. Take a reading with the engine off 
and the power unit not operating. Maintain the same 
pedal height, start the engine, and read the gauge. 
There should be a substantial pressure increase if the 
vacuum-assist booster is operating correctly.

Pedal Travel Pedal travel and total travel are critical 
on vacuum-assisted vehicles. Pedal travel should be 
kept strictly to specifications listed in the vehicle’s 
service  manual.

Vacuum Reading If the power unit is not giving suffi-
cient assistance, take a manifold vacuum reading. If 

manifold vacuum level is below specifications, tune 
the engine and retest the unit. Loose or damaged vac-
uum lines and clogged air intake filters reduce brak-
ing assistance. Most units have a check valve that 
retains some vacuum in the system when the engine 
is off. A vacuum gauge check of this valve indicates if 
it is restricted or stays open.

Release Problems Failure of the brakes to release is 
often caused by a tight or misaligned connection 
between the power unit and the brake linkage. Bro-
ken pistons, dia phragms, bellows, or return springs 
can also cause this problem.

To help pinpoint the problem, loosen the connec-
tion between the master cylinder and the brake 
booster. If the brakes release, the problem is caused 
by internal binding in the vacuum unit. If the brakes 
do not release, look for a crimped or restricted brake 
line or similar problem in the hydraulic system.

Hard Pedal Power brakes that have a hard pedal may 
have collapsed or leaking vacuum lines of insufficient 
manifold vacuum. Punctured diaphragms or bellows 
and leaky piston seals all lead to weak power unit 
operation and hard pedal. A steady hiss when the 
brake is held down indicates a vacuum leak that 
causes poor  operation.

Grabbing Brakes First, look for all the usual causes of 
brake grab, such as greasy linings, or scored rotors or 
drums. If the trouble appears to be in the power unit, 
check for a damaged reaction control. The reaction 
control is made up of a diaphragm, spring, and valve 
that tend to resist pedal action. It is put into the sys-
tem to give the driver more brake pedal feel.

Check of Internal Binding Release problems, hard 
pedal, and dragging (slow releasing) brakes can all be 
caused by internal binding. To test a vacuum unit for 
internal binding, place the transmission/transaxle in 
neutral and start the engine. Increase engine speed to 
1,500 rpm, close the throttle, and completely depress 
the brake pedal. Slowly release the brake pedal and 
stop the engine. Remove the vacuum check valve and 
hose from the vacuum assist unit. Observe for back-
ward movement of the brake pedal. If the brake pedal 
moves backward, there is internal binding and the 
unit should be replaced.

PUSHROD ADJUSTMENT
Proper adjustment of the master cylinder pushrod is 
necessary to ensure proper operation of the power 
brake system. A pushrod that is too long causes the 
master cylinder piston to close off the vent port, 
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Figure 48–30 A gauge for measuring pushrod 
length. 

Gauge

Adjust the pushrod
screw to provide a
 slight pressure of
  approximately 5
pounds against the
        gauge.

M
A

X
 

M
IN

Pushrod

preventing hydraulic pressure from being released 
and resulting in brake drag. A pushrod that is too short 
causes excessive brake pedal travel and causes groan-
ing noises to come from the booster when the brakes 
are applied. A properly adjusted pushrod that remains 
assembled to the booster with which it was matched 
during production should not require service adjust-
ment. However, if the booster, master cylinder, or 
pushrod are replaced, the push rod might require 
adjustment.

Two methods can be used to check for proper 
pushrod length and installation: the gauge method 
and the air method.

Gauge Method
In most vacuum power units, the master cylinder 
pushrod length is fixed, and length is usually checked 
only after the unit has been overhauled or replaced. A 
typical adjustment using the gauge method is shown 
in Figure 48–30.

Air Method
The air-testing method uses compressed air applied 
to the hydraulic outlet of the master cylinder. Air pres-
sure is regulated to a value of approximately 5 psi 
(35 kPa) to prevent brake fluid spraying from the 
master cylinder.

If air passes through the replenishing port, which 
is the smaller of the two holes in the bottom of the 
master cylinder reservoir, the adjustment is satisfac-
tory. If air does not flow through the replenishing 
port, adjust the pushrod as required, either by means 

of the adjustment screw (if provided) or by adding 
shims between the master cylinder and power unit 
shell until the air flows freely.

HYDRAULIC BRAKE BOOSTERS
Decreases in engine size, plus the continued use of 
engine vacuum to operate other engine systems, such 
as emission control devices, led to the development 
of hydraulic-assist power brakes. These systems use 
fluid pressure, not vacuum pressure, to help apply 
the brakes. They are mostly found on diesel engines 
and other engines that have low vacuum.

Fluid pressure from the power-steering pump 
provides the power assist to the brakes. The power 
brake booster is located between the cowl and the 
master cylinder. Hoses connect the power-steering 
pump to the booster assembly.

The power-steering pump provides a continuous 
flow of fluid to the brake booster whenever the engine 
is running. Three flexible hoses route the power-
steering fluid to the booster. One hose supplies pres-
surized fluid from the pump. Another hose routes the 
pressurized fluid from the booster to the power-
steering gear assembly. The third hose returns fluid 
from the booster to the power-steering pump.

The hydraulic pressure in the hydraulic booster 
should not be confused with the hydraulic pressure 
in the brake lines. Remember that they are two sepa-
rate systems and require two different types of fluid: 
power-steering fluid for the pump and brake fluid for 
the brake system. Never put power-steering fluid in 
the brake reservoir. If the brake fluid becomes con-
taminated by power-steering fluid, the brake system 
must be flushed.

Some systems have a nitrogen charged pneumatic 
accumulator on the booster to provide reserve power-
assist pressure. If power-steering pump pressure is 
not available due to belt failure or similar problems, 
the accumulator pressure is used to provide brake 
assist.

The booster assembly (Figure 48–31) consists of 
an open center spool valve and sleeve assembly, a 
lever assembly, an input rod assembly, a power pis-
ton, an output pushrod, and the accumulator. The 
booster assembly is mounted on the vehicle in much 
the same manner as a vacuum booster. The pedal rod 
is connected at the booster input rod end.

Power-steering fluid flow in the booster unit is 
controlled by a hollow center spool valve. The spool 
valve has lands, annular grooves, and drilled pas-
sages. These mate with grooves and lands in the valve 
bore. The flow pattern of the fluid depends on the 
alignment of the valve in the bore.
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Operation
When the brake pedal is depressed, the pedal’s push-
rod moves the master cylinder’s primary piston for-
ward. This causes the lever assembly of the booster to 
move a sleeve forward to close off the holes leading to 
the open center of the spool valve. A small additional 
lever movement moves the spool valve into the spool 
valve bore. The spool valve then diverts some hydrau-
lic fluid into the cavity behind the booster piston build-
ing up hydraulic pressure that moves the piston and a 
pushrod forward. The output pushrod moves the pri-
mary and secondary master cylinder pistons that apply 
pressure to the brake system. When the brake pedal is 
released, the spool and sleeve assemblies return to 
their normal positions. Excess fluid behind the piston 
returns to the power-steering pump reservoir through 
the return line. After the brakes have been released, 
pressurized fluid from the power-steering pump flows 
into the booster through the open center of the spool 
valve and back to the power-steering pump.

There have been many variations of and names 
given to hydraulic brake booster systems. The 
most common names are the hydro-boost system 
produced by Bendix and the Powermaster system 
produced by General Motors. The Powermaster 
system is a little different from the rest in that it 
uses a self-contained hydraulic booster that is 
built directly onto the master cylinder. Instead of 
relying on the power-steering pump for hydraulic 
pressure as is done in the other systems, the Pow-
ermaster has its own vane pump and electric 
motor to provide the hydraulic pressure required 
for booster operation.

Any investigation of a hydraulic boost complaint 
should begin with an inspection of the power-steer-
ing pump belt, fluid level, and hose condition and 
connections. Hydraulic boost systems do not work 
properly if they are not supplied with a continuous 
supply of clean, bubble-free power-steering fluid at 
the proper pressure.

Figure 48–31 A hydraulic brake booster. Courtesy of Chrysler LLC
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! W A R N I N G !

Always depressurize the accumulator of any 
hydraulic boost system before disconnecting 
any brake lines or hoses. This is usually done 
by turning the engine off and depressing and 
releasing the brake pedal up to ten times.

Basic Operational Test
The basic operational test of these systems is as fol-
lows. With the engine off, pump the brake pedal 
numerous times to bleed off the residual hydraulic 
pressure that is stored in the accumulator. Hold firm 
pressure on the brake pedal and start the engine. The 
brake pedal should move downward, then push up 
against the foot.

Accumulator Test
To be sure the accumulator is performing properly, 
rotate the steering wheel with the engine running 
until it stops and hold it in that position for no more 
than 5 seconds. Return the steering wheel to the cen-
ter position and shut off the engine. Pump the brake 
pedal. You should feel two to three power-assisted 
strokes. Now repeat the steps. That pressurizes the 
accumulator. Wait one hour, then pump the brake 
pedal. There should be two or three power-assisted 
strokes. If the system does not perform as just 
described, the accumulator is leaking and should be 
replaced.

Noise Troubleshooting
The booster is also part of another major subsystem 
of the vehicle, the power-steering system. Problems 
or malfunctions in the steering system may affect 
brake-assist operation. The following are some com-
mon trouble shooting tips.

Moan or low-frequency hum usually accompa-
nied by a vibration in the pedal or steering column 
might be encountered during parking or other very 
low-speed maneuvers. This can be caused by a low 
fluid level in the power-steering pump, or by air in the 
power-steering fluid due to holding the pump at relief 
pressure (steering wheel held all the way in one direc-
tion) for an excessive amount of time (more than 
5 seconds). Check the fluid level and add fluid if nec-
essary. Allow the system to sit for 1 hour with the cap 
removed to eliminate the air. If the condition persists, 
it might be a sign of excessive pump wear. Check the 

pump according to the vehicle manufacturer’s rec-
ommended procedure.

At or near power runout (brake pedal near fully 
 depressed position), a high-speed fluid noise (like a 
faucet can make) might occur. This is a normal condi-
tion and will not be heard, except in emergency brak-
ing  conditions.

Whenever the accumulator pressure is used, a 
slight hiss is noticed. It is the sound of the hydraulic 
fluid escaping through the accumulator valve and is 
completely normal.

After the accumulator has been emptied and the 
engine is started again, another hissing sound might 
be heard during the first brake application or the first 
steering maneuver. This sound is caused by the fluid 
rushing through the accumulator charging orifice. It 
is normal and will only be heard once after the accu-
mulator is emptied. However, if this sound continues 
even though no apparent accumulator pressure assist 
was made, it could indicate that the accumulator is 
not holding pressure. Check for this possibility using 
the accumulator test discussed previously.

After bleeding, a gulping sound might be present 
during brake applications, as noted in the bleeding 
instructions. This sound is normal and should disap-
pear with normal driving and braking.

Diagnosis and testing of the Powermaster unit 
requires the use of a special adapter and test gauge or 
aftermarket equivalents. The Powermaster pressure 
switch is removed and the adapter and test gauge is 
installed in its port. The unit can then be energized, 
and the switch’s high-pressure cut-off and low-
pressure turn-on points observed and checked 
against specifications. Follow service manual instruc-
tions for the connection and operation of the test 
gauge and all system test procedures.

ELECTRIC PARKING BRAKES
Electrically operated parking brakes are becoming 
more common and are replacing mechanical sys-
tems. These systems operate as a conventional 
hydraulic brake for normal braking and as an electric 
brake for parking. With electric parking brakes, there 
is no need for a parking brake lever or pedal. This frees 
up space in the interior.

Electric parking brakes are seen as the first step 
toward brake-by-wire systems. Two different tech-
niques are currently being used by manufacturers. 
Some systems have an electric motor mounted on the 
rear brake calipers and others use an undercar motor 
to pull on the parking brake cables.

When the caliper is fitted with a motor (Fig-
ure 48–32), there is no need for parking brake cables 
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SUMMARY

■ The four factors that determine a vehicle’s braking 
power are pressure, which is provided by the 
hydraulic system; coefficient of friction, which 
represents the frictional relationship between 

Figure 48–32 This caliper is fitted with an electroni-
cally controlled motor that controls the application of the 
parking brake. Courtesy of Robert Bosch GmbH, www
.bosch-presse.de
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Vacuum assist
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and linkages. The motor is controlled by the PCM. 
The system interfaces with the vehicle’s controller 
area network (CAN) for continuous monitoring and 
feedback. This allows the system to do many things 
besides apply the parking brake, such as:

■ Provide some control during emergency braking.

■ Help stop the car if the hydraulic system fails. 

■ Automatically release the parking brakes when the 
throttle is opened.

■ Automatically engage when the ignition is turned 
off.

■ Automatically engage when the driver’s door is 
opened.

■ Keep the vehicle from rolling backward when 
stopped on a hill by applying the rear brakes until 
the driver operates the clutch or throttle pedals.

A customer brings her late-model vehicle to a 
brake specialty shop, complaining of occa-
sional rear brake lockup when the brakes are 
lightly applied. She is nervous because she 
feels the vehicle is unsafe to drive. The vehi-
cle is equipped with front disc and rear drum 
brakes.
 A thorough road test by the technician does 
not verify the complaint. Talking to the customer, 
the technician learns the problem most often 
occurs in damp or cold weather or when the 
vehicle has been sitting for a length of time.

CASE STUDY

 The technician performs a complete visual 
and operational inspection. He checks the 
action of the brake pedal, the power brake 
booster, and the combination valve. All sys-
tems are working fine. He then removes the 
rear drums and inspects the shoes and drums. 
Nothing appears out of order or broken. The 
technician turns to his supervisor for a sec-
ond opinion.
 After listening to a summary of the inspec-
tion and checks made to date, the shop 
supervisor checks the file on factory service 
bulletins for that model vehicle. The answer is 
found in a bulletin issued about a year after 
the vehicle was introduced. The OEM brake 
shoes were found to have a tendency to swell 
when  subjected to cold and wet. The factory 
recommended that another type of shoe be 
installed to correct the problem. If the techni-
cian had the experience to check the service 
bulletin file on the vehicle, valuable diagnos-
tic time would have been saved.
 The correct shoe is installed, and the vehi-
cle is road tested. The rear brakes no longer 
lock up.
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pads and rotors or shoes and drums; frictional 
contact surface, which means bigger brakes stop a 
car more quickly than smaller brakes; and head 
dissipation, which is necessary to prevent brake 
fade.

■ Today’s brake linings are fully metallic, semime-
tallic, nonasbestos organic, synthetic, carbon, or 
ceramic.

■ Since 1967, all cars have been required to have two 
separate brake systems. The dual brake system 
uses a tandem master cylinder, which is two mas-
ter cylinders with two separated pistons and fluid 
reservoirs in one cylinder bore.

■ The brake lines transmit brake fluid pressure from 
the master cylinder to the wheel cylinders and cal-
ipers of drum and disc brakes. Brake hoses offer 
flexible connections to wheel units and must offer 
high heat resistance.

■ A pressure differential valve is used in all dual 
brake systems to operate a warning light switch 
that alerts the driver if pressure is lost in either 
hydraulic system.

■ The metering valve, located in the front brake line, 
provides for better balance of the front and rear 
brakes while also preventing lockup of the front 
brakes. 

■ The proportioning valve controls rear brake pres-
sure, particularly during hard stops.

■ Bleeding removes air from the hydraulic system.

■ Flushing removes old brake fluid from the system 
and replaces it with fresh new fluid. This should be 
done about every 2 years.

■ Power brakes can be either vacuum assist or 
hydraulic assist. Vacuum-assisted units use engine 
vacuum or vacuum developed by an external 
pump to help apply the brakes. Hydraulic-assisted 
units use fluid pressure.

the rotating parts to slow down and stop. Just 
as the energy of the rotating parts is called 
kinetic , the friction used to stop them 
is called kinetic .

 5.  What is the purpose of the master cylinder 
vent port?

 6.  What is the purpose of the master cylinder 
replenishing port?

 7.  Explain why a height-sensing proportioning 
valve is required on some vehicles.

 8.  A three-function combination valve has a 
brake system failure switch, a  valve, 
and a  valve.

 9.  Explain how vacuum is used to provide a power 
assist.

10.  The purpose of the master cylinder is to .
 a.  generate the hydraulic pressure needed to 

apply the brake mechanisms
 b.  automatically pump the brakes during 

panic stops
 c.  apply braking power when wheel slippage 

occurs
 d. all of the above

11.  Which of the following can lead to brake hose 
failure?

 a. improperly matched fi ttings
 b. stressing the hose during installations
 c. deterioration from heat and contaminants
 d. all of the above

12.  True or False? Metering and proportioning 
valves balance the braking characteristics of 
disc and drum brakes.

13.  Which type of brake requires greater applica-
tion force and is commonly used with power-
boost units?

 a. drum
 b. disc
 c. parking
 d. none of the above

14.  Which of the following is not a factor in deter-
mining the effectiveness of a brake system?

 a. heat dissipation
 b. lubricant
 c. pressure
 d. frictional contact area

15.  Which of the following could cause an 
extremely hard brake pedal?

 a. air in the system
 b. excessively worn brake pads
 c. use of the wrong fl uid
 d.  a leaking diaphragm in the vacuum power 

booster

 1.  Explain why bleeding air out of a hydraulic 
system is so important.

 2.  Explain why modern hydraulic braking systems 
are dual designs, and why this is important.

 3.  Describe the functions of the hydraulic system 
combination valve.

 4.  When the brakes are applied on a moving car, 
the frictional parts (brake  or ) 
are forced against the rotating parts of the car 
(brake  or ). The friction causes 

REVIEW QUESTIONS
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harder the frictional parts are pushed together, 
the higher the friction. Technician B says that 
the harder the frictional parts are pushed 
together, the more heat is developed. Who is 
correct?

 a. Technician A c. Both A and B
 b. Technician B d. Neither A nor B

 7.  Vehicle dynamics during braking are being 
discussed:  Technician A says that the rear of 
the car rises during braking. Technician B says 
that the front of the car lowers during braking. 
Who is correct?

 a. Technician A c. Both A and B
 b. Technician B d. Neither A nor B

 8.  Pressure bleeding is being discussed: Techni-
cian A says that metering and combination 
valves must be held open using a special tool 
during the bleeding operation to ensure good 
results. Technician B says that the pressure 
bleeder requires special adapters to connect it 
to the master cylinder reservoir. Who is 
correct?

 a. Technician A c. Both A and B
 b. Technician B d. Neither A nor B

 9.  Technician A says that the master cylinder 
should be bled before any individual wheel 
assembly. Technician B says that the bleeder 
screw should be closed before the brake pedal 
is released during manual bleeding of the sys-
tem. Who is correct?

 a. Technician A c. Both A and B
 b. Technician B d. Neither A nor B

10.  The hydraulic system of the hydro-boost and 
Powermaster is being discussed: Technician A 
says that the hydro-boost uses a power steer-
ing pump. Technician B says that the Power-
master uses an electric motor-driven vane 
pump. Who is correct?

 a. Technician A c. Both A and B
 b. Technician B d. Neither A nor B

 1.  A vehicle’s power brakes are grabbing: Techni-
cian A says that the most likely cause is the 
power brake booster. Technician B says that a 
likely cause is greasy linings or scored drums. 
Who is correct?

 a. Technician A c. Both A and B
 b. Technician B d. Neither A nor B

 2.  While discussing what affects the amount of 
pressure exerted by the brakes: Technician A 
says that the shorter the line, the more pressure 
there will be. Technician B says that braking 
force will increase if the size of the pistons in a 
master cylinder are increased. Who is correct?

 a. Technician A c. Both A and B
 b. Technician B d. Neither A nor B

 3.  The metering valve portion of a combination 
valve fails: Technician A says that this means 
the entire combination valve must be replaced. 
Technician B says that the metering part can 
be repaired. Who is correct?

 a. Technician A c. Both A and B
 b. Technician B d. Neither A nor B

 4.  While discussing quick take-up master cylin-
ders: Technician A says that this design allows 
for increased braking power. Technician B 
says that this design is only used on drum 
brake systems. Who is correct?

 a. Technician A c. Both A and B
 b. Technician B d. Neither A nor B

 5.  While bleeding a brake system: Technician A 
loosens the brake line fi tting at the master cyl-
inder to bleed the system if a bleeder screw is 
seized cannot be loosened. Technician B uses 
shop air to push the fl uid and air from the wheel 
units to the master cylinder. Who is correct?

 a. Technician A c. Both A and B
 b. Technician B d. Neither A nor B

 6.  The basic frictional parts of a brake system are 
being discussed: Technician A says that the 

ASE-STYLE 
REVIEW QUESTIONS
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DRUM BRAKES
C H A P T E R

49
OBJECTIVES

■ Explain how drum brakes operate. ■ Identify the major components of a typical drum brake and 
describe their functions. ■ Explain the difference between duo-servo and nonservo drum 
brakes. ■ Perform a cleaning and inspection of a drum brake assembly. ■ Recognize conditions that 
adversely affect the performance of drums, shoes, linings, and related hardware. ■ Reassemble a 
drum brake after servicing. ■ Explain how typical drum parking brakes operate. ■ Adjust a typical 
drum parking brake.

For many years, drum brakes (Figure 49–1) were 
used on all four wheels on virtually every vehicle 

on the road. Today, disc brakes have replaced drum 
brakes on the front wheels of most vehicles and some 
models are equipped with both front and rear disc 
brakes. One reason for their continued use is that 
drum brakes can easily handle the 20% to 40% of 
total braking load placed on the rear wheels. Another 
is that drum brakes can also be built with a simple 
parking brake mechanism.

DRUM BRAKE OPERATION
Drum brake operation is fairly simple. The most 
important feature contributing to the effectiveness of 
the braking force supplied by the drum brake is the 

brake shoe pressure or force directed against the 
drum (Figure 49–2). With the vehicle moving in either 
the forward or reverse direction with the brakes 
on, the applied force of the brake shoe pressing 
against the brake drum increasingly multiplies itself 
(called self-energizing) because the brake’s anchor 
pin acts as a brake shoe stop and prohibits the brake 
shoe from its tendency to follow the movement of the 

Figure 49–1 A drum brake assembly.

REAR OF
VEHICLE

Figure 49–2 The wheel cylinder pushes the primary 
and secondary shoes against the inside surface of the rotat-
ing brake drum.
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rotating drum. The result is a wedging action between 
the brake shoe and brake drum. The wedging action 
combined with the applied brake force creates a self-
multiplied brake force.

DRUM BRAKE COMPONENTS
The backing plate provides a foundation for the 
brake shoes and associated hardware. The plate is 
secured and bolted to the axle flange or spindle. The 
wheel cylinder, under hydraulic pressure, forces the 
brake’s shoes against the drum. There are also two 
linked brake shoes attached to the backing plate. 
Brake shoes are the backbone of a drum brake. They 
must support the lining and carry it into the drum so 
the pressure is distributed across the lining surface 
during brake application. Shoe return springs and 
shoe holddown parts maintain the correct shoe posi-
tion and clearance. Some drum brakes are self-
adjusting. Others require manual adjustment 
mechanisms. Brake drums provide the rubbing sur-
face area for the linings. Drums must withstand high 
pressures without excessive flexing and must also 
dissipate large quantities of heat generated during 
brake application. Finally, the rear drum brakes on 
most vehicles include the parking brakes.

Wheel Cylinders
Wheel cylinders convert hydraulic pressure from the 
master cylinder into a mechanical force at the brakes 

(Figure 49–3). The wheel cylinder bore is filled with 
fluid. When the brake pedal is depressed, additional 
brake fluid is forced into the cylinder. The additional 
fluid moves the cups and pistons outward. This pis-
ton movement forces the brake shoes outward to the 
contact drum and thus applies the brakes. Piston 
stops prevent the fluid leakage or air from getting 
into the system when the pistons move to the end of 
their bores.

Brake Shoes and Linings
In the same brake shoe sizes, there can be differences 
in web thickness, shape of web cutouts, and positions 
of any reinforcements.

The shoe rim is welded to the web to provide a 
stable surface for the lining. The web thickness might 
differ to provide the stiffness or flexibility needed for 
a specific application. Many shoes have nibs or 
indented places along the edge of the rim. These nibs 
rest against shoe support ledges on the backing plate 
and keep the shoe from hanging up.

Each drum in the drum braking system contains a 
set of shoes. In a servo system, the primary shoe (or 
leading shoe) is the one that is toward the front of the 
vehicle. The friction between the primary shoe and 
the brake drum forces the primary shoe to shift slightly 
in the direction that the drum is turning. (An anchor 
pin permits just limited movement.) The shifting of 
the primary shoe forces it against the bottom of the 

Cup

Dust boot

Cup expander

Piston

Boot

Piston

Cup
Return spring and

cup expanders

Boot

Piston

Cup

Bleeder screw

Brake
fluid
line

Figure 49–3 The exploded view of a typical wheel cylinder.
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secondary shoe, which causes the secondary shoe to 
contact the drum. The secondary shoe (or trailing 
shoe) is the one that is toward the rear of the vehicle. 
It comes into contact as a result of the movement and 
pressure from the primary shoe and wheel cylinder 
piston and increases the braking action.

The brake shoe lining provides friction against the 
drum to stop the car. It contains heat-resistant fibers. 
The lining is molded with a high-temperature syn-
thetic bonding agent.

The two general methods of attaching the lining to 
the shoe are riveting and bonding. Regardless of the 
method of attachment, brake shoes are usually held 
in a position by spring tension. They are either held 
against the anchor by the shoe return springs or 
against the support plate pads by shoe holddown 
springs. The shoe webs are linked together at the end 
opposite the anchor by an adjuster and a spring. The 
adjuster holds them apart. The spring holds them 
against the adjuster ends.

Mechanical Components
In the unapplied position, the shoes are held against 
the anchor pin by the return springs. The shoes are 
held to the backing plate by holddown springs or 
spring clips. Opposite the anchor pin, a star wheel 
adjuster links the shoe webs and provides a threaded 
adjustment that permits the shoes to be expanded or 
contracted. The shoes are held against the star wheel 
by a spring.

Shoe Return Springs Return springs can be sepa-
rately hooked into a link or a guide (Figure 49–4) or 
strung between the shoes. Springs are normally 

installed on the anchor in the order shown under 
each category listed in Figure 49–5.

While shoe brake springs look the same, they are 
usually not interchangeable. Sometimes to help dis-
tinguish between them, they are color coded. Pay 
close attention to the colors and the way they are 
hooked up.

Shoe Holddowns Various shoe holddowns are 
illustrated in Figure 49–6. To unlock or lock the 
straight pin holddowns, depress the locking cup and 
coil spring or the spring clip, and rotate the pin or 
lock 90 degrees. On General Motors’ lever adjusters, 
the inner (bottom) cup has a sleeve that aligns the 
adjuster lever.

Shoe Anchors There are various types of shoe 
anchors such as the fixed nonadjustable type, self-
centering shoe sliding type, or on some earlier models, 
adjustable fixed-type providing either an eccentric or 

Figure 49–4 Typical brake shoe return spring 
alignments.

Figure 49–5 Typical brake shoe return spring 
anchoring points.
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a slotted adjustment. On some front brakes, fixed 
anchors are threaded into or are bolted through the 
steering knuckle and also support the wheel cylinder.

On adjustable anchors, when it is necessary to 
recenter the shoes in the drum or drum gauge, loosen 
the locknut enough to permit the anchor to slip but 
not so much that it can tilt.

Drums
Modern automotive brake drums are made of heavy 
cast iron (some are aluminum with an iron or steel 
sleeve or liner) with a machined surface inside against 
which the linings on the brake shoes generate friction 
when the brakes are applied. This results in the cre-
ation of a great deal of heat. The inability of drums to 
dissipate as much heat as disc brakes is one of the 
main reasons discs have replaced drums at the front 
of all late-model cars and light trucks, and at the rear 
of some sports and luxury cars.

Sometimes the rear drums of FWD cars are inte-
gral with the hub and cannot be removed without 
disassembling the wheel bearing. The rear drums of 
other FWD and most RWD cars are held in place by 
the wheel lugs so they can be removed without tam-
pering with the wheel bearings.

DRUM BRAKE DESIGNS
There are two brake designs in common use. They are 
duo-servo (or self-energizing) drum brakes and non-
servo (or leading-trailing) drum brakes.

Most large American cars use the duo-servo design 
of brake. However, the nonservo type has become 
popular as the size of cars has become smaller. 

Because the smaller cars are lighter, this type of brake 
helps reduce rear brake lockup without reducing 
braking ability.

Duo-Servo Drum Brakes
The name duo-servo drum brake is derived from the 
fact that the self-energizing force is transferred from 
one shoe to the other with the wheel rotating in either 
direction. Both the primary (front) and secondary 
(rear) brake shoes are actuated by a double-piston 
wheel cylinder. The upper end of each shoe is held 
against a single anchor by a heavy coil return spring. 
An adjusting screw assembly and spring connect the 
lower ends of the shoes.

The wheel cylinder is mounted on the backing 
plate at the top of the brake. When the brakes are 
applied, hydraulic pressure behind the wheel cylin-
der cups forces both pistons outward causing the 
brakes to be applied.

When the brake shoes contact the rotating drum 
in either direction of rotation, they tend to move with 
the drum until one shoe contacts the anchor and the 
other shoe is stopped by the star wheel adjuster link 
(Figure 49–7). With forward rotation, frictional forces 
between the lining and the drum of the primary shoe 
result in a force acting on the adjuster link to apply the 
secondary shoe. This adjuster link force into the sec-
ondary shoe is many times greater than the wheel cyl-
inder input force acting on the primary shoe. The 
force of the adjuster link into the secondary shoe is 
again multiplied by the frictional forces between the 
secondary lining and rotating drum, and all of the 
resultant force is taken on the anchor pin. In normal 
forward braking, the friction developed by the sec-
ondary lining is greater than the primary lining. 
Therefore, the secondary brake lining is usually 
thicker and has more surface area. The roles of the 

Figure 49–6 Types of brake shoe holddowns.

FRONT OF
VEHICLE

Figure 49–7 Duo-servo braking forces.
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primary and secondary linings are reversed in brak-
ing the vehicle when backing up.

Automatically Adjusted Servo Brakes 
Since the early 1960s, automatic drum brake adjust-
ers have been used on all American and most import 
vehicles. There are several variations of automatic 
adjusters used with servo brakes. The more common 
types available follow.

Basic Cable Figure 49–8 shows a typical automatic 
adjusting system. Adjusters, whether cable, crank, or 
lever, are installed on one shoe and operated when-
ever the shoe moves away from its anchor. The upper 
link, or cable eye, is attached to the anchor. As the 
shoe moves, the cable pulls over a guide mounted on 
the shoe web (the crank or lever pivots on the shoe 
web) and operates a lever (pawl), which is attached to 
the shoe so it engages a star wheel tooth. The pawl is 

located on the outer side of the star wheel and, on dif-
ferent styles, slightly above or below the wheel cen-
terline so it serves as a ratchet lock, which prevents 
the adjustment from backing off. However, whenever 
lining wears enough to permit sufficient shoe move-
ment, brake application pulls the pawl high enough 
to engage the next tooth. As the brake is released, the 
adjuster spring returns the pawl, thus advancing the 
star wheel one notch.

On most vehicles, the adjuster system is installed 
on the secondary shoe and operates when the 
brakes are applied as the vehicle is backing up. On a 
few models, it is located on the primary shoe and 
operates when the brakes are applied as the vehicle 
is moving forward. Left-hand and right-hand 
threaded star wheels are used on opposite sides of 
the car, so parts should be kept separated. If the 
wrong star wheel thread is installed, the system does 
not adjust at all or will unadjust with every brake 
application.

Another system uses a cable and pawl, with the left 
brake having right-hand threads and the right brake, 
left-hand threads. The first cable guide is usually 
retained on the shoe web by the secondary shoe 
return spring, and the lever-pawl engages a hole in 
the shoe web. The adjuster operates in either direc-
tion of vehicle movement.

Cable with Overtravel Spring Figure 49–9 shows a 
system with an upstroke pawl advance. The left 
brake has left-hand threads, and the right brake has 
right-hand threads. The lever (pawl) is installed on a 

Figure 49–8 Cable self-adjusters.

Figure 49–9 Cable automatic adjustment with overtravel springs.
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web pin with an additional pawl return mousetrap 
spring. The cable is hooked to the lever (pawl) by 
means of an overtravel spring installed in the cable 
hook. The overtravel spring dampens movements 
and prevents unnecessary adjustment should sud-
den hard braking cause excessive drum deflection 
and shoe movement.

Lever with Override The system illustrated in Fig-
ure 49–10 uses a downstroke pawl advance. The left 
brake has right-hand threads, and the right brake has 
left-hand threads.

The lever (pawl) is mounted on a shoe holddown, 
pivoting on a cup sleeve. It has a separate lever-pawl 
return spring located between the lever and the shoe 
table. A pivot lever and an override spring assembled 
to the upper end of the main lever dampen move-
ment, preventing unnecessary adjustment in the 
event of excessive drum deflection.

Lever and Pawl The system illustrated in Fig-
ure 49–11 uses a downstroke pawl advance. The left 
brake has right-hand threads, and the right brake has 
left-hand threads. The lever is mounted on a shoe 
holddown, pivoting on a cup sleeve, and engages the 
pawl. A separate pawl return spring is located between 
the pawl and the shoe.

Nonservo Drum Brakes
The nonservo (or as it is better known today as the 
leading-trailing shoe) drum brake is often used on 
small cars. The basic difference between this type 
and the duo-servo brake is that both brake shoes are 
held against a fixed anchor at the bottom by a retain-
ing spring (Figure 49–12). Nonservo brakes have no 
servo action.

On a forward brake application, the forward (lead-
ing) shoe friction forces are developed by wheel cylin-
der fluid pressure forcing the lining into contact with 
the rotating brake drum. The shoe’s friction forces 
work against the anchor pin at the bottom of the shoe. 
The trailing shoe is also actuated by wheel cylinder 
pressure but can only support a friction force equal to 
the wheel cylinder piston forces. The trailing shoe 
anchor pin supports no friction load. The leading 
shoe in this brake is energized and does most of the 
braking in comparison to the nonenergized trailing 
shoe. In reverse braking, the leading and trailing brake 
shoes switch functions.

Figure 49–10 An adjusting lever with a pivot and 
override spring.

Figure 49–11 Lever and pawl automatic adjustment. 
Courtesy of Federal-Mogul Corporation

Wheel
cylinder

Self-adjuster

Trailing
shoe is
de-energized.

Anchor plate
(servo action
stops here)

Leading shoe
is self-energized.

Return
spring

Retaining
spring

Figure 49–12 A typical nonservo drum brake.
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S H O P  T A L K
It is important for the technician to remember 
that on nonservo drum systems the forward 
shoe is called the leading shoe and the rear one 
is known as the trailing shoe (when the vehicle is 
moving in the forward direction). On duo-servo 
designs, the forward shoe is the primary, and the 
rear is the secondary.

Automatically Adjusted 
Nonservo Brakes 
While some standard automatic adjusters similar to 
the one already discussed are employed on small 
cars, some of the automatic adjuster mechanisms are 
unique and varied, using expanding struts between 
the shoes, or special ratchet adjusting mechanisms. 
Among the more common of these designs are auto-
matic cam, ratchet automatic, and semiautomatic 
adjusters.

Automatic Cam Adjusters This rear nonservo drum 
brake is for use with front disc brakes and has one for-
ward acting (leading) and one reverse acting (trailing) 
shoe. Shoes rest against the wheel cylinder pistons at 
the top and are held against the anchor plate by a 
shoe-to-shoe pull-back spring. The anchor plate and 
retaining plate are riveted to the backing plate. Adjust-
ment of the brake shoes takes place automatically as 
needed when the brakes are applied. The automatic 
cam adjusters are attached to each shoe by a pin 
through a slot in the shoe webbing. As the shoes move 
outward during application, the pin in the slot moves 

the cam adjuster, rotating it outward. Shoes always 
return enough to provide proper clearance because 
the pin diameter is smaller than the width of the slot.

Ratchet Automatic Adjuster These brakes are a 
leading-trailing shoe design with a ratchet self-
adjusting mechanism. The shoes are held to the 
backing plate by spring and pin holddowns, and are 
held against the anchors at the top by a shoe-to-
shoe spring. At the bottom, the shoe webs are held 
against the wheel cylinder piston ends by a return 
spring (Figure 49–13).

The self-adjusting mechanism consists of a spacer 
strut and a pair of toothed ratchets attached to the 
secondary brake shoe. The parking brake actuating 
lever is pivoted on the spacer strut.

The self-adjusting mechanism automatically 
senses the correct lining-to-drum clearance. As the 
linings wear, the clearance is adjusted by increasing 
the effective length of the spacer strut. This strut has 
projections to engage the inner edge of the secondary 
shoe via the hand brake lever and the inner edge of 
the large ratchet on the secondary shoe. As wear on 
the linings increases, the movement of the shoes to 
bring them in contact with the drums becomes greater 
than the gap. The spacer strut, bearing on the shoe 
web, is moved together with the primary shoe to close 
the gap. Further movement causes the large ratchet 
behind the secondary shoe to rotate inward against 
the spring-loaded small ratchet, and the serrations on 
the mating edges maintain this new setting until 
further wear on the shoe results in another adjust-
ment. On releasing brake pedal pressure, the return 
springs cause the shoes to move into contact with the 
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Figure 49–13 A typical nonservo self-adjusting mechanism.
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shoulders of the spacer strut/hand brake actuating 
lever. This restores the clearance between the linings 
and the drum proportionate to the gap.

Inspection and Service
The first rule of quality brake service is to perform a 
complete job. For example, if new linings are installed 
without regard to the condition of the hydraulic sys-
tem, the presence of a leaking wheel cylinder quickly 
ruins the new linings. Braking power and safety are 
also compromised.

Problems such as spongy pedal, excessive pedal 
travel, pedal pulsation, poor braking ability, brake 
drag, lock, or pulling to one side, and braking noises 
can be caused by trouble in the hydraulic system or 
the mechanical components of the brake assembly. 
To aid in doing a complete inspection and diagnosis, 
a form like the one shown in Figure 49–14 is very 
helpful. Working with such a form helps the techni-
cian avoid missing any brake test and components 
that may cause problems.

Brake Noise
All customer complaints related to brake perfor-
mance must be carefully considered. The number 
one customer complaint is brake noise. Noise is often 
the first indication of wear or problems within the 
braking system, particularly in the mechanical com-
ponents. Rattles, clicking, grinding, and hammering 
from the wheels when the brake is in the unapplied 
position should be carefully investigated. Be sure the 
noise is not caused by the bearings or various suspen-
sion parts. If the noise is coming from the brake 
assembly, it is most likely caused by worn, damaged, 
or missing brake hardware, or the poor fastening or 
mounting of brake components. Grinding noises 
usually occur when a stone or other object becomes 
trapped between the lining material and the rotor or 
drum.

When the brakes are applied, a clicking noise usu-
ally indicates play or hardware failure in the attach-
ment of the pad or shoe. On recent systems, the noise 
could be caused by the lining tracking cutting tool 
marks in the rotor or drum. A nondirectional finish on 
rotors eliminates this and so does a less pointed tip on 
the cutting tool used to refinish drums.

Grinding noises on application can mean metal-
to-metal contact, either from badly worn pads or 
shoes, or from a serious misalignment of the caliper, 
rotor, wheel cylinder, or backing plate. Wheel cylin-
ders and calipers that are frozen due to internal cor-
rosion can also cause grinding or squealing noises.

Other noise problems and their solutions are cov-
ered later in this chapter.

ROAD TESTING BRAKES
Road testing allows the brake technician to evaluate 
brake performance under actual driving conditions. 
Whenever practical, perform the road test before 
beginning any work on the brake system. In every 
case, road test the vehicle after any brake work to 
make sure the brake system is working safely and 
properly.

! W A R N I N G !

Before test driving any car, first check the 
fluid level in the master cylinder. Depress 
the brake pedal to be sure there is adequate 
pedal reserve. Make a series of low-speed 
stops to be sure the brakes are safe for road 
testing. Always make a preliminary inspection 
of the brake system in the shop before taking 
the vehicle on the road.

Brakes should be road tested on a dry, clean, rea-
sonably smooth, and level roadway. A true test of 
brake performance cannot be made if the roadway is 
wet, greasy, or covered with loose dirt. All tires do not 
grip the road equally. Testing is also adversely affected 
if the roadway is crowned so as to throw the weight of 
the vehicle toward the wheels on one side, or if the 
roadway is so rough that wheels tend to bounce.

Test brakes at different speeds with both light and 
heavy pedal pressure. Avoid locking the wheels and 
sliding the tires on the roadway. There are external 
conditions that affect brake road-test performance. 
Tires having unequal contact and grip on the road 
cause unequal braking. Tires must be equally inflated 
and the tread pattern of right and left tires must be 
approximately equal. When the vehicle has unequal 
loading, the most heavily loaded wheels require more 
braking power than others and a heavily loaded vehi-
cle requires more braking effort. Misalignment of the 
front end causes the brakes to pull to one side. Also, a 
loose front-wheel bearing could permit the disc to tilt 
and have spotty contact with brake shoe linings, caus-
ing pulsations when the brakes are applied. Faulty 
shock absorbers that do not prevent the car from 
bouncing on quick stops can give the erroneous 
impression that the brakes are too severe.

DRUM BRAKE INSPECTION
Place the vehicle in neutral, release the parking 
brake, and raise the vehicle on the hoist. Once the 
wheels are removed, mark the wheel-to-drum and 
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Figure 49–14 A sample of pre-brake-job inspection checklist. Courtesy of Hennessy Industries, Inc.

11491_49_ch49_p1457-1480.indd   146511491_49_ch49_p1457-1480.indd   1465 11/26/08   6:09:18 PM11/26/08   6:09:18 PM

Copyright 2009 Cengage Learning, Inc. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part.



1466 S E C T I O N  8  •  B r a k e s

drum-to-axle positions so the components can be 
correctly reassembled.

Drum Removal
Drum removal procedures are different for fixed and 
floating drums. In all cases, however, you may need to 
back off the parking brake adjustment or manually 
retract the self-adjusters (Figure 49–15) to have 
enough shoe-to-drum clearance to remove the drum. 
Wear on the friction surface of the drum creates a ridge 
at the edge of the drum’s rim. As the self-adjusters 
move the shoes outward to take up clearance, the shoe 
diameter becomes larger than the ridge diameter. If 
the adjuster is not retracted, the drum’s ridge may jam 
on the shoes and prevent drum removal. Trying to 
force the drum over the shoes may damage brake 
parts. To do this, reach through the adjusting slot with 
a thin screwdriver (or similar tool) and carefully push 
the self-adjusting lever away from the star wheel a 
maximum of 1⁄16 inch. While holding the lever back, 
insert a brake adjusting tool into the slot and turn the 
star wheel in the proper direction until the brake drum 
can be removed. On vehicles that have the adjusting 
slot in the drum rather than in the backing plate, reach 
through the slot with a thin wire hook and pull the 
adjuster lever away from the star wheel.

Before you remove a drum, mark it “L” or “R” for 
left or right so that it gets reinstalled on the same side 
of the vehicle from which it was removed.

! W A R N I N G !

Do not step on the brake pedal while a brake 
drum is off. This will cause the piston in the 
wheel cylinder to overextend or pop apart.

Brake drums that are made as a one-piece unit with 
the wheel hub are common as rear drums on FWD cars 
and on the front wheels of older vehicles with four-
wheel drum brakes. The hub contains the wheel bear-
ings and is held onto the spindle by a single large nut. 
This nut also is used to adjust the wheel bearings. To 
remove this type of drum, remove the dust cap from 
the center of the hub. Then remove the cotter pin from 
the castellated nut or nut lock on the spindle. Next, 
remove the spindle nut and washer. Pull the drum out-
ward to slide it off the spindle. 

Floating drums do not have a built-in hub. In 
most cases, the drums are held in place by studs on 
the axle flange and the wheel and lug nuts. On many 
floating drums, push nuts or speed nuts are used dur-
ing vehicle assembly to hold the drum onto two or 
three studs. Typically the push nuts do not need to be 
reinstalled after service. However, on some vehicles, 
the push nuts are used to hold the drum squarely 
against the axle or hub flange.

Floating drums are pulled off the hub or axle flange 
(Figure 49–16). If the brake drum is rusted or cor-
roded to the axle flange and cannot be removed, 
lightly tap the axle flange to the drum mounting sur-
face with a ball-peen hammer. Penetrating oil may 
help in loosening a stuck drum. If the drum is stuck to 
its flange, use a large scribe or center punch to score 
around the joint at the drum and flange and break the 
surface tension. Remember that if the drum is worn, 
the brake shoe adjustment has to be backed off for the 
drums to clear the brake shoes. Do not force the drum 
or distort it. Do not allow the drum to drop.

After the drum is removed, inspect the grease in 
the hub and on the bearings. If the grease is dirty or 
dried out and hard, it is a clue to possible bearing 
damage. Also inspect the rear axle gaskets and wheel 

Figure 49–15 Backing off the self-adjusters in order 
to remove the brake drum.

Figure 49–16 Pull the drum away from the axle 
flange or hub, being careful not to drop it.
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seals for leaks. Replace worn components as needed. 
Set the drum and all bearing parts aside for cleaning 
and close inspection. If the grease seems to be in good 
condition, place the drum on a bench with the open 
side down. Cover the outer bearing opening with a 
shop cloth to keep dirt out.

C A U T I O N !
When servicing wheel brake parts, do not create
dust by cleaning with a dry brush or with com-
pressed air. Asbestos fibers can become airborne
if dust is created during servicing. Breathing 
dust containing asbestos fibers can cause 
serious bodily harm. To clean away asbestos 
from brake surfaces, use an OSHA-approved
washer (Figure 49–17). Follow the manufacturer’s
instructions when using the washer.

Drum Inspection
One of the most important parts that need to be 
inspected is the brake drum (Figure 49–18). Thor-
oughly clean the drums with a water-dampened cloth 
or a water-based solution. If the drums have been 
exposed to leaking oil or grease, thoroughly clean 
them with a non-oil base solvent after washing to 
remove dust and dirt. It is important to determine the 
source of the oil or grease leak and correct the prob-
lem before reinstalling the drums.

Brake drums act as a heat sink. They absorb heat 
and dissipate it into the air. As drums wear from nor-
mal use or are machined, their cooling surface area is 

reduced and their operating temperatures increase. 
Their structural strength is also reduced. This leads to 
distortion, which causes some of the drum conditions 
shown in Figure 49–19.

Also take a look at the brake shoes while they are 
still mounted. Their condition can often reveal defects 
in the drums. If the linings on one wheel are worn 
more than the others, it might indicate a rough drum. 
Uneven wear from side to side on any one set of shoes 
can be caused by a tapered drum. If some linings are 
worn badly at the toe or heel, it might indicate an out-
of-round drum.

Scored Drum Surface The most common cause of 
this condition is buildup of brake dust and dirt 
between the brake lining and drum. A glazed brake 
lining, hardened by high heat or in some cases by very 
hard inferior grade brake lining, can also groove the 
drum surface. Excessive lining wear that exposes the 
rivet head or shoe steel will score the drum surface. If 
the grooves are not too deep, the drum can be 
turned.

Bell-Mouthed Drum This distortion is due to ex-
treme heat and braking pressure. It occurs mostly on 
wide drums and is caused by poor support at the 

Figure 49–17 Before disassembling the brakes, use 
an OSHA-approved washer to make sure all asbestos dust is 
removed from the parts.

Figure 49–18 Carefully check the inside surface of 
the brake drum.
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outside of the drum. Full drum-to-lining contact can-
not be achieved and fading can be expected. Drums 
must be turned.

Concave Drum This is an excessive wear pattern in 
the center area of the drum brake surface. Extreme 
braking pressure can distort the shoe platform so 
braking pressure is concentrated at the center of the 
drum.

Convex Drum This wear pattern is greater at the 
closed end of the drum. It is the result of excessive 
heat or an oversized drum, which allows the open 
end of the drum to distort.

Hard Spots on the Drum This condition in the cast-
iron surface, sometimes called chisel spots or islands 
of steel, results from a change in metallurgy caused 
by braking heat. Chatter, pulling, rapid wear, hard 
pedal, and noise can occur. These spots can be 
removed by grinding. However, only the raised sur-
faces are removed, and they can reappear when heat 
is applied. If this condition reappears, the drum 
must be replaced.

Threaded Drum Surface An extremely sharp or 
chipped tool bit or a lathe that turns too fast can result 
in a threaded drum surface. This condition can cause 
a snapping sound during brake application as the 
shoes ride outward on the thread, then snap back. To 
avoid this, recondition drums using a rounded tool 
and proper lathe speed. Check the edge of the drum 
surface around the mounting flange side for tool 
marks indicating a previous machining. If the drum 

has been machined, it might have worn too thin for 
use. Check the diameter.

Heat Checks Heat checks are visible, unlike hard 
spots that do not appear until the machining of the 
drum (Figure 49–20). Extreme operating tempera-
tures are the major cause. The drum might also show 
a bluish/gold tint, which is a sign of high temperatures. 
Hardened carbide lathe bits or special grinding attach-
ments are available through lathe manufacturers to 
service these conditions. Excessive damage by heat 
checks or hard spots requires drum replacement.

Cracked Drum Cracks in the cast-iron drum are 
caused by excessive stress. They can be anywhere but 
usually are in the vicinity of the bolt circle or at the 
outside of the flange. Fine cracks in the drums are 
often hard to see and, unfortunately, often do not 
show up until after machining. Nevertheless, should 
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(A)  Scored drum

(D)  Convex drum
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Hard spots

(C) Concave drum

Threads

(F)  Threaded drum

ShoeShoe

(E)  Hard spots

Figure 49–19 Drum wear conditions.

Figure 49–20 An example of a heat-checked and 
overheated brake drum. Courtesy of Federal-Mogul Corporation
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any cracks appear, no matter how small, the drum 
must be replaced.

Out-of-Round Drums Drums with eccentric distor-
tion might appear fine to the eye but can cause pull-
ing, grabbing, and pedal vibration or pulsation. An 
out-of-round or egg-shaped condition (Figure 49–21) 
is often caused by heating and cooling during normal 
brake operation. Out-of-round drums can be detected 
before the drum is removed by adjusting the brake to 
a light drag and feeling the rotation of the drum by 
hand. After removing the drum, gauge it to determine 
the amount of eccentric distortion. Drums with this 
defect should be machined or replaced.

Drum Measurements
Measure every drum with a drum micrometer (Fig-
ure 49–22), even if the drum passed a visual inspec-
tion, to make sure that it is within the safe oversize 
limits. If the drum is within safe limits, even though 
the surface appears smooth, it should be turned to 
ensure a true drum surface and to remove any 
possible contamination in the surface from previ-
ous brake linings, road dust, and so forth. Remem-
ber that if too much metal is removed from a 
drum, unsafe conditions can result.

Take measurements at the open and closed edges 
of the friction surface and at right angles to each other. 
Drums with taper or out-of-roundness exceeding 
0.006 inch (0.152 mm) are unfit for service and should 
be turned or replaced. If the maximum diameter 
reading (measured from the bottom of any grooves 
that might be present) exceeds the new drum diame-
ter by more than 0.060 inch (1.5 mm), the drum can-
not be reworked. If the drums are smooth and true 
but exceed the new diameter by 0.090 inch (2.2 mm) 
or more, they must be replaced.

Drum Refinishing
Brake drums can be refinished by either turning or 
grinding on a brake lathe (Figure 49–23).

Only enough metal should be removed to obtain a 
true, smooth friction surface. When one drum must 
be machined to remove defects, the other drum on 
the same axle set must also be machined in the same 
manner and to the same diameter (�0.010 inches) so 
braking is equal.

Brake drums are stamped with a discard dimen-
sion (Figure 49–24). This is the allowable wear dimen-
sion and not the allowable machining dimension. 
There must be 0.030 inch (0.762 mm) left for wear 
after turning the drums. Some states have laws about 
measuring the limits of a brake drum.

Figure 49–21  Measure the inside diameter of the 
drum in several spots to determine out-of-roundness.

Figure 49–22 Measuring the inside diameter with a 
drum micrometer.

Figure 49–23 Brake drums can be resurfaced by 
grinding or turning them on a brake lathe. Courtesy of 
Hennessy Industries, Inc.

11491_49_ch49_p1457-1480.indd   146911491_49_ch49_p1457-1480.indd   1469 11/26/08   6:09:28 PM11/26/08   6:09:28 PM

Copyright 2009 Cengage Learning, Inc. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part.



1470 S E C T I O N  8  •  B r a k e s

Machining or grinding brake drums increases the 
inside diameter of the drum and changes the lining-
to-drum fit. When remachining a drum, follow the 
equipment instructions for the specific tool you are 
using.

USING SERVICE INFORMATION
Service manuals list the standard brake drum 
inside diameter alng with the discard dimension. 
They also state the standard and minimum lining 
thickness. Manual illustrations should be used to 
accurately identify all components plus the 
disassemble/reassembly procedure. Tightening 
torques for backing plate nuts and other compo-
nents should always be followed.

Cleaning Newly Refaced Drums
The friction surface of a newly refaced drum con-
tains millions of tiny metal particles. These particles 
not only remain free on the surface, they always 
lodge themselves in the open pores of the newly 
machined surface. If the metal particles are allowed 
to remain in the drum, they become embedded in 
the brake lining. Once the brake lining gets contami-
nated in this manner, it acts as a fine grinding stone 
and scores the drum.

Figure 49–24 The drum’s discard diameter is 
stamped on the drum.

PROCEDURE
Mechanical Component Service of 
Duo-Servo Drum Brakes
STEP 1 Disconnect the cable from the parking brake lever.
STEP 2 If required, install wheel cylinder clamps on the 

wheel cylinders to prevent fluid leakage or air from 
getting into the system while the shoes are removed. 
Some brakes have wheel cylinder stops; therefore, 
wheel cylinder clamps are not required. Regardless 
of whether the clamps are needed, do not press 
down on the brake pedal after shoe return springs 
have been removed. To prevent this, block up the 
brake pedal so it cannot be depressed.

STEP 3 Remove the brake shoe return springs. Use a 
brake spring removal and installation tool to 
unhook the springs from the anchor pin or anchor 
plate (Figure 49–25).

STEP 4 Remove the shoe retaining or holddown cups and 
springs. Special tools are available (Figure 49–26),
but the holddown springs can be removed by 
using pliers to compress the spring and rotating 
the cup with relation to the pin.

STEP 5 Self-adjuster parts can now be removed. Lift off 
the actuating link, lever and pivot assembly, sleeve 
(through lever), and return spring. No advantage is 
gained by disassembling the lever and pivot 
assembly unless one of the parts is damaged.

STEP 6 Spread the shoes slightly to free the parking brake 
strut and remove the strut with its spring. Discon-
nect the parking brake lever from the secondary 
shoe. It can be attached with a retaining clip, bolt, 
or simply hooked into the shoe.

STEP 7 Slip the anchor plate off the pin. No advantage is 
gained by removing the plate if it is bolted on or riv-
eted. Spread the anchor ends of the shoes and dis-
engage them from the wheel cylinder links, if used. 
Remove the shoes connected at the bottom by the 
adjusting screw and spring, as an assembly.

STEP 8 Overlap the anchor end of the shoes to relieve 
spring tension. Unhook the adjusting screw spring, 
and remove the adjusting screw assembly.

Figure 49–25 A brake spring tool.

S H O P  T A L K
Keep the adjusting screws and automatic 
adjuster parts for left and right brakes separate. 
These parts usually are different. For example, 
on some automatic adjusters, the adjust-
ing screws on the right brakes have left-hand 
threads and the adjusting screws on the left 
brakes have right-hand threads.
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PROCEDURE
Disassembling Nonservo or Leading-
Trailing Brakes
STEP 1 Install the wheel cylinder clamp. Then unhook the 

adjuster spring from the parking brake strut and 
reverse shoe.

STEP 2 Unhook the upper shoe-to-shoe spring from the 
shoes and unhook the antinoise spring from the 
spring bracket.

STEP 3 Remove the parking brake strut and disengage 
the shoe webs from the flat, clamp shoe holddown 
clips.

STEP 4 Unhook the lower shoe-to-shoe spring and 
remove the forward shoe. Disconnect the parking 
brake cable, then remove the reserve shoe.

STEP 5 Remove the shoe holddown clips from the back-
ing plate.

STEP 6 Press off the C-shaped retainers from the pins 
and remove the parking brake lever, automatic 
adjuster lever, and adjuster latch.

STEP 7 Remove the parking brake lever.

S H O P  T A L K
Mark the shoe positions if shoes and linings are 
to be reused. When disassembling an unfamiliar 
brake assembly, work on one wheel at a time 
and use the other wheel as a reference.

Figure 49–26 A holddown spring tool.

Thrust
washer

Adjusting
screw

Identification
grooves

Pivot
nut

Socket

Antinoise
spring washer

Figure 49–27 An exploded view of a brake adjuster 
assembly.

PROCEDURE
Cleaning and Inspecting Brake Parts
STEP 1 Clean the backing plates, struts, levers, and other 

metal parts to be reused using a water-dampened 
cloth or a water-based solution. Equipment is 
commercially available to perform washing func-
tions of brake parts. Wet cleaning methods must 
be used to prevent asbestos fibers from becom-
ing airborne.

STEP 2 Carefully examine the raised shoe support pads 
on the backing plate to make sure they are free 
from corrosion or other surface defects that might 
prevent the shoes from sliding freely. Use fine 
emery cloth to remove surface defects, if neces-
sary. Clean them thoroughly.

STEP 3 Check to make sure that the backing plates are 
not cracked or bent. If so, they must be replaced. 
Make sure backing plate bolts and bolted-on 
anchor pins are torqued to specifications.

STEP 4 If replacement of the wheel cylinder is needed, it 
should be done at this time. To determine wheel 
cylinder condition, carefully inspect the boots. If 
they are cut, torn, heat-cracked, or show evi-
dence of leakage, the wheel cylinders should be 
replaced. If more than a drop of fluid spills out, 
leakage is excessive and indicates that replace-
ment is necessary.

STEP 5 Disassemble the adjusting screw assembly (Fig-
ure 49–27) and clean the parts in a suitable sol-
vent. Make sure the adjusting screw threads into 
the pivot nut over its complete length without 
sticking or binding. Check that none of the adjust-
ing screw teeth are damaged. Lubricate the 
adjusting screw threads with brake lubricant.

STEP 6 Examine the shoe anchor, support plate, and small 
parts for signs of looseness, wear, or damage that 
could cause faulty shoe alignment. Check springs 
for spread or collapsed coils, twisted or nicked 
shanks, and severe discoloration (Figure 49–28). 
Operate star wheel automatic adjusters by prying 
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These metal particles must be removed by wash-
ing or cleaning the drum. Do not blow out the drum 
with air pressure. Either of the following methods is 
recommended to clean a newly refaced brake drum. 
The first method involves washing the brake drum 
thoroughly with hot water and wiping with a lint-free 
rag. Then use the air pressure to thoroughly dry it. If 
the front hub and drums are being cleaned, be very 
careful to avoid contaminating the wheel bearing 
grease. Or, completely remove all the old grease, then 
regrease and repack the wheel bearing after the drum 
has been cleaned and dried. The wheel bearings and 
the grease seals must be removed from the drum 
before cleaning. The second method involves wiping 
the inside of the brake drum (especially the newly 
machined surface) with a lint-free white cloth dipped 
in one of the many available brake cleaning solvents 
that do not leave a residue. This operation should be 
repeated until dirt is no longer apparent on the wiping 
cloth. Allow the drum to dry before reinstalling it on 
the vehicle.

Both of these procedures are also good for clean-
ing disc brake rotors.

Cleaning, Inspecting, and Lubricating 
Brake Parts
To complete the drum brake inspection, examine 
wheel bearings and hub grease seals for signs of 
damage. Service or replace, if necessary.

BRAKE SHOES AND LININGS
Lining materials influence braking operation. The use 
of a lining with a friction value that is too high can 
result in a severe grabbing condition. A friction value 
that is too low can make stopping difficult because of 
a hard pedal.

Overheating a lining accelerates wear and can 
result in dangerous lining heat fade—a friction-
reducing condition that hardens the pedal and 
lengthens the stopping distance. Continual over-
heating eventually pushes the lining beyond the 
point of recovery into a permanent fade condition. In 
addition to fade, overheating can cause squeal.

Overheating is indicated by a lining that is charred 
or has a glass-hard glazed surface, or if severe, ran-
dom cracking of the surface is present.

C A U T I O N !
Automotive friction materials often contain 
substantial amounts of asbestos. Studies 
indicate that exposure to excessive amounts of 
asbestos dust can be a potential health hazard. 
It is important that anyone handling brake 
linings understands this and takes the necessary 
precautions to avoid injury.

Inspect the linings for uneven wear, embedded 
foreign material, loose rivets, and to see if they are oil 
soaked. If linings are oil soaked, replace them.

If linings are otherwise serviceable, tighten or 
replace loose rivets, remove imbedded foreign mate-
rial, and clean the rivet counterbores.

If linings at any wheel show a spotty wear pattern 
or an uneven contact with the brake drum, it is an 
indication that the linings are not centered in the 
drums. Linings should be circle ground to provide 
better contact with the drum.

Brake Shoe Replacement
Brake linings that are worn to within 1⁄32 inch (0.79 mm)
of a rivet head or that have been contaminated with 
brake fluid, grease, or oil must be replaced (Fig-
ure 49–29). Failure to replace worn linings results in a 
scored drum. When it is necessary to replace brake 
shoes, they must also be replaced on the wheel on the 

Damaged
  shank

Spread or
collapsed
   coils

Bent or
twisted 
 shank

Discoloration

Figure 49–28 All springs should be checked for 
distortion and damage.

the shoe lightly away from its anchor or by pulling 
the cable to make sure the adjuster advances 
easily, one notch at a time. Adjuster cables tend to 
stretch, and star wheels and pawls become 
blunted after a long period of use. For rear-axle 
parking brakes, pull on the cable and shoe linkage 
to make sure no binding condition is present that 
could cause the shoes to drag when the parking 
brake is released.
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opposite side of the vehicle. Inspect brake shoes for 
distortion, cracks, or looseness. If these conditions 
exist, the shoe must be discarded.

Do not let brake fluid, oil, or grease touch the brake 
lining.

The two general methods of attaching the linings 
to the brake shoes are bonding and riveting. The 
bonded linings are fastened (glued) with a special 
adhesive to the shoe, clamped in place, then cured in 
an oven. Instead of using an adhesive, some linings 
are riveted to the shoe. Riveted linings allow for better 
heat transfer than bonded linings.

Selecting Replacement Linings
Identification codes, called the automotive friction 
material edge codes, are printed on the edges of drum 
brake linings (Figure 49–30) and disc brake pads. 
The letters and numbers identify the manufacturer 
of the lining material and the material used, and the 
last two letters identify the cold and hot coefficients 
of friction (COF).

These codes do not address lining quality or its 
hardness. From a service standpoint, the COF 
codes are the most important and are coded as 
follows:

C � not over 0.15

D � over 0.15 but not over 0.25

E � over 0.25 but not over 0.35

F � over 0.35 but not over 0.45

G � over 0.45 but not over 0.55

H � over 0.55

It is also important to use the recommended fric-
tion material when replacing brake shoes. The incor-
rect type of friction material can affect the stopping 
characteristics of the car.

Hard and soft are terms applied to linings within a 
general category of material. Thus, any particular 
organic lining may be considered as a hard or a soft 
organic material. Overall, organic linings are consid-
ered softer than semimetallic linings, and semimetal-
lic linings are considered softer than fully metallic 
linings. A hard lining usually has a low COF but resists 
fade better and lasts longer than a soft lining. A soft 
lining has a higher COF but fades sooner and wears 
faster than a hard lining. A soft lining is less abrasive 
on drum surfaces and operates more quietly than a 
hard lining. It also is common to use linings with a 
lower COF on the rear brakes than on the front to 
minimize rear brake lockup.

Sizing New Linings
Modern brake shoes are usually supplied with 
what is known as cam, offset, contour, or eccentric 
shape, which is ground in at the factory. That is, 
the full thickness of the lining is only present at the 
heel and toe of the shoe, and is ground down 
slightly at the center. The diameter of the circle the 
shoes make is slightly smaller than that of the 
drum. This compensates for the minor tolerance 
variations of drums and brake mountings and pro-
motes proper wearing-in of the linings to match 
the drum.

S H O P  T A L K
On duo-servo shoe designs, the forward shoe 
is the primary and the rear, the secondary. The 
secondary shoe lining is longer.

Lining Adjustment
New eccentric-ground linings tolerate a closer 
new lining clearance adjustment than concentric 

Exposed rivets

Cracks

Excessive
grooving

Axle oil or
brake fluid
contamination

Lining worn to backing

Figure 49–29 Potential brake shoe problems.

Figure 49–30 Identification codes, called the auto-
motive friction material edge codes, are printed on the edges 
of drum brake linings.
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ground linings. With manual adjusters, the shoes 
should be expanded into the drums until the lin-
ings are at the point of drag but not dragging heav-
ily against the drum. With star wheel automatic 
adjusters, a drum/shoe gauge (Figure 49–31) pro-
vides a convenient means of making the prelimi-
nary adjustment. This type of gauge, when set at 
actual drum diameter, automatically provides the 
working clearance of the shoes (Figure 49–32). 
If new linings have been concentrically ground, 
the initial clearance adjustment must be backed 
off an amount that provides sufficient working 
clearance.

S H O P  T A L K
Some brake technicians check brake spring 
tension by the drop method. This method is not 
overly scientific and the results are not always 
correct. Drop the brake spring on a clean con-
crete floor. If it bounces with a chunky sound, it 
is good. If the bounced spring gives off a tinny 
sound, it is tired and should be replaced.

Drum Shoe and Brake Installation
Before installing the shoes, sand the inner edge of the 
shoe to smoothen any metal nicks and burrs that 
could interfere with the sliding on the support pads.

A support (backing) plate must be tight on its 
mount and not bent. Remove any burrs or grooves on 
the shoe support pads that could cause the shoes to 
bind or hang up.

Using an approved lubricant, lightly coat the sup-
port pads (Figure 49–33) and the threads of servo star 
wheel adjusters. On rear axle parking brakes, lubri-
cate any point of potential binding in the linkage and 
the cable.

Reassemble the brakes in the reverse order of 
disassembly. Make sure all parts are in their proper 
locations and that both brake shoes are properly posi-
tioned in either end of the adjuster. Also, both brake 
shoes should correctly engage the wheel cylinder 
pushrods and parking brake links. They should be 
centered on the backing plate. Parking brake links 
and levers should be in place on the rear brakes. With 
all of the parts in place, try the fit of the brake drum 
over the new shoes. If not slightly snug, pull it off and 
turn the star wheel until a slight drag is felt when slid-
ing on the drum. A brake preset gauge makes this job 
easy and final brake adjustment simple. Then install 
the brake drum and wheel/tire assemblies, and make 
the final brake adjustments as specified in individual 

Figure 49–31 Using a brake shoe set gauge to 
match the diameter of the drum to the brake shoes so further 
shoe adjustment is limited. Courtesy of Chrysler LLC

Figure 49–32 Using the other side of the brake 
gauge to set the brake shoes.

Figure 49–33 The areas or pads where the brake 
shoe will rub or contact the backing plate. Courtesy of 
Chrysler LLC
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instructions in the vehicle’s service manual. Torque 
the spindle and lug nuts to specifications.

WHEEL CYLINDER INSPECTION 
AND SERVICING
Wheel cylinders might need replacement when the 
brake shoes are replaced or when they begin to leak.

Inspecting and Replacing Wheel 
Cylinders
Wheel cylinder leaks reveal themselves in several ways: 
(1) fluid can be found when the dust boot is peeled 
back; (2) the cylinder, linings, and backing plate, or the 
inside of a tire might be wet; or (3) there might be a drop 
in the level of fluid in the master cylinder reservoir.

Such leaks can cause the brakes to grab or fail and 
should be immediately corrected. Note the amount 
of fluid present when the dust boot is pulled back. A 
small amount of fluid seepage dampening the inte-
rior of the boot is normal. A dripping boot is not.

! W A R N I N G !

Hydraulic system parts should not be allowed 
to come in contact with oil or grease. They 
should not be handled with greasy hands. Even 
a trace of any petroleum-based product is 
sufficient to cause damage to the rubber parts.

Cylinder binding can be caused by rust deposits, 
swollen cups due to fluid contamination, or by a cup 
wedged into an excessive piston clearance. If the 
clearance between the pistons and the bore wall 
exceeds allowable values, a condition called heel drag 
might exist. It can result in rapid cup wear and can 
cause the piston to retract very slowly when the brakes 
are released.

Care must be taken when installing new or recon-
ditioned wheel cylinders on cars equipped with wheel 
cylinder piston stops. The rubber dust boots and the 
pistons must be squeezed into the cylinder before it is 
tightened to the backing plate. If this is not done, the 
pistons jam against the stops causing hydraulic fluid 
leaks and erratic brake performance.

S H O P  T A L K
Wheel cylinders are seldom rebuilt; rather, they 
are replaced as a unit. The time and risk involved 
with rebuilding them is not worth it. However, if 
it is necessary to rebuild one, refer to the service 
information first.

PROCEDURE
Replacing a Wheel Cylinder
STEP 1 Because brake hoses are an important link in the 

hydraulic system, it is recommended that they be 
replaced when a new cylinder is to be installed or 
when the old cylinder is to be reconditioned. 
Remove the brake shoe assemblies from the 
backing plate before proceeding. The smallest 
amount of brake fluid contaminates the friction 
surface of the brake lining.

STEP 2 Use the appropriate tubing wrench and discon-
nect the hydraulic line where it enters the wheel 
cylinder. Care must be taken while removing this 
steel line. It might bend and be difficult to 
reinstall.

STEP 3 Remove the plates, shims, and bolts that hold the 
wheel cylinder to the backing plate. Some later 
design wheel cylinders are held to the backing 
plate with a retaining ring that can be removed 
with two small picks.

STEP 4 Remove the wheel cylinder from the backing plate 
and clean the area with a proper cleaning solvent.

STEP 5 Install the new wheel cylinder. Care must be taken 
when installing wheel cylinders on cars equipped 
with wheel cylinder piston stops. The rubber dust 
boots and pistons must be squeezed into the cyl-
inder before it is tightened to the backing plate. 
If this is not done, the pistons will jam against 
the stops, causing fluid leaks and erratic brake 
performance.

STEP 6 Thread the brake line into the cylinder before 
attaching the wheel cylinder to the backing plate. 
Once the cylinder’s mounting bolts are tightened 
to specifications, tighten the brake line. Then reas-
semble the brake unit and bleed the system.

DRUM PARKING BRAKES
The parking brake keeps a vehicle from rolling while it 
is parked. It is important to remember that the park-
ing brake is not part of the vehicle’s hydraulic braking 
system. It works mechanically, using a lever assembly 
connected through a cable system to the rear drum 
service brakes.

Types of Parking Brake Systems
Parking brakes can be either hand or foot operated. In 
general, downsized cars and light trucks use hand-
operated self-adjusting lever systems (Figure 49–34). 
Full-size vehicles normally use a foot-operated park-
ing brake pedal (Figure 49–35A). The pedal or lever 
assembly is designed to latch into an applied position 
and is released by pulling a brake release handle or 
pushing a release button.
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On some vehicles, a vacuum power unit (Fig-
ure 49–35B) is connected by a rod to the upper end of 
the release lever. The vacuum motor is actuated to 
release the parking brake whenever the engine is run-
ning and the transmission is in forward driving gear. 
The lower end of the release lever extends down for 
alternate manual release in the event of vacuum 

power failure or for optional manual release at any 
time. Hoses connect the power unit and the engine 
manifold to a vacuum release valve on the steering 
column.

The starting point of a typical parking brake cable 
and lever system is the foot pedal or hand lever. This 
assembly is a variable ratio lever mechanism that 
converts input effort of the operator and pedal/lever 
travel into output force with less travel. Tensile force 
from the front cable is transmitted through the car’s 
brake cable system to the rear brakes. This tension 
pulls the flexible steel cables attached to each of the 
rear brakes. It operates the internal lever and strut 
mechanism of each rear brake, expanding the brake 
shoes against the drum. Springs return the shoes to 
the unapplied position when the parking brake pedal 
is released and tensile forces in the cable system are 
relaxed.

An electronic switch, triggered when the brake 
pedal is applied, lights the brake indicator in the 
instrument panel when the ignition is turned on. The 
light goes out when either the pedal or control is 
released or the ignition is turned off.

The cable/lever routing system in a typical park-
ing brake arrangement uses a three-lever setup to 
multiply the physical effort of the operator. First is the 
pedal assembly or hand grip. When moved, it multi-
plies the operator’s effect and pulls the front cable. 
The front cable, in turn, pulls the equalizer lever.

The equalizer lever multiplies the effort of the 
pedal assembly, or hand grip, and pulls the rear 
cables. This pulling effort passes through an equal-
izer, which ensures equal pull on both rear cables. 
The equalizer functions by allowing the rear brake 
cables to slip slightly to balance out small differences 
in cable length or adjustment.

Figure 49–36 shows a typical parking brake sys-
tem. When the parking brake pedal is applied, the 
cables and equalizer exert a balanced pull on the 
parking brake levers of both rear brakes. The levers 
and the parking brake struts move the shoes out-
ward against the brake drums. The shoes are held 
in this position until the parking brake pedal is 
released.

The rear cable enters each rear brake through a 
conduit (Figure 49–37). The cable end engages the 
lower end of the parking brake lever. This lever is 
hinged to the web of the secondary shoe and linked 
with the primary shoe by means of a strut. The lever 
and strut expand both shoes away from the anchor 
and wheel cylinder and into contact with the drum as 
the cable and lever are drawn forward. The shoe 
return springs reposition the shoes when the cable is 
slacked.

Adjusting nut

 Front cable

Equalizer

Rear cable

Up

Down
Figure 49–34 A typical setup for a center-mounted 
hand-operated parking brake.

Figure 49–35 Typical pedal-operated parking 
brakes: (A) mechanical release and (B) vacuum release.

A

B
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To remove and replace the brake shoes, it might 
be necessary to relieve the parking brake cable 
tension by backing off the adjusting nuts at the 
equalizer.

Adjusting and Replacing Parking Brakes
Regular wheel brake service should be completed 
before adjusting the parking brake. Then check the 
parking brake for free movement of the parking brake 
cables in the conduits. If the cables drag, replace 
them. Check for worn equalizer and linkage parts. 
Replace any defective parts. Finally, check for broken 
strands in the cables. Replace any cable that has bro-
ken strands or shows signs of wear.

Testing Test the parking brake by parking the vehicle 
facing up on an incline of 30 degrees or less. Set the 
parking brake fully and place the transmission in neu-
tral. The vehicle should hold steady. Reverse the vehi-
cle position so it is facing down the incline and repeat 
the test. If the vehicle creeps or rolls in either case, the 
parking brake requires adjustment.

Figure 49–36 Parking brake components.

Figure 49–37  Rear cable and conduit details.

Shortly after new brake shoes and hardware 
were installed on a vehicle, it is returned to the 
shop on the rear of a tow truck. An extremely 
irate and distressed customer is heard through-
out the entire service bay area. It seems when 
the customer applied the brakes while traveling 
at a high speed, there was a sudden loss of 
braking power and a fine metallic grinding noise 
was heard. Luckily, the customer was able to 
control the vehicle and avoid an accident, but 
the situation was potentially disastrous.
 The vehicle is immediately placed on a hoist 
and the drum brakes are disassembled. 
Although all the parts are new, they had failed. 
The shoes are pulled away from the backing 
plate and the holddown pins and retainers 
are broken.

CASE STUDY
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 The technician replaces all broken compo-
nents with new parts from the shop’s parts 
department. Everything appears to be installed 
correctly and in good working order.
 The technician is reluctant to release the 
vehicle to the owner without uncovering the 
cause of the first failure. Inspecting the as-
sembly, the technician compares the new 
shoes with the failed shoes. He notices the 
holddown pin bores on the defective shoes 
do not line up perfectly with the pins. More 
comparisons between the new and failed 
parts uncover slight differences. The shoes 
and hardware that had failed were the wrong 
parts for the vehicle. Although similar in many 
ways, these slight differences were enough to 
cause a major failure. The technician who had 
performed the original replacement should 
have visually compared the new parts with 
the old parts.

KEY TERMS

Anchor pin
Backing plate
Bonded linings
Brake lathe
Duo-servo drum 

brake
Equalizer lever
Floating drum
Heat checks

Holddown spring
Nonservo drum brake
Overtravel spring
Primary shoe
Return spring
Secondary shoe
Self-energizing force
Shoe anchor
Web

SUMMARY

■ Drum brakes are still used on the rear wheels of 
many cars and light trucks.

■ The drum is mounted to the wheel hub. When the 
brakes are applied, a wheel cylinder uses hydrau-
lic power to press two brake shoes against the 
inside surface of the drum. The resulting friction 
between the shoe’s lining and drum slows the 
drum and wheel.

■ The brake’s anchor pin acts as a brake shoe stop, 
keeping the shoes from following the rotating 
drum. This creates a wedging action that multi-
plies braking force.

■ The shoes and wheel cylinder are mounted on a 
backing plate. Hardware, such as shoe return 
springs, holddown parts, and linkages are also 
mounted on the backing plate.

■ The primary or leading shoe is toward the front of 
the vehicle while the secondary or trailing shoe is 
toward the rear of the vehicle.

■ Brake lining can be attached to the shoes by rivet-
ing or a special adhesive bonding process.

■ Brake drums act as a heat sink to dissipate the heat 
of braking friction. Drums can be refinished on a 
brake lathe provided the inside diameter is not 
increased above a safe limit (discard dimension).

■ Servicing brakes requires performing a complete 
system inspection. Partial replacement of worn or 
damaged parts does not solve the braking prob-
lems and may ruin the new parts installed.

■ When servicing brakes, extreme care must be 
taken to avoid generating asbestos dust.

■ Wheel cylinders should be replaced if they show 
any signs of hydraulic fluid leakage or component 
wear.

■ Drum brakes allow for the use of a simple parking 
brake mechanism that can be activated with a 
hand lever or foot pedal. This is a mechanical sys-
tem, completely separate from the service brake 
hydraulic system.

REVIEW QUESTIONS

 1. Name the two methods of attaching brake lining 
materials to the brake shoes.

 2. Explain how drum brakes create a self-
multiplying brake force.

 3. List at least five separate types of wear and distor-
tion to look for when inspecting brake drums.

 4. What is the job of wheel cylinder stops?

 5. Explain the operation of an integral drum brake 
parking brake.

 6. In a typical drum brake, which component pro-
vides a foundation for the brake shoes and asso-
ciated hardware?

a. wheel cylinder

b. drum

c. backing plate

d. lining

 7. True or False?  The name duo-servo drum brake is 
derived from the fact that the self-energizing 
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force is transferred from one shoe to another 
with the wheel rotating forward.

 8. Explain how a duo-servo brake assembly works 
to provide great braking ability.

 9. Which of the following statements about drum 
brake shoes is not true?

a. Web thickness varies only with changes in 
shoe size.

b. Many shoes have indented places along the 
edge of the rim.

c. The shoe rim is welded to the web.

d. The primary/leading shoe is typically the one 
that is positioned toward the front of the 
vehicle.

 10.  Brake linings should be replaced when .

a. linings are worn to within 1⁄32 inch of a rivet 
head

b linings are contaminated with oil or grease

c. linings are contaminated with brake fluid

d. all of the above

 11. In the unapplied position, drum brake shoes are 
held against the anchor pin by the .

a. holddown springs

b. star wheel adjuster

c. shoe holddown

d. return springs

 12. Duo-servo drum brakes are also known as what 
type of brake assembly?

a. leading-trailing brakes

b. self-energizing brakes

c. nonservo brakes

d. none of the above

 13. On most vehicles, the automatic adjuster cables 
or levers are .

a. installed on the secondary shoe

b. set up to operate when the brakes are applied 
as the vehicle moves forward

c. installed on the primary shoe

d. set up to operate when the brakes are not 
applied

 14. Backing plates, struts, levers, and other metal 
brake parts should be .

a. wet-cleaned using water or a water-based 
solution

b. wet-cleaned using an alcohol-based solvent

c. wet-cleaned using gasoline

d. dry-cleaned only

 15. A buildup of brake dust and dirt between the lin-
ing and the drum is the most common cause of a 

.

a. concave/barrel-shaped drum

b. convex/tapered drum

c. threaded drum surface

d. scored drum surface

ASE-STYLE
REVIEW QUESTIONS

 1. Technician A says that an out-of-round drum 
can cause a pulsating brake pedal. Technician B 
says that an out-of-round drum can cause the 
brakes to grab. Who is correct?

a. Technician A c. Both A and B

b. Technician B d. Neither A nor B

 2. Technician A says that a grinding noise from a 
drum brake when it is not applied can be caused 
by a bad wheel bearing. Technician B says that a 
grinding noise from a drum brake when it is not 
applied can be caused by worn brake hardware. 
Who is correct?

a. Technician A c. Both A and B

b. Technician B d. Neither A nor B

 3. It has been determined that chatter and brake 
pull are being caused by hard spots on the brake 
drum: Technician A says that the problem can be 
solved by grinding off the hard spots. Technician 
B says that the drum must be replaced. Who is 
correct?

a. Technician A c. Both A and B

b. Technician B d. Neither A nor B

 4. Technician A says that the discard dimension of 
a brake drum is the drum’s allowable machining 
dimension. Technician B says that the discard 
dimension is the allowable wear dimension. 
There must be 0.030 inch left for wear after 
machining. Who is correct?

a. Technician A c. Both A and B

b. Technician B d. Neither A nor B

 5. After resurfacing a brake drum: Technician A 
cleans it using hot water and a lint-free cloth. He 
then uses compressed air to thoroughly dry it. 
Technician B cleans the drum using a lint-free 
cloth dipped in a special brake cleaning solvent. 
She then allows the drum to dry before reinstalla-
tion. Who is correct?
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a. Technician A c. Both A and B

b. Technician B d. Neither A nor B

 6. Drum linings are badly worn at their heel and 
toe: Technician A says that the problem is an out-
of-round drum. Technician B says that the prob-
lem is a tapered drum. Who is correct?

a. Technician A c. Both A and B

b. Technician B d. Neither A nor B

 7. When machining brake drums: Technician A 
tries to remove only enough metal to obtain a 
true, smooth surface. Technician B cuts the drum 
on the other side of the axle to the same diameter 
as the one that was cut first. Who is correct?

a. Technician A c. Both A and B

b. Technician B d. Neither A nor B

 8. While discussing what would happen if too much 
metal is removed from a drum by machining: 
Technician A says that noise can result from the 
thin drum vibrating when the brakes are applied. 

Technician B says that the brakes could fade 
because the thin drum is unable to absorb heat 
during braking. Who is correct?

a. Technician A c. Both A and B

b. Technician B d. Neither A nor B

 9. Technician A checks the surface of the drum for 
scoring by running a fingernail across the sur-
face. Technician B replaces any drum that is 
scored. Who is correct?

a. Technician A c. Both A and B

b. Technician B d. Neither A nor B

 10. While discussing pull during braking: Technician 
A says that this can be caused by one tire being 
underinflated. Technician B says that a frozen 
wheel cylinder on one side of the car can cause 
this. Who is correct?

a. Technician A c. Both A and B

b. Technician B d. Neither A nor B
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C H A P T E R

50DISC BRAKES

OBJECTIVES
■ List the advantages of disc brakes. ■ List disc brake components and describe their functions.
■ Explain the difference between the three types of calipers commonly used on disc brakes.
■ Describe the two types of parking brake systems used with disc brakes. ■ Describe the causes of 
common disc brake problems. ■ Explain what precautions should be taken when servicing disc 
brake systems. ■ Describe the general procedure involved in replacing disc brake pads. ■ List and 
describe five typical disc brake rotor problems.

Disc brakes resemble the brakes on a bicycle. The 
friction elements are in the form of pads, which 

are squeezed or clamped about the edge of a rotating 
wheel. With automotive disc brakes, this wheel is a 
separate unit mounted to the wheel, called the rotor 
(Figure 50–1). The rotor is typically made of cast iron. 
Because the pads clamp against both sides of a rotor, 
both sides are machined smooth. The pads are 
attached to metal backings, which are actuated by 
pistons. The pistons are contained within a caliper 
assembly, which is a housing that wraps around the 
edge of the rotor. The caliper is mounted to the steer-

ing knuckle to stop it from rotating. The caliper con-
tains the pistons and related seals, springs, bleeder 
screws, and boots as well as the cylinder(s) and fluid 
passages necessary to force the pads against the 
rotor.

Disc brakes offer four major advantages over 
drum brakes. Disc brakes are more resistant to heat 
fade during high-speed brake stops or repeated 
stops. The design of the disc brake rotor exposes 
more surface to the air and thus dissipates heat more 
efficiently. They are also resistant to water fade 
because the rotation of the rotor tends to throw off 
moisture. The squeeze of the sharp edges of the pads 
clears the surface of water. Disc brakes perform more 
straight-line stops. Due to their clamping action, disc 
brakes are less apt to pull. Finally, disc brakes auto-
matically adjust as pads wear.

DISC BRAKE COMPONENTS 
AND THEIR FUNCTIONS
The disc brakes used today are typically of two basic 
designs: fixed caliper or floating caliper. There is 
also a sliding caliper, but its design is very similar to 
the floating caliper (Figure 50–2). The only differ-
ence is that sliding calipers slide on surfaces that have 
been machined smooth for this purpose, and float-
ing calipers slide on special pins or bolts. The disc 
brake, regardless of its design, consists of a hub and 
rotor assembly, a caliper assembly, and a brake pad 
assembly.

Figure 50–1 A typical disc brake assembly. Courtesy 
of BMW of North America, LLC
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Rotors
The disc brake rotor has two main parts: the hub and 
the braking surface. The hub is where the wheel is 
mounted and contains the wheel bearings. The brak-
ing surface is the machined surface on both sides of 
the rotor. It is carefully machined to provide a friction 
surface for the brake pads. The entire rotor is usually 
made of cast iron, which provides an excellent fric-
tion surface. 

The size of the rotor braking surface is determined 
by the diameter of the rotor. Large cars, which require 
more braking energy, have large rotors. Smaller, 
lighter cars can use smaller rotors. Generally, manu-
facturers want to keep parts as small and light as pos-
sible while maintaining efficient braking ability.

The rotor is protected from water and dirt due to 
road splash by a splash shield bolted to the steering 
knuckle (Figure 50–3). The outboard side is shielded 
by the vehicle’s wheel. The splash shield and wheel 
also are important in directing air over the rotor to 
aid cooling.

Fixed and Floating Rotors Rotors are classified by 
their hub design. A fixed rotor has the hub and the 
rotor cast as a single unit. Floating rotors and hubs 
are made as two separate parts. The hub is a conven-
tional casting and is mounted on wheel bearings or 
on the axle. The wheel studs are mounted in the hub 
and pass through the rotor center section. One advan-
tage of this design is that the rotor is less expensive 
and can be replaced easily and economically.

Composite Rotors The need to reduce vehicle weight 
led to the development of composite rotors. Com-
posite rotors are made of different materials, usually 
cast iron and steel, to reduce weight. The friction sur-
faces and the hubs are cast iron, but the supporting 
parts of the rotor are made of lighter steel stampings. 
The steel and iron sections are bonded to each under 
heat and high pressure to form a one-piece finished 
assembly. Composite rotors may be fixed or floating 
rotors. Because the friction surfaces of composite 
rotors are cast iron, the wear standards are generally 
the same as they are for other rotors. 

Ceramic Rotors In the late 1990s, Porsche first 
offered a carbon-ceramic brake option on the 911 
GT2 and then on its 911 Turbo in 2000. Today, 
ceramic brakes are an option on all Ferraris and most 
Lamborghinis, Porsches, and Bentleys. Soon they 
will be standard or optional equipment on many 
more vehicles. 

Ceramic brakes are costly but weigh about one-
half of a conventional rotor. This means they allow 
for lower unsprung weight that helps ride quality and 
handling and improves fuel economy. They also last 
four times longer than steel discs. Brake pads also 
last about three times longer. The brake pads 
designed to be used with ceramic discs contain a 
ceramic powder mixed with metal wires or particles. 
The pads have heat shields to prevent the heat from 
traveling through the system.

Ceramic brakes have excellent fade resistance 
and stopping power. Also, the vehicle’s wheels stay 
cleaner because no black brake dust is released.

The disc assembly is a two-piece unit: a ceramic 
ring and a steel center piece or hub. The ring is bolted 
to the hub. The ring of the rotor is made of ceramic 

Figure 50–2 A floating caliper assembly. Courtesy of 
Chrysler LLC

Steering
knuckle

Caliper
assembly

Inner
bearing
assembly

Finned rotor
assembly

Splash shield

Figure 50–3 A steering knuckle, splash shield, bear-
ings, and finned rotor for a disc brake assembly. Courtesy of 
Ford Motor Company
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with carbon fibers arranged to strengthen the disc 
and conduct heat away from the surface. The ceramic 
material is based on silicon carbide, which is an 
extremely hard material with a crystal structure simi-
lar to that of diamond. The finished surface of the 
rotor looks like stone. 

Solid and Ventilated Rotors A rotor may be solid or 
it may be ventilated. A solid rotor is simply a solid 
piece of metal with a friction surface on each side. A 
solid rotor is light, simple, cheap, and easy to manu-
facture. Because they do not have the cooling capac-
ity of a ventilated rotor, solid rotors usually are used 
on small cars of moderate performance and the rear 
brakes of performance-oriented vehicles.

A ventilated rotor has cooling fins cast between 
the braking surfaces to increase the cooling area of 
the rotor. When the wheel is in motion, the rotation of 
these fins in the rotor also increases air circulation 
and brake cooling. Although ventilated rotors are 
larger and heavier than solid rotors, these disadvan-
tages are more than offset by their better cooling abil-
ity and heat dissipation.

Some ventilated rotors have cooling fins that are 
curved or formed at an angle to the hub center (Fig-
ure 50–4). These fins increase the centrifugal force on 
the rotor airflow and increase the air volume that 
removes heat. Such rotors are called unidirectional 
rotors because the fins only work properly when the 
rotor rotates in one direction. Therefore, unidirec-
tional rotors cannot be interchanged from the right 
side to the left side on the car.

Drilled vs. Slotted Rotors Many high-performance 
vehicles are fitted with cross-drilled rotors (Fig-
ure 50–5). The idea behind having holes through the 
rotor is simply to allow heat, gases, and dirt to escape. 
In addition, the edges of the holes give a place for the 
pads to grab. They, however, also decrease the overall 
surface area of the rotor, which reduces the thermal 
capacity of the discs and the discs have a poor service 

life. The latest trend is to cut a series of tangential slots 
or channels into the surface. These slots do the same 
thing as the holes without the disadvantages.

Rotor Hubs and Wheel Bearings
Tapered roller bearings, which are installed in the 
wheel hubs, are the most common bearings used on 
the front wheels of RWD and the rear wheels of FWD 
vehicles. The tapered roller bearing has two main 
parts: the inner bearing cone and the outer bearing 
cup. The bearing cone is an assembly that contains 
steel tapered rollers. The rollers ride on an inner cone-
shaped race and are held together by a bearing cage. 
The bearing fits into the outer cup, or race, which is 
pressed into the hub. This provides two surfaces, an 
inner cone and outer cup, for the rollers to ride on. 
The bearings are held in place with a thrust washer, 
nut, locknut, and cotter pin. A dust cap fits over the 
assembly to keep dirt out and lubricant in. A seal on 
the inboard side prevents lubricant from escaping at 
this end.

Caliper Assembly
A brake caliper converts hydraulic pressure into 
mechanical force. The caliper housing is usually a 
one-piece construction of cast iron or aluminum and 
has an inspection hole in the top to allow for lining 
wear inspection. The housing contains the cylinder 
bore(s). In the cylinder bore is a groove that seats a 
square-cut seal. This groove is tapered toward the 
bottom of the bore to increase the compression on 
the edge of the seal that is nearest hydraulic pressure. 
The top of the cylinder bore is also grooved as a seat 
for the dust boot. A fluid inlet hole is machined into 
the bottom of the cylinder bore and a bleeder valve is 
located near the top of the casting.

A caliper can contain one, two, or four cylinder 
bores and pistons that provide uniform pressure 

Fins must point rearward 
at top of rotor

Direction of
forward rotation

Cooling fins
Figure 50–4 Some ventilated rotors have curved 
cooling fins and are directional. Courtesy of Federal-Mogul 
Corporation

Figure 50–5 A cross-drilled brake rotor.
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distribution against the brake’s friction pads. The pis-
tons are relatively large in diameter and short in stroke 
to provide high pressure on the friction pad assem-
blies with a minimum of fluid displacement.

Basically, the hydraulics of disc brakes are the 
same as for drum brakes, in that the master cylinder 
piston forces the brake fluid into the wheel cylinders 
and against the wheel pistons.

The disc brake piston is made of steel, aluminum, 
or fiberglass-reinforced phenolic resin. Steel pistons 
are usually nickel-chrome plated for improved dura-
bility and smoothness. The top of the pistons is 
grooved to accept the dust boot that seats in a groove 
at the top of the cylinder bore and also in a groove in 
the piston. The dust boot prevents moisture and road 
contamination from entering the bore.

A piston hydraulic (square-cut) seal prevents fluid 
leakage between the cylinder bore wall and the pis-
ton. This rubber sealing ring also acts as a retracting 
mechanism for the piston when hydraulic pressure 
is released, causing the piston to return in its bore 
(Figure 50–6). When hydraulic pressure is dimin-
ished, the seal functions as a return spring to retract 
the piston.

In addition, as the disc brake pads wear, the seal 
allows the piston to move farther out to adjust auto-
matically for the wear without allowing fluid to leak. 
Since the brake pads need to retract only slightly after 

they have been applied, the piston moves back only 
slightly into its bore. The additional brake fluid in the 
caliper bore keeps the piston out and ready to clamp 
the surface of the rotor.

Fixed Caliper Disc Brakes Fixed caliper disc brakes 
have a caliper assembly that is bolted in a fixed posi-
tion and does not move when the brakes are applied. 
The pistons in both sides of the caliper come inward 
to force the pads against the rotor (Figure 50–7).

Floating Caliper Disc Brakes A typical floating cali-
per disc brake is a one-piece casting that has one 
hydraulic cylinder and a single piston. The caliper is 
attached to the spindle anchor plate with two 
threaded locating pins. A Teflon sleeve separates the 
caliper housing from each pin and the caliper slides 
back and forth on the pins as the brakes are actuated. 
When the brakes are applied, hydraulic pressure 
builds in the cylinder behind the piston and seal. 
Because hydraulic pressure exerts equal force in all 
directions, the piston moves evenly out of its bore.

The piston presses the inboard pad against the 
rotor. As the pad contacts the revolving rotor, greater 
resistance to outward movement is increased, forcing 
pressure to push the caliper away from the piston. 
This action forces the outboard pad against the rotor 
(Figure 50–8). However, both pads are applied with 
equal pressure.

AFTER APPLYING

DURING APPLYING

BEFORE APPLYING

Figure 50–6 Action of the piston’s hydraulic seal in 
the caliper’s cylinder.

Fixed caliper

Rotor
Force exerted

by hydraulic
pressure

Figure 50–7 Operation of a fixed caliper. Courtesy of 
Federal-Mogul Corporation

Moving caliper

Rotor
Force exerted

by hydraulic
pressure

Figure 50–8 Operation of a floating caliper. Courtesy 
of Federal-Mogul Corporation
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Sliding Caliper Disc Brakes With a sliding caliper 
assembly, the caliper slides or moves sideways when 
the brakes are applied. As mentioned previously, in 
operation, these brakes are almost identical to the 
floating type. But unlike the floating caliper, the slid-
ing caliper does not float on pins or bolts attached to 
the anchor plate. It has angular machined surfaces 
at each end that slide in mating machined surfaces 
on the anchor plate. This is where the caliper slides 
back and forth.

Some sliding calipers use a support key to locate 
and support the caliper in the anchor plate (Fig-
ure 50–9). The caliper support key is inserted between 
the caliper and the anchor plate. A worn support key 
may cause tapered brake pad wear. Always inspect the 
support keys when replacing brake pads. Also make 
sure they are lubricated when reassembling the unit.

Brake Pad Assembly
Brake pads are metal plates with the linings either riv-
eted or bonded to them. Pads are placed at each side 
of the caliper and straddle the rotor. The linings are 
made of semimetallic or other nonasbestos material.

Disc Pad Wear Sensors Some brake pads have wear 
sensing indicators. The three most common design 
wear sensors are audible, visual, and tactile.

Audible sensors are thin, spring steel tabs that are 
riveted to or installed onto the edge of the pad’s back-
ing plate and are bent to contact the rotor when the 
lining wears down to a point that replacement is nec-
essary. At that point, the sensor causes a high-pitched 
squeal whenever the wheel is turning, except when 
the brakes are applied. Then the noise goes away. The 

noise gives a warning to the driver that brake service 
is needed and perhaps saves the rotor from destruc-
tion (Figure 50–10). 

Some vehicles have systems with an electronic 
wear indicator in the disc brake pads. As the pad wears 
to a predetermined point, a warning light in the 
instrument panel is illuminated by the wear sensors. 
In some systems, a small pellet is contained in the 
brake pad’s friction material. The pellets are wired in 
series or in parallel to the red brake warning lamp cir-
cuit (Figure 50–11) and complete the lamp circuit 
when the pellets contact the rotor.

Pad support plate

Antisqueal shim

Antisqueal spring

Inner antisqueal shim

Outer pad

Inner pad

Figure 50–9 A sliding caliper with support plates (keys). Courtesy of Toyota Motor 
Sales, U.S.A., Inc.

Figure 50–10 Operation of the wear indicator. 
Courtesy of Federal-Mogul Corporation
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Customer Care
Excessive heat liquefies the resin binder that 
holds the brake pad material together. Once liq-
uefied, the binder rises to the surface of the pad 
to form a glaze. A glazed pad may cause squeal-
ing because more heat is needed to achieve an 
amount of friction equal to a pad in good condi-
tion. One common cause of pad glazing is the im-
proper break-in of the pads. Remember to inform 
customers that unnecessary hard braking during 
the first 200 miles (320 km) of a pad’s life can gen-
erate enough heat to glaze the pads and ruin the 
quality of the work just performed. There are pads 
now available that require no break-in time.

REAR-WHEEL DISC BRAKES
Rear-wheel disc brake calipers may be fixed, floating, 
or sliding, and all of these designs work in the same 
way as when they are used at the front wheels. The 
only difference between a front and rear disc brake 
caliper is that the rear disc brake caliper needs a park-
ing brake. Four-wheel disc brake installations must 
have some way to apply the rear brakes when the 
parking brake is set. 

Rear Disc/Drum (Auxiliary Drum) 
Parking Brake
The rear disc/drum or auxiliary drum parking brake 
arrangement is found on some vehicles with fixed or 
sliding calipers. On these brakes, the inside of each 
rear wheel hub and rotor assembly is used as the 

parking brake drum (Figure 50–12). A pair of small 
brake shoes is mounted on a backing plate that is 
bolted to the axle housing or the hub carrier. These 
parking brake shoes operate independently of the 
service brakes. They are applied by linkage and cables 
from the control pedal or lever. The cable at each 
wheel operates a lever and strut that apply the shoes 
in the same way that rear drum parking brakes work.

The assembly (often called the drum-in-heat 
system) is a smaller version of a drum brake and is 
serviced much like any other drum brake. However, 
they do not have self-adjusters. The parking brakes 
must be adjusted manually with star wheels that are 
accessible through the backing plate or through the 
outboard surface of the drum (Figure 50–13). 

(A) (B)

Pellets

Parallel Circuit Series Circuit

Pellets

Figure 50–11 Electronic pad wear sensors can be 
wired in parallel or in series with the warning lamp. The pellets 
are embedded in the brake pads.

 Rotor with internal
parking brake drum

Rear axle

Parking brake
      shoes

Figure 50–12 A few rear disc brakes have a rotor 
with an internal drum and a small set of brake shoes to serve 
as the parking brake.

Access
window

Adjusting 
star wheel

Rotor

Caliper

Backing
  plate

Figure 50–13 The auxiliary drum parking brakes are 
adjusted through a window in the backing plate.
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Late-model GM trucks use an expandable, single 
metal band covered with friction material inside the 
parking brake drum that is machined on the inside of 
the rear brake disc. 

Caliper-Actuated Parking Brakes
Most floating or sliding caliper rear disc brakes 
mechanically apply the calipers’ pistons to lock the 
pads against the rotors for parking. All caliper-
actuated parking brakes have a lever that protrudes 
from the inboard side of the caliper. These levers 
are operated by linkage and cables from the control 
pedal or lever.

The two most common types of caliper-actuated 
parking brakes are the screw-and-nut type and the 
ball-and-ramp type. A few imported cars have a third 
type that uses an eccentric shaft and a rod to apply 
the caliper piston. An eccentric acts like a cam. One 
portion of the shaft is oval-shaped. As the shaft rotates, 
the high part of the oval pushes the operating rod out 
to apply the brakes.

General Motors’ floating caliper rear disc brakes 
are the most common example of the screw-and-nut 
parking brake mechanism (Figure 50–14). The cali-
per lever is attached to an actuator screw inside the 
caliper that is threaded into a large nut. The nut, in 
turn, is splined to the inside of a large cone that fits 
inside the caliper piston. When the parking brake is 
applied, the caliper lever rotates the actuator screw. 
Because the nut is splined to the inside of the cone, it 
cannot rotate, so it forces the cone outward against 
the inside of the piston, forcing it outward. Similarly, 
the piston cannot rotate because it is keyed to the 
brake pad, which is fixed in the caliper. The piston 

then applies the inboard brake pad, and the caliper 
slides as it does for service brake operation and forces 
the outboard pad against the rotor. An adjuster spring 
inside the nut and cone rotates the nut outward when 
the parking brakes are released to provide self-
adjustment. Rotation of the nut takes up clearance as 
the brake pads wear.

Ford’s floating caliper rear disc brakes are the 
most common example of the ball-and-ramp park-
ing brake mechanism (Figure 50–15). The caliper 
lever is attached to a shaft inside the caliper that has 
a small plate on the other end. Another plate is 
attached to a thrust screw inside the caliper piston. 
The two plates face each other, and three steel balls 
separate them. When the parking brake is applied, 
the caliper lever rotates the shaft and plate. Ramps in 
the surface of the plate force the balls outward against 
similar ramps in the other plate. As the plates move 
farther apart, the thrust screw forces the piston out-
ward. The thrust screw cannot rotate because it is 
keyed to the caliper. The piston then applies the 
inboard brake pad, and the caliper slides as it does 
for service brake operation and forces the outboard 
pad against the rotor. When the piston moves away 
from the thrust screw, an adjuster nut inside the pis-
ton rotates on the screw to take up clearance and 
provide self-adjustment. A drive ring on the nut keeps 
it from rotating backward.

Another way to tighten the pads against the rotor 
when the parking brake is applied is to use a 
threaded, spring-loaded pushrod (Figure 50–16). 
As the parking brakes are applied, a mechanism 
rotates or unscrews the pushrod, which in turn 
pushes the piston out. 

Outboard
brake pad

Inboard
brake pad

Rotor

Piston

Cone

Internal thread
nut

Piston
seal

Parking
brake
lever

Screw

Figure 50–14 A GM screw-and-nut parking brake 
mechanism for a disc brake.

 Caliper
 housing

Operating
lever

Operating
shaft

Balls

Automatic
  adjuster

Piston

Figure 50–15 A Ford ball-and-ramp parking mecha-
nism for a disc brake.
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DISC BRAKE DIAGNOSIS
Many problems experienced on vehicles with disc 
brakes are the same as those evident with drum brake 
systems. Some problems occur only with disc brakes. 
Before covering the typical complaints, it is impor-
tant to remind you to get as much information as 
possible about the complaint from the customer. 
Then road test the vehicle to verify the complaint. A 
complete inspection of the rotor, caliper, and pads 
(Figure 50–17) should be done any time you are 
working on the brakes.

What follows is a brief discussion of common 
complaints and their typical causes.

Warning Lights
Today’s vehicles are normally equipped with more 
than one brake warning light on the instrument panel. 

Regardless of what warning light is lit, it is an indica-
tion of warning to the driver. You need to understand 
what would cause the different lights to illuminate in 
order to take care of the problem. Keep in mind, a 
vehicle may have one, two, or all of these lights.

The red warning light indicates there is a problem 
in the regular brake system, such as low brake fluid 
levels or that the parking brake is on. A low fluid light 
may be present in addition to the red brake warning 
light. Whenever the fluid is low, you should suspect a 
leak or very worn brake pads.

The yellow or amber brake warning light is tied 
into the antilock brake system (ABS). This light turns 
on for two reasons: the ABS is performing a self-test or 
there is a fault in the ABS.

A blue or yellow warning light lets the driver know 
the wheels are slipping because of poor road 
conditions.

 1. Piston seal
 2. Pin
 3. O-ring
 4. Threaded
  pushrod
 5. Flat washer
 6. Spring
 7. Spring cage
 8. Snapring

  9. Slider pin boot seal
 10. Rear support
11. Piston dust boot
12. Antirattle clip
 13. Piston
14. Locating pin
 15. Caliper
16. Brake pads

17. Pin retainer
 18. Limiting bolt
19. Parking brake
        shaft seal
 20. Parking brake lever
  return spring
 21. Parking brake lever

Figure 50–16 A rear caliper with a threaded drive for the piston. 
Courtesy of Ford Motor Company
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Pulsating Pedal
Customers will feel a vibration or pulsation in the 
brake pedal when the brakes are applied if a brake 
rotor is warped. If this symptom exists, check the 
rotors for runout and parallelism. A warped rotor 
should be  replaced and is often caused by improper 
tightening of the wheel lug nuts. In fact, uneven lug 
nut torque can cause a pulsating brake pedal. You 
should be aware that pedal pulsation is normal on 
vehicles with ABS when the ABS is working.

Spongy Pedal
With a spongy pedal, the customer will probably feel 
the need to pump the brake pedal to get good stop-
ping ability. The complaint may also be described as 
a soft pedal. This problem is caused by air in the 
hydraulic system. Although bleeding the system may 
remove the air, you should always question how the 
air got in there. Check for leaks and for proper master 
cylinder operation.

Hard Pedal
The driver’s complaint of a hard pedal normally indi-
cates a problem with the power brake booster. How-
ever, it can also be caused by a restricted brake line or 
hose. Carefully check the lines and hoses for damage. 
Feel the brake hoses. If they seem to have lost their 
rigidity, the hose may have collapsed on the inside, 

and this is causing the restriction. Restrictions can 
also be caused by frozen caliper or wheel cylinder 
pistons.

Dragging Brakes
Dragging brakes make the vehicle feel as if it has lost 
or is losing power as it drives down the road. The 
problem also wastes a lot of fuel and generates 
destructive amounts of heat that can cause serious 
brake damage and brake failure. While trying to find 
the cause of this problem, check the parking brake 
first. Make sure it is off. Check the rear wheels to make 
sure the parking brakes are released when they should 
be. If the problem is not in the parking brakes, check 
for sticky or seized pistons at the hoses to the calipers 
and wheel cylinders.

Grabbing Brakes
When the brakes seem to be overly sensitive to pedal 
pressure, they are grabbing. Normally this problem is 
caused by contaminated brake linings. If the linings 
are covered or saturated with oil, find the source of 
the oil and repair it. Then replace the pads and refin-
ish or replace the rotor.

Noise
If the customer’s complaint is noisy brakes, verify 
during the road test that the problem is in the brakes. 

Outboard Pad

Inboard pad

Piston seal

Boot

Piston

Caliper support
 (anchor plate)

Caliper
 ways

Retaining
  screw

Caliper
support
 spring

Caliper 
support

Caliper
housing

Figure 50–17 Whenever you are doing brake work, thoroughly 
inspect the entire brake assembly.
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If the noise is caused by the brakes, pay attention to 
the type of noise and let that lead to the source of the 
problem. Remember, some brake pads have wear 
sensors that are designed to make a high-pitched 
squeal when the pads are worn. Other causes could 
be the rotor rubbing against the splash shield or that 
something has become wedged between the rotor 
and another part of the vehicle. Noise may also be 
caused by failure to install all of the hardware when 
placing a caliper or brake pads in service.

Pulling
When a vehicle drifts or pulls to one side while 
cruising or when braking, the cause could be in the 
brake system or in the steering and suspension sys-
tem. Check the inflation of the tires, the tires’ tread 
condition, and verify that the tires on each axle are 
the same size. Check the operation of the brakes. If 
only one front wheel is actually doing the braking, 
the vehicle will seem to stumble or pivot on that 
one wheel. If no problems are found in the brake 
system, suspect an alignment or suspension 
problem.

SERVICE GUIDELINES
The following general service guidelines apply to all 
disc brake systems and should always be followed:

■ Be sure the vehicle is properly centered and 
secured on stands or a hoist.

■ If the vehicle has antilock brakes, depressurize the 
system according to the procedures given in the 
service manual.

■ Disconnect the battery ground cable.

■ Before any service is performed, check the 
following:
• Tires for excessive wear or improper inflation 
• Wheels for bent or warped rims
• Wheel bearings for looseness or wear
• Suspension components to see if they are worn 

or broken
• Brake fluid level
• Master cylinder, brake lines or hoses, and each 

wheel for leaks

■ Before you remove a brake hydraulic part, use a 
pedal depressor to slightly depress the brake 
pedal. This closes the master cylinder’s ports 
and prevents fluid from draining. It also makes 
the bleeding process easier after the system is 
reassembled.

■ Before beginning brake work, remove about two-
thirds of the brake fluid from the master cylinder’s 

reservoir. If this is not done, the fluid could over-
flow and spill when the pistons are forced back 
into the caliper bore. You also can open the caliper 
bleeder screw and run a hose to a container to 
catch the fluid that is expelled. This prevents dirty 
brake fluid from being forced back into the ABS 
control unit.

■ If the bleeder screws are frozen tight with corro-
sion, it is sometimes possible to free them using 
a torch and penetrating oil. Of course, the cali-
per must be removed from the car, taken to a 
bench, and worked on there. If the bleeder 
screws cannot be loosened, the entire caliper is 
probably in bad shape so it is best to replace the 
entire unit.

■ During servicing, grease, oil, brake fluid, or any 
other foreign material must be kept off the 
brake linings, caliper, surfaces of the disc, and 
external surfaces of the hub. Handle the brake 
disc and caliper in such a way to avoid damage 
to the disc.

■ When a hydraulic hose is disconnected, plug it to 
prevent foreign material from entering.

■ Never permit the caliper assembly to hang with 
its weight on the brake hose. Support it on the 
suspension or hang it by away from the 
assembly.

■ When using compressed air to remove the caliper 
pistons, avoid high pressures. A safe pressure to 
use is 30 psi (207 kPa).

■ Clean the hydraulic brake components in either 
denatured alcohol or clean brake fluid. Do not use 
mineral-based cleaning solvent such as gasoline, 
kerosene, carbon tetrachloride, acetone, or paint 
thinner to clean the caliper. It causes rubber parts 
to become soft and swollen in an extremely short 
time.

■ With the recommended lubricant, lubricate all 
moving parts, such as the caliper housing or 
mounting bracket to ensure a free-moving action. 

■ Before the brake pads are installed, apply a disc 
brake noise suppressor to the back of the pads to 
prevent brake squeal. For best results, follow the 
directions on the container.

■ Obtain a firm brake pedal after servicing the brakes 
and before moving the vehicle. Be sure to road test 
the vehicle.

■ Always torque the lug nuts when installing a wheel 
on a vehicle with disc brakes. Never use an impact 
gun to tighten the lug nuts. Warpage of the rotor 
could result if an impact gun is used.
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When using the propane torch to loosen a 
bleeder screw, use it with extreme care.

GENERAL CALIPER INSPECTION 
AND SERVICING
Frequently, caliper service involves only the removal 
and installation of the brake pads. However, since the 
new pads are thicker than the worn-out set they 
replace, they locate the piston farther back in the bore 
where dirt and corrosion might cause the seals to leak. 
For this reason, it is often good practice to carefully 
inspect the calipers whenever installing new pads. Of 
course, it is also good practice to true-up or replace 
the rotors when replacing brake pads.

When bench testing or servicing a caliper assem-
bly, use a vise that is equipped with protector jaws. 
Excessive vise pressure causes bore and piston 
distortion.

Caliper Removal
To be able to replace brake pads, service the rotor, or 
to replace the caliper, the caliper must be removed. 
The procedure for doing this varies according to cali-
per design. Always follow the specific procedures 
given in a service manual. Use the following as an 
example of these  procedures:

 1. Remove the brake fluid from the master cylinder.

 2. Raise the vehicle and remove the wheel and tire 
assembly.

 3. On a sliding or floating caliper, install a C-clamp 
with the solid end of the clamp on the caliper 
housing and the screw end on the metal portion 
of the outboard brake pad. Tighten the clamp 
until the piston bottoms in the caliper bore (Fig-
ure 50–18), then remove the clamp. Bottoming 
the piston allows room for the brake pad to slide 
over the ridge of rust that accumulates on the 
edge of the rotor.

 4. On threaded-type rear calipers, the piston must 
be rotated to depress it, which requires a special 
tool (Figure 50–19).

 5. Disconnect the brake hose from the caliper and 
remove the copper gaskets or washer and cap the 
end of the brake hose. If only the brake pads are to 
be replaced, do not disconnect the brake hose.

 6. Remove the two mounting brackets to the steer-
ing knuckle bolts. Support the caliper when 

removing the second bolt to prevent the caliper 
from falling.

 7. On a sliding caliper, remove the top bolts, retainer 
clip, and antirattle springs (Figure 50–20).
On a floating caliper, remove the two special 
pins that hold the caliper to the anchor plate 
(Figure 50–21). On a fixed caliper, remove the 
bolts holding it to the steering knuckle. On all 
three types, get the caliper off by prying it 
straight up and lifting it clear of the rotor.

Figure 50–18 Bottoming the piston in the caliper’s 
bore.

Figure 50–19 A special tool is required to move a 
threaded piston into its bore. Courtesy of Ford Motor Company
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Brake Pad Removal
Sliding or floating calipers must always be lifted off 
the rotor for pad replacement. Fixed calipers might 
have pads that can be replaced by removing the retain-
ing pins or clips instead of having to lift the entire cali-
per off. Brake pads may be held in position by retaining 
pins, guide pins, or a support key. Note the position of 
the shims, antirattle clips, keys, bushings, or pins dur-
ing disassembly. A typical procedure for replacing 
brake pads is outlined in Photo Sequence 52.

If you are only replacing the pads, lift the caliper 
off the rotor and hang it up by a wire. Remove the 
pads. Remove the old sleeves and bushings and install 
new ones. Replace the rusty pins to ensure free move-
ment. You may need to transfer the shoe retainers 
onto the new pads.

Brake Pad Inspection
Disc brake pads should be checked periodically. Some 
calipers have inspection holes in the caliper body. If 
they do not, the pads can be inspected from the outer 
ends of the caliper.

If you are not sure the pads are worn enough to 
warrant replacement, measure them at the thinnest 

part of the pad. Compare this measurement to the 
minimum brake pad lining thickness listed in the 
service manual, and replace the pads if needed. 
Typically, if the friction material remaining on the 
backing plate is less than 1⁄8 inch (3.175 mm), the pads 
should be replaced. 

When a pad on one side of the rotor has worn more 
than the other side, there is uneven wear. Uneven pad 
wear often means the caliper is sticking and not giv-
ing equal pressure to both pads. On a sliding caliper, 
the problem could be caused by poor lubrication or 
deformation of the machined sliding areas on the cal-
iper and/or anchor plate. 

S H O P  T A L K
Most often, calipers are replaced rather than 
rebuilt. The old caliper is sent back to the manu-
facturer as a core. The following overview for 
rebuilding is intended only to give you an under-
standing of what may be done. Always refer to 
the appropriate service manual when rebuilding 
a caliper.

Caliper Disassembly
If the caliper must be rebuilt, it should be taken to the 
workbench for servicing. Drain any brake fluid from 
the caliper by way of bleeder screws. Remove the 
bleeder valve protector, if so equipped.

On a floating caliper, examine the mounting pins 
for rust that could limit travel. Most manufacturers 
recommend that these pins and their bushings be 
replaced each time the caliper is removed. This is a 
good idea because the pins are inexpensive and a 
good insurance against costly comebacks. On a fixed 
caliper, check the pistons for sticking and rebuild the 
caliper if this problem is found.

To disassemble the caliper, the piston and dust 
boot must first be removed. Place the caliper face 
down on a workbench (Figure 50–22). Insert the used 
outer pad or a block of wood into the caliper. Place a 
folded shop towel on the face of the lining to cushion 
the piston. Apply low air pressure (NEVER MORE 
THAN 30 PSI) to the fluid inlet port of the caliper to 
force the piston from the caliper housing.

C A U T I O N !
Wear safety glasses while disassembling the 
caliper to protect your eyes from spraying brake 
fluid.

Figure 50–20 Sliding caliper removal.

Figure 50–21 Floating caliper removal.
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PHOTO 
SEQUENCE

52
Removing and Replacing Brake Pads

P52–1 Front brake pad replacement begins with 
removing brake fluid from the master cylinder reservoir.

P52–2 Raise the car. Make sure it is safely positioned on 
the lift. Remove its wheel assemblies.

P52–3 Inspect the brake assembly. Look for signs of 
fluid leaks, broken or cracked lines, or a damaged brake rotor. 
If any problem is found, correct it before installing the new 
brake pads.

P52–4 Loosen the bolts and remove the pad locator pins.

P52–5 Lift and rotate the caliper assembly from the rotor. P52–6 Remove the brake pads from the caliper assembly.
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PHOTO 
SEQUENCE

52
Removing and Replacing Brake Pads (continued)

P52–7 Fasten a piece of wire to the car’s frame and 
support the caliper with the wire.

P52–8 Check the condition of the locating pin insulators 
and sleeves.

P52–9 Place a piece of wood over the caliper’s piston 
and install a C-clamp over the wood and caliper. Tighten the 
clamp to force the piston back into its bore.

P52–10 Remove the clamp and install new locating pin 
insulators and sleeves, if necessary.

P52–11 Install the new pads into the caliper. P52–12 Set caliper with pads over the rotor and install 
the locating pins. After the assembly is in the proper position, 
torque the pins according to specifications.
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! W A R N I N G !

Be careful to apply air pressure very 
gradually. Be sure there are enough cloths 
to catch the piston when it comes out of 
the bore. Never place your fingers in front 
of the piston for any reason when applying 
compressed air. Personal injury could occur if 
the piston is popped out of the bore.

If a piston is frozen, release air pressure and tap the 
piston into its bore with a soft-headed hammer or 
mallet. Reapply air pressure. Frozen phenolic (plastic) 
pistons can be broken into pieces with a chisel and 
hammer. Be careful not to damage the cylinder bore 
while doing this. Internal expanding pliers are some-
times used to remove pistons from caliper bores.

Inspect phenolic pistons for cracks, chips, or gouges. 
Replace the piston if any of these conditions are evi-
dent. If the plated surface of a steel piston is worn, pit-
ted, scored, or corroded, it also should be replaced.

Dust boots vary in design depending on the type 
of piston and seal, but they all fit into one groove in 
the piston and another groove in the cylinder. One 
type comes out with the piston and peels off. Another 
type stays in place and the piston comes out through 
the boot, and then is removed from the cylinder (Fig-
ure 50–23). In either case, peel the boot from its 
groove. In some cases it might be necessary to pry it 
out, but be careful not to scratch the cylinder bore 
while doing so. The old boot can be discarded since it 
must be replaced along with the seal.

Remove the piston’s and the cylinder’s seal by 
prying them out with a wooden or plastic tool (Fig-
ure 50–24). Do not use a screwdriver or other metal 
tool. Any of these could nick the metal in the caliper 
bore and cause a leak. Inspect the bore for pitting or 
scoring. A bore that shows light scratches or corrosion 
can usually be cleaned with crocus cloth. However, a 
bore that has deep scratches or scoring normally 
indicates that the caliper should be replaced. In some 
cases, the cylinder can be honed. Check the service 

Caliper

Shop
cloths

Figure 50–22 Using air to remove a piston. 

Figure 50–23 The dust boot is peeled away from 
the piston and caliper.
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manual before doing this. If there is no mention of 
honing the bore, the manufacturer probably does not 
recommend it. Black stains on the bore walls are 
caused by piston seals. They do no harm.

When using a hone, be sure to install the hone 
baffle before honing the bore. The baffle protects the 
hone stones from damage. Use extreme care in clean-
ing the caliper after honing. Remove all dust and grit 
by flushing the caliper with alcohol. Wipe it dry with a 
clean lint-free cloth and then clean the caliper a sec-
ond time in the same manner.

Loaded Calipers
Rather than overhaul a caliper, many shops install 
loaded calipers (Figure 50–25). Loaded calipers are 
complete units with friction pads and mounting hard-
ware included. Besides the convenience and the sav-
ings of installation time, preassembled calipers also 
reduce the odds of errors during caliper overhaul.

Mistakes that are frequently made when replacing 
calipers include forgetting to bend the pad locating 

tabs that prevent pad vibration and noise, leaving off 
antirattle clips and pad insulators, and reusing 
corroded caliper mounting hardware that can cause 
a floating caliper to bind up and wear the pads 
unevenly.

S H O P  T A L K
Avoid mismatching friction materials from side 
to side. When one caliper is bad, both calipers 
should be replaced using the same friction 
material.

Caliper Reassembly
Before assembling the caliper, clean the phenolic pis-
ton (if so equipped) and all metal parts to be reused in 
clean denatured alcohol or brake fluid. Then, clean 
out and dry the grooves and passageways with com-
pressed air. Make sure that the caliper bore and 
component parts are thoroughly clean.

To replace a typical piston seal, dust boot, and pis-
ton, first lubricate the new piston seal with clean brake 
fluid or assembly lubricant (usually supplied with the 
caliper rebuild kit). Make sure the seal is not distorted. 
Insert it into the groove in the cylinder bore so it does 
not become twisted or rolled. Install a new dust boot 
by setting the flange squarely in the outer groove of 
the caliper bore. Next, coat the piston with brake fluid 
or assembly lubricant and install it in the cylinder 
bore. Be sure to use a wood block or other flat stock 
when installing the piston back into the piston bore. 
Never apply a C-clamp directly to a phenolic piston, 
and be sure the pistons are not cocked. Spread the 
dust boot over the piston as it is installed. Seat the 
dust boot in the piston groove.

With some types of boot/piston arrangements, the 
procedure for installation is slightly different from that 
already described. That is, the new dust boot is pulled 
over the end of the piston (Figure 50–26). Lubricate 

Figure 50–24 Removing a piston seal with a 
wooden or plastic stick.

Figure 50–25 A pair of loaded brake calipers. 
Courtesy of Honeywell International Inc.

Figure 50–26 Some installation procedures require 
the dust boot to be pulled over the end of the piston.
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the piston with brake fluid before installing it in the 
caliper. Then by hand, slip the piston carefully into the 
cylinder bore, pushing it straight, so the piston seal is 
not damaged during installation. Use an installation 
tool or wooden block to seat the new dust boot (Fig-
ure 50–27).

Another point to keep in mind is that some cali-
per designs have a slot cut in the face of the pistons 
that must align with an antisqueal shim. Make sure 
that the piston and shim align. It might be neces-
sary to turn the piston to achieve proper alignment. 
To complete the caliper assembly job, install the 
bleeder screw.

C A U T I O N !
On fixed calipers, bridge bolts are used to 
hold the two caliper halves together. These are 
high-tensile bolts ordered only by specific part 
number. They require accurate torque tightness 
to prevent leakage. Do not attempt to use 
standard bolts in place of bridge bolts.

Brake Pad Installation
It is a good practice to replace disc brake hardware 
when replacing disc brake pads. Replacement of the 
hardware ensures proper caliper movement and 
brake pad retention. It also aids in preventing brake 
noise and uneven brake pad wear.

One of the major causes of premature brake wear 
is rust. It causes improper slider and piston operation 
that leads to uneven pad wear. Tests have shown that 
when only the pads are replaced, the new pads can 
wear out in half the mileage they should if the calipers 
are corroded. Therefore, if the calipers are corroded, 
replace them.

Fixed Caliper Brake Pads The designs of fixed cali-
per disc brakes vary slightly. Generally, to replace the 
pads, insert new pads and plates in the caliper with 
the metal plates against the end of the pistons. Be sure 
that the plates are properly seated in the caliper. 
Spread the pads apart and slide the caliper into posi-
tion on the rotor. With some pads, mounting bolts are 
used to hold them in place. These bolts are usually 
tightened 80 to 90 foot-pounds (108 to 122 N-m). On 
some fixed disc brakes, the pads are held in place by 
retaining clips and/or retaining pins. Reinstall the 
antirattle spring/clips and other hardware (if so 
equipped).

Sliding Caliper Brake Pads Push the piston carefully 
back into the bore until it bottoms. Lightly lubricate 
the sliding surfaces of the caliper and the caliper 
anchor. Slide a new outer pad into the recess of the 
caliper. No free play between the brake pad flanges 
and caliper fingers should exist. If free play is found, 
remove the pad from the caliper and bend the flanges 
to eliminate all vertical free play. Install the pad.

Place the inner pad into position on the caliper 
anchor with the pad’s flange on the machined slid-
ing area. Fit the caliper over the rotor. Align the cali-
per to the anchor and slide it into position. Be careful 
not to pull the dust boot from its groove when the 
piston and boot slide over the inboard pad. Install 
the antirattle springs (if so equipped) on top of the 
retainer plate and tighten the retaining screws to 
specification.

On some calipers, especially those used as rear 
brakes, there is a notch or groove in the piston and a 
tab on the rear of the inner pad. During installation of 
the pad, the tab must fit into the groove in the piston 
(Figure 50–28).

Floating Caliper Brake Pads For floating or pin cali-
per disc brakes, compress the flanges of the outer 

Figure 50–27 Seating a dust boot with a boot installer.

Piston cutout
     (groove)

Pad tab

Figure 50–28 On some rear brake assemblies with 
rotating piston parking brake, there is a tab on the back of the 
pad that must line up with the groove in the piston.
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bushing in the caliper fingers and work them into 
position in the hole from the outer side of the caliper. 
Compress the flanges of the inner guide pin bushings 
and install them.

Slide the new pad and lining assemblies into posi-
tion in the adapter and caliper. Be sure that the metal 
portion of the pad is fully recessed in the caliper and 
adapter and that the proper pad is on the outer side of 
the caliper.

Hold the outer pad and carefully slide the caliper 
into position on the anchor and over the disc. Align 
the guide pin holes of the anchor with those of the 
inner and outer pads. Lightly lubricate and install the 
guide pins through the bushings, caliper, anchor, and 
inner and outer pads into the outer bushings in the 
caliper and antirattle spring.

When installing any type of caliper, follow these 
guidelines:

■ Make sure the correct caliper is installed on the 
correct anchor plate. Also make sure that the bolts 
are tightened to specifications.

■ Lubricate the rubber insulators (if so equipped) 
with silicone dielectric compound.

■ After the caliper assembly is in its mounting brack-
ets, connect the brake hose to the caliper. If cop-
per washers or gaskets are used, be sure to use new 
ones—the old ones might have taken a set and 
might not form a tight seal if reused.

■ Fill the master cylinder reservoirs and bleed the 
hydraulic system.

■ Check for fluid leaks under maximum pedal 
pressure.

■ Lower the vehicle and road test it.

REAR DISC BRAKE CALIPERS 
Rear disc brakes calipers with some type of parking 
brake mechanism have different inspection and over-
haul procedures than front brake calipers. 

STEP 4 Remove the brake pads and all pad shims and 
retainers.

STEP 5 Remove the piston from its bore; turn the locknut 
counterclockwise to back the piston out of the 
bore. When the piston is free, remove the piston 
boot.

STEP 6 Carefully inspect the piston for wear. Replace the 
piston if it is worn or damaged in any way.

STEP 7 Remove the piston seal from the caliper using 
the tip of a screwdriver or a wooden or plastic 
scraper, being careful not to scratch the bore.

STEP 8 Install a brake spring compressor between the 
caliper and the rear caliper guide. Turn the shaft 
of the compressor tool to compress the adjusting 
spring and use snapring pliers to remove the cir-
clip holding the spring in place.

STEP 9 After removing the circlip, remove the spring 
cover, adjusting spring, spacer, bearing, adjust-
ing bolt, and cup.

STEP 10 Next remove the sleeve piston, O-ring, and the 
rod from the cam.

STEP 11 Remove the return spring, the parking lever and 
cam assembly, and the cam boot from the caliper 
body. Do not loosen the nut on the parking lever 
and cam assembly with the cam installed in the 
caliper. If the lever and shaft must be separated, 
secure the lever in a vise before loosening the 
parking nut.

STEP 12 Begin reassembly by packing all cavities of the 
needle bearing with the specified lubricant. Coat 
the new cam boot with assembly lubricant and 
install it in the caliper. Apply lubricant to the area 
on the pin that contacts the cam. Install the cam 
and lever assembly into the caliper body. Then 
install the return spring. If the cam and lever were 
separated, reassemble them before installing the 
cam in the caliper body.

STEP 13 Install the rod in the cam, followed by a new 
O-ring on the sleeve piston. Then install the 
sleeve piston so the hole in the bottom of the pis-
ton is aligned with the rod in the cam and the two 
pins on the piston are aligned with the holes in 
the caliper.

STEP 14 Install a new cup with its groove facing the bear-
ing side of the adjusting bolt. Fit the bearing, 
spacer, adjusting spring, and spring cover on the 
adjusting bolt then install it in the caliper bore.

STEP 15 Install the brake spring compressor and com-
press the spring until the tool bottoms out.

STEP 16 Make sure that the flared end of the spring cover 
is below the circlip groove. Then install the cir-
clip. Make sure the circlip is properly seated in 
the groove.

STEP 17 Coat the new piston seal and piston boot with 
silicone grease and install them in the caliper.

STEP 18 Coat the outside of the piston with brake fluid 
and install it on the adjusting bolt while rotating it 
clockwise with the locknut wrench.

STEP 19 Install the new brake pads, pad shims, retainers, 
and springs onto the caliper bracket.

PROCEDURE
To overhaul a typical rear wheel caliper 
when there is no auxiliary drum parking 
brake follow these steps:
STEP 1 Unbolt the caliper.
STEP 2 Disconnect the parking brake cable from the 

lever on the caliper.
STEP 3 Disconnect the brake hose from the caliper, 

remove the caliper mounting bolts, and lift the 
caliper off its support.
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ROTOR INSPECTION
The rotors should be inspected whenever brake pads 
are replaced and when the wheels are removed for 
other services. They should be carefully checked to 
determine if they can be reused or machined or if they 
should be replaced. When inspecting the rotor, make 
sure you look at the sensor wheel for the wheel speed 
sensor (Figure 50–29).

If a good look at the surface is impossible because 
of dirt, clean the surfaces with a shop cloth dampened 
in brake cleaning solvent or alcohol. If the surface is 
rusted, remove it with medium-grit sandpaper or 
emery cloth and then clean it with brake cleaner or 
alcohol. 

Most brake rotors have a discard thickness 
dimension cast into them. If you cannot find this 
dimension on the rotor or if it is hard to read, check a 
service manual for thickness specifications. Rotor 
discard thickness dimensions are given in two or 
three decimal points (hundredths or thousandths 
of an inch or hundredths of a millimeter), such as 
1.25 inches, 1.375 inches, 0.750  inch, or 24.75 mm. If 

you resurface the rotor, it must be 0.015- to 0.030-inch 
(0.38 to 0.76 mm) thicker than the discard dimension 
after machining to allow for wear. If a rotor is already 
below the minimal thickness spec, replace it. It is 
always wise to replace both rotors on the same axle.

New rotors come with a protective coating on the 
friction surfaces. To remove this coating, use carbure-
tor cleaner, brake cleaner, or the solvent recom-
mended by the manufacturer.

S H O P  T A L K
Cross-drilled or slotted brake rotors may not 
be able to be machined. Therefore, if the rotor 
is scored or otherwise damaged, it should be 
replaced.

Thickness and Parallelism
To measure rotor thickness, place a brake disc 
micrometer about 1 inch in from the outer edge of the 
rotor and measure the thickness (Figure 50–30). 
Compare the measurement to specifications. Repeat 
the measurement at about eight points equidistant 
(45 degrees) around the surface of the rotor and com-
pare each measurement to specifications. Take all 
measurements at the same distance from the edge so 
that rotor taper does not affect the measurements. If 
the rotor is thinner than the minimum thickness at 
any point or if thickness variations exceed limits, it 
must be replaced. Also check the service manual for 
an allowable thickness variation. Many manufactur-
ers hold tolerances on thickness variations as close as 
0.0005 inch (0.013 mm).

Rotor parallelism refers to thickness variations in 
the rotor from one measurement point to another 
around the rotor surface. If the rotor is out of paral-
lel, it can cause excessive pedal travel; front end 

STEP 20 Reinstall the caliper and the splash shield and 
tighten the caliper bolts to torque specifications. 

STEP 21 Reconnect the brake hose to the caliper with 
new sealing washers and tighten the banjo bolt 
to specifications.

STEP 22 Then reconnect the parking brake cable to the 
arm on the caliper and reinstall the caliper shield.

STEP 23 Top off the master cylinder reservoir and bleed the 
brake system. Adjust the parking brake as needed. 
Before making adjustments, be sure the parking 
brake arm on the caliper touches the pin.

Figure 50–29 Check the wheel speed sensor’s 
rotor when servicing a rotor.

X

X X
X

Measure at
8 points

Micrometer

X

Figure 50–30 To check a rotor’s thickness and 
parallelism, measure the rotor at eight different spots.
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vibration; pedal pulsation; chatter; and, on occa-
sion, grabbing of the brakes. The rotor then must 
be resurfaced or replaced.

Lateral Runout
Excessive lateral runout is the wobbling of a rotor 
from side to side when it rotates. This wobble knocks 
the pads farther back than normal, causing the pedal 
to pulse and vibrate during braking. Chatter can also 
result. Lateral runout also causes excessive pedal 
travel because the pistons have farther to travel to 
reach the rotor. If runout exceeds specifications, the 
rotor must be turned or replaced.

For the best braking performance, lateral runout 
should be less than 0.003 inch (0.08 mm) for most 
vehicles. Some manufacturers, however, specify run-
out limits as small as 0.002 inch (0.05 mm) or as great 
as 0.008 inch (0.20 mm).

Runout measurements are taken only on the out-
board surface of the rotor, using a dial indicator and 
suitable mounting adapters (Figure 50–31). If the 
rotor is mounted on adjustable wheel bearings, read-
just the bearings to remove bearing end play. Do not 
overtighten the bearings. On rotors bolted solidly to 
the axles of FWD vehicles, bearing end play is not a 
factor in rotor runout measurement. If there is exces-
sive bearing end play, the bearing assembly must be 
replaced. Bearing end play is best checked with a dial 
indicator.

Clamp the dial indicator support to the steering 
knuckle or other suspension part that will hold it 
securely as you turn the rotor. Position the dial indi-
cator so that its tip contacts the rotor at 90 degrees. 
Place the indicator tip on the friction surface about 
1 inch in from the outer edge of the rotor. Do not 
place the dial indicator on a dirty, rusted, grooved, or 
scored area. Rotate the rotor until the lowest reading 
appears on the dial indicator; then set the indicator to 
zero. Turn the rotor through one complete revolution 
and compare the lowest to the highest reading. This is 
the maximum runout of the rotor. 

Additional Checks 
The following are some of the typical rotor conditions 
that warrant disc replacement or machining.

Grooves and Scoring Inspect both rotor surfaces for 
scoring and grooving. Scoring or small grooves up to 
0.010 inch (0.25 mm) deep are usually acceptable for 
proper braking performance. Scoring can be caused 
by linings that are worn through to the rivets or back-
ing plate or by friction material that is harsh or unkind 
to the mating surface. Rust, road dirt, and other con-
tamination could also cause rotor scoring. Any rotor 
having score marks more than 0.15 inch should be 
refinished or replaced.

If the rotor is deeply grooved, it must be thick 
enough to allow the grooves to be completely removed 
without machining the rotor to less than its minimum 
thickness. Measure rotor thickness at the bottom of 
the deepest groove. If rotor thickness at the bottom of 
the deepest grooves is at or near the discard dimen-
sion, replace the rotor.

S H O P  T A L K
Some rotors, particularly on GM vehicles, have 
a single deep groove manufactured into each 
surface. This groove helps to keep the pads 
from moving outward and also reduces operat-
ing noise.

Cracks Check the rotor thoroughly for cracks or bro-
ken edges. Replace any rotor that is cracked or 
chipped, but do not mistake small surface checks in 
the rotor for structural cracks. Surface checks will 
normally disappear when a rotor is resurfaced. Struc-
tural cracks, however, will be more visible when sur-
rounded by a freshly turned rotor surface.

Bluing or Heat Checking Inspect the rotor surfaces 
for heat checking and hard spots (Figure 50–32). 
Heat checking appears as many small interlaced 
cracks on the surface. Heat checking lowers the heat 
dissipation ability and friction coefficient of the rotor 
surface. Heat checking does not disappear with 
resurfacing. Therefore, a rotor with heat checks 
should be replaced.

Hard spots appear as round, shiny, bluish areas on 
the friction surface. Hard spots on the surface of a 
rotor usually results from a change in the metallurgy 
caused by brake heat. Pulling, rapid wear, hard 
pedal, and noise occur. These spots can be removed 
by machining. However, only the raised surfaces are 
removed, and they could reappear when heat is 
again encountered. The rotor should be replaced.

   Dial 
indicator

Figure 50–31 Checking the lateral runout of a brake 
rotor.
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Rust If the vehicle has not been driven for a period 
of time, the discs will rust in the area not covered by 
the lining and cause noise and chatter. This also 
can result in excessive wear and scoring of the discs 
and pads. Wear ridges on the discs can cause tem-
porary improper pad contact if the ridges are not 
removed before the installation of new pads. Rusted 
rotors should be cleaned before any measurements 
are taken.

Inspect the fins of vented rotors for cracks and 
rust. Rust near the fins can cause the rotor to expand 
and lead to rotor thickness variations and excessive 
runout problems. Machining the rotor may remove 
runout and thickness variations, but rotor expansion 
due to rust may cause these problems to reappear 
soon. Rusted rotors should be replaced.

ROTOR SERVICE
If the thickness of the rotor is below or close to the 
minimal allowable thickness or is badly distorted, it 
must be replaced. If the thickness is greater than the 
minimum specifications, it can be trued and smooth-
ened with a brake lathe. Rotors that have minor 
imperfections or are slightly unparallel can be turned 
true and smooth with a brake lathe. 

Removing a Rotor
To remove a rotor, raise the vehicle and remove the 
wheel. Then remove the caliper from the rotor and 
suspend it with wire from the suspension of the vehi-
cle. Before you remove a rotor, mark it “L” or “R” for 
left or right so that it gets reinstalled on the same side 
of the vehicle from which it was removed.

If the rotor is a two-piece floating rotor, remove 
it from the hub by pulling it off the hub studs. If 
you cannot pull the rotor off by hand, apply pene-
trating oil on the front and rear rotor-to-hub mat-
ing surfaces. Strike the rotor between the studs 
using a ball-peen hammer. If this does not free the 
rotor, attach a three-jaw puller to the rotor and 
pull it off.

Whenever you separate a floating rotor from the 
hub flange, clean any rust or dirt from the mating sur-
faces of the hub and rotor. Neglecting to clean rust 
and dirt from the rotor and hub mounting surfaces 
before installing the rotor will result in increased rotor 
lateral runout, leading to premature brake pulsation 
and other problems.

If the rotor and hub are a one-piece assembly, 
remove the outer wheel bearing and lift the rotor and 
hub off the spindle.

S H O P  T A L K
New rotors have the correct surface finish, 
which may be disturbed by them turning on 
a lathe. Clean any oil film off a new rotor with 
brake cleaning solvent or alcohol and let the 
rotor air dry before installing it on the vehicle.

Brake Lathes
A brake lathe cuts metal away to achieve the desired 
surface finish. There are basically two types of brake 
disc lathes used by the industry. The first one, a 
bench brake lathe, has the capability of resurfacing 
brake drums and brake discs after they have been 
removed from the vehicle. The lathe rotates the 
disc as cutting tools work their way across the brak-
ing surface of the disc. The second type is an on-
vehicle brake lathe. This type of brake lathe is a 
time saver because the rotor does not need to be 
removed from the vehicle. Special fixtures are used 
to straddle the rotor so the cutting tools can pre-
cisely cut both sides of the rotor. An electric motor 
is used to rotate the disc and hub assembly during 
cutting.

Whenever you refinish a rotor, remove the least 
amount of metal possible to achieve the proper fin-
ish. This helps to ensure the longest service life from 
the rotor. Never turn the rotor on one side of the vehi-
cle without turning the rotor on the other side. Left- 
and right-side rotors should be the same thickness, 
generally within 0.002 inch to 0.003 inch. Similarly, 
equal amounts of metal should be cut off both sur-
faces of a rotor. 

Scores

 Blue spots
(hard spots)

 Heat 
cracks

Figure 50–32 Some of the typical conditions that 
should be looked for on a brake rotor.
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C A U T I O N !
Do not attempt to use a brake lathe without 
proper training. You can be seriously injured if 
the lathe is not properly set up or is operated 
improperly.

Bench Lathes On a bench, off-vehicle lathe, the rotor 
is mounted on the lathe’s arbor and turned at a con-
trolled speed while a cutting bit passes across the 
rotor surface to remove a few thousandths of an inch 
of metal (Figure 50–33). The lathe turns the rotor per-
pendicularly to the cutting bits so that the entire rotor 
surface is refinished. Most rotor cutting assemblies 
have two cutting bits. The rotor mounts between the 
bits and is pinched between them. As the cut is made, 
the same amount of surface material should be cut 
from both sides of the rotor. 

On-Vehicle Brake Lathes The advantage of an on-
vehicle lathe (Figure 50–34) is that the rotor does not 
need to be removed. On-vehicle lathes also are ideal 
for rotors with excessive runout problems. 

To install the lathe, remove the wheel and then 
remove the caliper. If any end play is present in an 
adjustable tapered roller bearing, carefully tighten 
the adjusting nut by hand just enough to remove the 
end play before installing the lathe. After turning the 
rotor, readjust the bearing. To hold a two-piece float-
ing rotor to its hub, reinstall the wheel nuts with flat 
washers or adapters against the rotor. Carefully fol-
low the manufacturer’s mounting instructions and 

attach the lathe to the rotor. Some on-vehicle lathes 
mount on the caliper support; others are supported 
on a separate stand. 

Some on-vehicle lathes use the vehicle’s power to 
rotate the rotor; others use an electric motor. If the 
engine is used to turn the rotor, the lathe can be used 
only on drive wheels. However, this presents a prob-
lem because the differential gearing in the transaxle 
transmits the power to the opposite wheel, not to the 
rotor to be resurfaced. To prevent that opposite wheel 
from turning, that wheel can be lowered to the floor 
or the brake on the opposite side can be applied. This 
is done by removing and plugging the brake hose to 
the caliper on the rotor you are refinishing. Apply the 
brakes; this will lock the other wheel.

Self-powered on-vehicle lathes are more popular. 
These have the advantage of being able to machine 
on nondriving wheels, and rotor speed can be con-
trolled more exactly.

An on-car lathe may be mounted on the brake 
caliper support or on its own stand and indexed to 
the hub and the wheel studs. Each lathe has its own 
operating instructions, which you must follow 
carefully. 

Installing a Rotor
If the rotor is a two-piece floating rotor, make sure all 
mounting surfaces are clean. Apply a small amount of 
antiseize compound to the pilot diameter of the disc 
brake rotor before installing the rotor on the hub. 
Reinstall the caliper. If the rotor is a fixed, one-piece 
assembly with the hub that contains the wheel bear-
ings, clean and repack the bearings and install the 
rotor.

Install the wheel and tire on the rotor and torque 
the wheel nuts to specifications, following the recom-
mended tightening pattern. Failure to tighten in the 
correct pattern may result in increased lateral runout, 

Figure 50–34 An on-the-vehicle brake lathe.

Figure 50–33 A typical bench lathe.
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brake roughness, or pulsation as well as damage to 
the wheels.

After lowering the vehicle to the ground, pump the 
brake pedal several times before moving the vehicle. 
This positions the brake linings against the rotor. 

S H O P  T A L K
Special cutters are required to resurface com-
posite rotors. Make sure you have the correct 
machine and cutting tools before attempting to 
true up a composite brake rotor.

An obviously embarrassed customer explains 
his problem to the brake shop technician. He 
just finished installing new disc pads on his 
light truck, but the disc brakes are dragging. 
The young man insists he performed the work 
correctly and that the rest of the braking sys-
tem is in fine working order.
 The technician inspects the front brakes and 
finds that the owner cleaned all components 
well and installed the pads correctly. The tech-
nician checks the action of the caliper. Its pis-
ton shows no signs of sticking, but the caliper 
appears to be binding. Removal and inspec-
tion of the caliper locates the problem. 
Although the owner had carefully cleaned the 
slides of the caliper, he had failed to apply any 
lubricant to the surface. This was causing the 
calipers to bind and the brakes to drag.
 Omitting the simplest of tasks when per-
forming repairs can often lead to failure and 
wasted time.

CASE STUDY

KEY TERMS

Antirattle spring
Antisqueal shim
Audible sensor
Composite rotor
Dust boot
Fixed caliper
Fixed rotor

Floating caliper
Floating rotor
Parallelism
Phenolic resin
Sliding caliper
Spindle anchor plate
Splash shield

SUMMARY

■ Disc brakes offer four major advantages over drum 
brakes: resistance to heat fade, resistance to water 
fade, increased straight-line stopping ability, and 
automatic adjustment.

■ The typical rotor is attached to and rotates with 
the wheel hub assembly. Heavier vehicles gener-
ally use ventilated rotors. Splash shields protect 
the rotors and pads from road moisture and 
dirt.

■ The caliper assembly includes cylinder bores and 
pistons, dust boots, and piston hydraulic seals.

■ Brake pads are placed in each side of the caliper 
and together straddle the rotor. Some brake pads 
have wear sensors.

■ Fixed caliper disc brakes do not move when the 
brakes are applied. Floating caliper disc brakes 
slide back and forth on pins or bolts. Sliding cali-
pers slide on surfaces that have been machined 
smooth for this purpose.

■ In a rear disc brake system the inside of each rear 
wheel hub and rotor assembly is used as the park-
ing brake drum.

■ Rear disc parking brakes have a mechanism that 
forces the pads against the rotor mechanically.

■ The general procedures involved in a complete 
caliper overhaul include tasks such as: caliper 
removal, brake pad removal, caliper disassembly, 
caliper assembly, brake pad installation, and cali-
per installation.

■ The first step in proper caliper service is to remove 
the caliper assembly from the vehicle.

■ Disc brake pads should be checked periodically or 
whenever the wheels are removed. They should 
be replaced if they fail to exceed minimum lining 
thickness as listed in the service manual.

■ To disassemble the caliper, the piston and dust 
boot must first be removed. Compressed air is 
used to pop the piston out of the bore.

■ Before assembling the caliper, all metal parts and 
the phenolic piston are cleaned in denatured alco-
hol or brake fluid. The grooves and passageways of 
the caliper are cleaned out and dried with com-
pressed air.

■ It is a good practice to replace disc brake hardware 
when replacing disc brake pads.

■ Disc brake rotor conditions that must be corrected 
include lateral runout, lack of parallelism, scoring, 
blueing or heat checking, and rusty rotors.
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pulsating pedal on a vehicle with disc brakes 
can be caused by a restricted brake line. Who is 
correct?

a. Technician A c. Both A and B

b. Technician B d. Neither A nor B

 2. When replacing brake pads on a vehicle: Techni-
cian A works on one wheel before beginning 
work on another. Technician B uses a minimum 
of 50 psi of air pressure to force the piston from 
the caliper housing. Who is correct?

a. Technician A c. Both A and B

b. Technician B d. Neither A nor B

 3. When examining disc brakes: Technician A visu-
ally inspects the rotor and says that the rotor can 
be reused if it is not damaged or scored. Techni-
cian B says that it is normal for the inboard pad 
to be slightly more worn than the outside pad. 
Who is correct?

a. Technician A c. Both A and B

b. Technician B d. Neither A nor B

 4. Technician A cleans brake components in dena-
tured alcohol. Technician B cleans brake compo-
nents in clean brake fluid. Who is correct?

a. Technician A c. Both A and B

b. Technician B d. Neither A nor B

 5. While discussing how to remove the piston from 
a brake caliper: Technician A says that the dust 
boot should be removed, then a large dull screw-
driver should be inserted into the piston groove 
to pry the piston out. Technician B says that air 
pressure should be injected into the bleeder 
screw’s bore to force the piston out of the caliper. 
Who is correct?

a. Technician A c. Both A and B

b. Technician B d. Neither A nor B

 6. The functions of a splash shield are being 
discussed: Technician A says that disc brakes 
will function normally without a splash shield in 
place. Technician B says that a splash shield 
helps to direct cooling air over the rotor. Who is 
correct?

a. Technician A c. Both A and B

b. Technician B d. Neither A nor B

 7. Technician A says that the piston seal retracts 
the caliper piston when hydraulic pressure is 
released. Technician B says that a return spring is 
used to retract a caliper piston. Who is correct?

a. Technician A c. Both A and B

b. Technician B d. Neither A nor B

REVIEW QUESTIONS

 1. Name the three major assemblies that make up a 
disc brake.

 2. Name the three types of calipers used on disc 
brakes.

 3. What type of brake uses the inside of each rear 
wheel hub and rotor assembly as a parking brake 
drum?

 4. True or False?  Disc brakes are not as likely to fade 
during heavy braking as are drum brakes.

 5. What are the two basic types of brake rotors used 
on today’s vehicles?

 6. True or False?  All calipers have at least one piston 
that pushes the brake pad against the rotor?

 7. What is the difference between floating and slid-
ing calipers?

 8. What is rotor parallelism and how is it checked?

 9. Why is brake fluid removed from the master cyl-
inder prior to working on disc brakes?

 10. Describe the procedure for using compressed air 
to remove a piston from a brake caliper.

 11. List three conditions that dictate that a rotor 
should be refinished.

 12. Give two main advantages of an on-vehicle lathe 
versus a bench lathe.

 13. What should be done to remove rust, corrosion, 
pitting, and scratches from the piston bore?

 14. Which term refers to variations in thickness of 
the rotor?

a. torque

b. lateral runout

c. parallelism

d. pedal pulsation

 15. Which of the following is not likely to cause a pul-
sating brake pedal?

a. loose wheel bearings

b. worn brake pad linings

c. excessive lateral runout

d. nonparallel rotors

ASE-STYLE
REVIEW QUESTIONS

 1. Technician A says that a hard brake pedal on a 
vehicle with disc brakes can be caused by air in 
the hydraulic system. Technician B says that a 
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 8. Technician A says that fixed calipers use a piston 
on each side of the rotor to apply the brakes. 
Technician B says that sliding calipers typically 
use only one piston or pistons on one side of the 
rotor. Who is correct?

a. Technician A c. Both A and B

b. Technician B d. Neither A nor B

 9. While installing new brake pads: Technician A 
coats the inside diameter of the bushings with 
silicone grease before installing the mounting 
bolts and sleeves of floating calipers. Techni-
cian B lubricates the caliper ways on the cali-
per support and the mating parts of the sliding 

caliper housings with the recommended lubri-
cant. Who is correct?

a. Technician A c. Both A and B

b. Technician B d. Neither A nor B

 10. Loaded calipers are being discussed: Techni-
cian A says that loaded calipers are replacement 
calipers that come with pads and hardware 
already installed. Technician B says that loaded 
calipers should always be installed in axle sets. 
Who is correct?

a. Technician A c. Both A and B

b. Technician B d. Neither A nor B
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ANTILOCK BRAKE, TRACTION 
CONTROL, AND STABILITY 
CONTROL SYSTEMS

ABS warning lamp

ATC & ESC
warning lamp

Brake warning lamp

C H A P T E R

51
OBJECTIVES

■ Explain how antilock brake systems work to bring a vehicle to a controlled stop. ■ Describe the 
differences between an integrated and a nonintegrated antilock brake system. ■ Briefly describe the 
major components of a two-wheel antilock brake system. ■ Briefly describe the major components of 
a four-wheel antilock brake system. ■ Describe the operation of the major components of an antilock 
brake system. ■ Describe the operation of the major components of automatic traction and stability 
control systems. ■ Explain the best procedure for finding ABS faults. ■ List the precautions that 
should be followed whenever working on an antilock brake system.

A ntilock brake systems (ABS) and traction and 
stability control systems are rapidly gaining 

popularity. ABS is now standard equipment on most 
vehicles and is available on others. These systems add 
yet another group of electronically controlled systems 
to the increasingly complex modern vehicle.

ANTILOCK BRAKES
Modern antilock brake systems (Figure 51–1) can be 
thought of as electronic/hydraulic pumping of the 
brakes for straight-line stopping under panic condi-
tions. Good drivers have always pumped the brake 
pedal during panic stops to avoid wheel lockup and 
the loss of steering control. Antilock brake systems 

simply get the pumping job done much faster and in 
a much more precise manner than the fastest human 
foot. Keep in mind that a tire on the verge of slipping 
produces more friction with respect to the road than 
one that is locked and skidding. Once a tire loses its 
grip, friction is reduced and the vehicle takes longer to 
stop.

Pressure Modulation
When the driver quickly and firmly applies the brakes 
and holds the pedal down, the brakes of a vehicle not 
equipped with ABS will almost immediately lock the 
wheels. The vehicle slides rather than rolls to a stop. 
During this time, the driver also has a very difficult 
time keeping the vehicle straight and the vehicle will 
skid out of control. The skidding and lack of control 
was caused by the locking of the wheels. If the driver 
was able to release the brake pedal just before the 
wheels locked up then reapply the brakes, the skid-
ding could be avoided.

This release and apply of the brake pedal is exactly 
what an antilock system does. When the brake pedal 
is pumped or pulsed, pressure is quickly applied and 
released at the wheels. This is called pressure mod-
ulation. Pressure modulation works to prevent 
wheel locking. Antilock brake systems can modulate 
the pressure to the brakes as often as fifteen times 
per second. By modulating the pressure to the 
brakes, friction between the tires and the road is 

Figure 51–1 A common four-wheel antilock brake 
system. Courtesy of Chrysler LLC
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maintained and the vehicle is able to come to a con-
trollable stop.

The only time reduced friction aids in braking is 
when a tire is on loose snow. A locked tire allows a small 
wedge of snow to build up ahead of it, which allows it 
to stop in a shorter distance than a rolling tire.

Steering is another important consideration. As 
long as a tire does not slip, it goes only in the direction 
in which it is turned. But once it skids, it has little or no 
directional stability. One of the big advantages of ABS, 
therefore, is the ability to keep control of the vehicle 
under all conditions.

Slip Rate
The maneuverability of the vehicle is reduced if the 
front wheels are locked, and the stability of the vehicle 
is reduced if the rear wheels are locked. A locked tire 
skids on pavement and has poor traction. This condi-
tion allows for 100% tire slip, whereas a tire rolling 
freely has a slip of nearly 0%. Slip is the difference 
between the actual speed of the vehicle and the speed 
of the tire’s tread as it rotates on the pavement. Anti-
lock brake systems control the slip rate (Figure 51–2) 
of the wheels to ensure maximum grip force, or trac-

tion, at the tires. It is the traction of the tires that actu-
ally stops the vehicle; therefore, ABS can improve 
braking and handling by controlling the brake fluid 
pressure at each wheel to attain the target slip rate at 
that wheel.

Although ABS prevents complete wheel lockup, it 
allows some wheel slip in order to achieve the best 
braking possible. During ABS operation, the target 
slip rate can be from 10% to 30%. A slip rate of 25% 
means the velocity of a wheel is 25% less than that of 
a free rolling wheel at the same vehicle speed. Many 
things are considered when determining the target 
slip rate for a particular vehicle. For some the range is 
very low—5% to 10%—while on others it is high—20% 
to 30%.

Customer Care
Remind your customers that pumping the brake 
pedal while stopping will prevent the ABS from 
activating. They should always keep firm steady 
pressure on the brake pedal during braking.

Pedal Feel
The brake pedal on a vehicle equipped with ABS has a 
different feel than that of a conventional braking sys-
tem. When the ABS is activated, a small bump fol-
lowed by rapid pedal pulsations will continue until 
the vehicle comes to a stop or the ABS turns off. These 
pulsations are the result of the modulation of pres-
sure to the brakes and are felt more on some systems 
than on others. This is due to the use of damping 
valves in some modulation units. If pedal feel is of 
concern during diagnosis of a brake problem, com-
pare the brake pedal feel with that of a similar vehicle 
with a normal operating antilock brake system. With 
ABS, the brake pedal effort and pedal feel during nor-
mal braking are similar to that of a conventional 
power brake system.

ABS COMPONENTS
Many different designs of antilock brake systems 
are found on today’s vehicles. These designs vary in 
their basic layout, operation, and components. 
There are also variations based on the type of 
power-assist used and on whether the system is 
integral. The ABS components that may be found 
on a vehicle can be divided into two categories: 
hydraulic and electrical/electronic components. 
Keep in mind that no one system uses all of the 
parts discussed here. Normal or conventional brake 
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Figure 51–2 Defining slip rate.
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parts are part of the overall brake system but are 
not in the following discussion.

Hydraulic Components
Accumulator An accumulator is used to store hydrau-
lic fluid to maintain high pressure in the brake system 
and to provide residual pressure for power-assisted 
braking. Normally, the accumulator is charged with 
nitrogen gas (Figure 51–3) and is an integral part of 
the modulator unit. This unit is typically found on 
vehicles with a hydraulically assisted brake system.

Antilock Hydraulic Control Valve Assembly This 
assembly controls the release and application of brake 
system pressure to the wheel brake assemblies. It may 
be of the integral type, meaning this unit is combined 
with the power-boost and master cylinder units into 
one assembly (Figure 51–4). The nonintegral type is 
mounted externally from the master cylinder/power 
booster unit and is located between the master cylin-
der and wheel brake assemblies. Both types generally 
contain solenoid valves that control the releasing, the 
holding, and the applying of brake system pressure.

Booster Pump The booster pump is an assembly of 
an electric motor and pump. The booster pump is 
used to provide pressurized hydraulic fluid for the 
ABS. The pump’s motor is controlled by the system’s 
control unit. The booster pump is also called the elec-
tric pump and motor assembly.

Booster/Master Cylinder Assembly The booster/
master cylinder assembly (Figure 51–5), sometimes 
referred to as the hydraulic unit, contains the valves 
and pistons needed to modulate hydraulic pressure 
in the wheel circuits during ABS operation. Power 
brake-assist is provided by pressurized brake fluid 
supplied by a hydraulic pump.

Fluid Accumulators Different than a pressure accu-
mulator, fluid accumulators temporarily store brake 
fluid removed from the wheel brake units during an 
ABS cycle. This fluid is then used by the pump to build 
pressure for the brake hydraulic system. There are 
normally two fluid accumulators in a hydraulic con-
trol unit, one each for the primary and secondary 
hydraulic circuits.

Hydraulic Control Unit This assembly contains the 
solenoid valves, fluid accumulators, pump, and an 
electric motor. This is actually a combination unit of 
many individual components found separately in 
some systems. The unit may have one pump and one 
motor or it will have one motor and two pumps: one 
pump for half of the hydraulic system and the other 
for the other half.

Main Valve This two-position valve is also controlled 
by the ABS control module and is open only in the ABS 
mode. When open, pressurized brake fluid from the 
booster circuit is directed into the master cylinder 
(front brake) circuits to prevent excessive pedal travel.

Modulator Unit (Figure 51–6) The modulator unit 
controls the flow of pressurized brake fluid to the 
individual wheel circuits. Normally the modulator is 
made up of solenoids that open and close valves, sev-
eral valves that control the flow of fluid to the wheel 
brake units, and electrical relays that activate or deac-
tivate the solenoids through the commands of the 
control module. This unit may also be called the 
hydraulic actuator, hydraulic power unit, or the elec-
trohydraulic control valve.

Solenoid Valves The solenoid valves are located in 
the modulator unit and are electrically operated by 
signals from the control module. The control module 
switches the solenoids on or off to increase, decrease, 
or maintain the hydraulic pressure to the individual 
wheel units.

Valve Block Assembly The valve block assembly 
attaches to the side of the booster/master cylinder 
and contains the hydraulic wheel circuit solenoid 
valves. The control module controls the position of 
these solenoid valves. The valve block is serviceable 
separate from the booster/master cylinder but should 
not be disassembled. An electrical connector links the 
valve block to the ABS control module.

Wheel Circuit Valves Two solenoid valves are used to 
control each circuit or channel. One controls the inlet 
valve of the circuit, the other controls the outlet valve. 
When inlet and outlet valves of a circuit are used in 
combination, pressure can be increased, decreased, 

Accumulator

Diaphragm
(inside)

PumpNitrogen

Brake fluid

Figure 51–3 Pressure in an accumulator. Courtesy of 
Federal-Mogul Corporation
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or held steady in the circuit. The position of each valve 
is determined by the control module. Outlet valves are 
normally closed, and inlet valves are normally open. 
Valves are activated when the ABS control module 

switches 12 volts to the circuit solenoids. During nor-
mal driving, the circuits are not activated.

Electrical/Electronic Components
ABS Control Module This small control computer is 
normally mounted inside the trunk on the wheel hous-
ing, mounted to the master cylinder (Figure 51–7), 
or is part of the hydraulic control unit. It monitors 

Figure 51–4 A hydraulic unit for a Teves antilock brake system. Courtesy of Federal-Mogul Corporation

Reservoir
assembly

Solenoid
valve
block Electric motor and pump

Figure 51–5 A master brake cylinder in this typical 
integrated system uses an electric pump for power boost. 
Courtesy of Ford Motor Company

Modulator
assembly

Figure 51–6 A rear wheel ABS modulator assembly. 
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system operation and controls antilock function when 
needed. The module relies on inputs from the wheel 
speed sensors and feedback from the hydraulic unit to 
determine if the antilock brake system is operating cor-
rectly and to determine when the antilock mode is 
required. The module has a self-diagnostic function 
including numerous trouble codes. This module may 
also be called the ECU (electronic control unit), EBCM 
(electronic brake control module), the antilock brake 
controller, or the ECM (electronic control module). 
The name used depends on the manufacturer and year 
of the vehicle.

Brake Pedal Sensor The antilock brake pedal sensor 
switch is normally closed. When the brake pedal travel 
exceeds the antilock brake pedal sensor switch set-
ting during an antilock stop, the antilock brake con-
trol module senses that the antilock brake pedal 
sensor switch is open and grounds the pump motor 
relay coil. This energizes the relay and turns the pump 
motor on. When the pump motor is running, the 
hydraulic reservoir is filled with high-pressure brake 
fluid, and the brake pedal will be pushed up until the 
antilock brake pedal sensor switch closes. When 
the antilock brake pedal sensor switch closes, the 
pump motor is turned off and the brake pedal will 
drop some with each ABS control cycle until the anti-
lock brake pedal sensor switch opens and the pump 
motor is turned on again. This minimizes pedal feed-
back during ABS cycling.

Data Link Connector (DLC). The DLC provides access 
and/or control of vehicle information, operating con-
ditions, and diagnostic information.

Diagnostic Trouble Code (DTC). These trouble codes 
are numeric identifiers for fault conditions identified 
by the ABS’s internal diagnostic system.

Indicator Lights Most ABS-equipped vehicles are 
fitted with two different brake warning lights. One of 
the warning lights is tied directly to the ABS, whereas 
the other lamp is part of the base brake system. All 
vehicles have a red warning light. This lamp lights 
when the brake fluid level is low, when there is a prob-
lem with the brake system, or when the parking brake 
is on. An amber warning lamp lights when there is a 
fault in the ABS. Both lamps will illuminate if there is 
a major problem in the base system, causing the ABS 
to be inhibited.

Lateral Acceleration Sensor Used on some vehicles 
with stability control, this switch monitors the side-
ward movement of the vehicle while it is turning a 
corner. This information is sent to the control module 
to ensure proper braking during turns.

Pressure Switch This switch controls pump motor 
operation and the low pressure warning light circuit. 
The pressure switch grounds the pump motor relay 
coil circuit, activating the pump when accumulator 
pressure drops below 2,030 psi (14,000 kPa). The 
switch cuts off the motor when the pressure reaches 
2,610 psi (18,000 kPa). The pressure switch also con-
tains switches to activate the dash-mounted warning 
light if accumulator pressure drops below 1,500 psi 
(10,343 kPa). This unit is typically found on vehicles 
with a hydraulically assisted brake system.

Pressure Differential Switch The pressure differen-
tial switch is located in the modulator unit. This switch 
sends a signal to the control module whenever there 
is an undesirable difference in hydraulic pressures 
within the brake system.

Relays Relays are electromagnetic devices used to 
control a high-current circuit with a low-current 
switching circuit. In ABS, relays are used to switch 
motors and solenoids. A low-current signal from the 
control module energizes the relays that complete 
the electrical circuit for the motor or solenoid.

Toothed Ring The toothed ring, also called a toner 
ring, can be located on an axle shaft, differential gear, 
or a wheel’s hub. This ring is used in conjunction with 
the wheel speed sensor. The ring has a number of 
teeth around its circumference. The number of teeth 
varies by manufacturer and vehicle model. As the ring 
rotates and each tooth passes by the wheel speed sen-
sor, an AC voltage signal is generated between the 
sensor and the tooth. As the tooth moves away from 
the sensor, the signal is broken until the next tooth 
comes close to the sensor. The end result is a pulsing 

Figure 51–7 On the left is an old-style hydraulic 
modulator with its control unit. On the right is the smaller, 
new-generation modulator and control module. Courtesy of 
Robert Bosch GmbH, www.bosch-presse.de
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signal that is sent to the control module. The control 
module translates the signal into wheel speed. The 
toothed ring may also be called the reluctor, tone ring, 
or gear pulser.

Wheel-Speed Sensor (Figure 51–8) The wheel-speed 
sensors are mounted near the different toothed rings. 
As the ring’s teeth rotate past the sensor, an AC volt-
age is generated. As the teeth move away from the 
sensor, the signal is broken until the next tooth comes 
close to the sensor. The end result is a pulsing signal 
that is sent to the control module. The control mod-
ule translates the signal into wheel speed. The sensor 
is normally a small coil of wire with a permanent mag-
net in its center.

Multiplexing
The electronic circuit and wiring of an ABS is tied into 
the vehicle’s CAN network. This allows the ABS con-
trol unit to communicate with other control modules 
and share input devices with them. Every computer in 
the vehicle has access to all of the data in the CAN net-
work, but individual computers use only the data that 
applies to their function. CAN communications is 
especially important when ABS is modified with addi-
tional features, such as traction and stability control.

Basic Operation
The control unit processes inputs and controls the 
operation of isolation/dump valves in the hydraulic 

modulator unit. The isolation/dump valves block off 
or isolate the master cylinder from certain brakes. As 
long as the brakes are applied and the vehicle is 
moving, the master cylinder remains isolated so addi-
tional fluid cannot be directed to those brakes. At the 
same time, the dump valve opens and allows a very 
small amount of fluid from the brake lines to enter an 
accumulator. This reduces the hydraulic pressure 
delivered to the brake and it is slightly released to 
allow the wheels to turn. If the wheels speed up too 
much, the dump valve reverses and the accumulator 
forces a small amount of fluid back into the brake. 
This constant dump/recharge is what causes the pul-
sation of the brake pedal during a panic or ABS stop. 
Most systems have a dedicated isolation/dump valve 
for each wheel.

TYPES OF ANTILOCK BRAKE 
SYSTEMS
The ABSs found on today’s vehicles are manufactured 
by one of many different companies. Each manufac-
turer has a unique way to accomplish the same 
thing—vehicle control during braking. When work-
ing with ABS, it is important that you identify the exact 
system you are working with and follow the specific 
service procedures for that system. Often the system 
is initially identified by the manufacturer and then its 
model number; for example, a Teves Mark 20 system 
was manufactured by Teves and this model 20 is 
found on 1997 and later Chrysler vehicles. Keep in 
mind that there have been nearly 50 different ABSs 
used by the industry in recent years.

The exact manner in which hydraulic pressure is 
controlled depends on the ABS design. A great major-
ity of the earlier ABSs were integrated or integral sys-
tems. They combine the master cylinder, hydraulic 
booster, and ABS hydraulic circuitry into a single 
hydraulic assembly.

Nearly all of today’s systems are nonintegral. They 
use a conventional vacuum-assist booster and mas-
ter cylinder. The ABS hydraulic control unit is a sepa-
rate mechanism. In some nonintegrated systems, the 
master cylinder supplies brake fluid to the hydraulic 
unit. Although the hydraulic unit is a separate assem-
bly, it still uses a high-pressure pump/motor, an 
accumulator, and fast-acting solenoid valves to con-
trol hydraulic pressure to the wheels. 

Both integral and nonintegral systems operate in 
much the same way; therefore, an understanding of 
one system will lend itself to the understanding of the 
other systems. 

General Motors’ electromagnetic ABS is a different 
type of nonintegral system that uses a conventional 

Tone
wheel

Speed
sensor

Figure 51–8 A wheel-speed sensor on a FWD drive 
axle. Courtesy of Chrysler LLC
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vacuum power booster and master brake cylinder. 
But it does not use a high-pressure pump/motor, an 
accumulator, and fast-acting solenoid valves to con-
trol hydraulic pressure. Instead, it uses motors in a 
hydraulic modulator. 

In addition to being classified as integral and 
nonintegral ABSs, systems can be broken down into 
the level of control they provide. ABSs can be one-, two-,
three-, or four-channel, two- or four-wheel systems. A 
channel is merely a hydraulic circuit to the brakes.

Two-Wheel Systems
These basic systems offer antilock brake performance 
to the rear wheels only. They do not provide antilock 
performance to the steering wheels. Two-wheel sys-
tems are most often found on light trucks and some 
sport utility vehicles (Figure 51–9).

These systems can be either one- or two-channel 
systems. In one-channel systems, the rear brakes on 
both sides of the vehicle are modulated at the same 
time to control skidding. These systems rely on the 
input from a centrally located speed sensor. The 
speed sensor is normally positioned on the ring gear 
in the differential unit (Figure 51–10), transmission, 
or transfer case.

Although not commonly found, a two-channel 
system can be used to modulate the pressure to each 
of the rear wheels independently of each other. Mod-
ulation is controlled by the speed variances recorded 
by speed sensors located at each wheel.

Two-channel systems may be found on some 
diagonally split brake systems. These systems use two 
speed sensors to provide wheel speed data for the 
regulation of all four wheels. One sensor has input 
that controls the right front wheel; the other sensor 
performs identically for the left front wheel.

Brake hydraulic pressure to the opposite rear 
wheel is controlled simultaneously with its diagonally 

located front wheel. For example, the right rear wheel 
receives the same pumping instructions as the left 
front wheel. This system is an upgrade from the two-
wheel system since it does provide steering control. 
However, it can have shortcomings under certain 
operating conditions.

Full (Four-Wheel) Systems
Some hydraulic systems that are split from front to 
rear use a three-channel system and are called four-
wheel antilock brake systems. These systems have 
individual hydraulic circuits to each of the two front 
wheels, and a single circuit to the two rear wheels.

The most effective and most common ABS avail-
able is a four-channel system, in which sensors mon-
itor each of the four wheels. With this continuous 
information, the ABS control module ensures that 
each wheel receives the exact braking force it needs to 
maintain both antilock and steering control.

ABS OPERATION
The exact operation of an antilock brake system 
depends on its design and manufacturer. It would 
take many pages to try to explain the operation of 
each, and as soon as you read the explanations there 
would be two or more new systems that would have 
to be explained. The exact operation of any system 
can be easily understood if you understand the basic 
operation of a few. The primary difference in opera-
tion between them all is based on the components 
used by the system. Therefore, the following systems 
were chosen as examples of how certain systems 
operate with the components they have.

Two-Wheel Systems (Nonintegral)
These systems are used to prevent rear wheel lockup 
on pickup trucks and SUVs, especially under light 
payload conditions. They consist of a standard power 
brake system, an electronic control unit (control 
module), and an isolation/dump valve assembly. The 
valve assembly is attached to the master cylinder at 
the rear brake line. Both rear wheel brake assemblies 
are controlled by the valve assembly under ABS 
conditions.

Under normal braking, pressure will pass through 
the valve assembly. The control module receives a sig-
nal from the brake switch when brakes are applied and 
begins to monitor the vehicle speed sensor (VSS) signal 
at speeds over 5 miles per hour (8 km/h). If the control 
module detects a deceleration rate from the VSS that 
would indicate probable rear wheel lockup, it activates 
the isolation valve, which stops the buildup of pressure 
to the rear wheels. If further deceleration occurs that 
would indicate lockup, the control module will rapidly 

VSS Buffer

Control valve

Brake line

Electronic brake
control module

(EBCM)

Figure 51–9 The main components of a rear wheel 
ABS.
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pulse the dump valve to release brake pressure into the 
accumulator. The control module continues to pulse 
the dump valve until rear wheel deceleration matches 
the vehicle’s deceleration rate or the desired slip rate. 
When wheel speed picks up, the control module will 
turn off the isolation valve, allowing the fluid in the 
accumulator to return to the master cylinder and nor-
mal braking control to resume.

The control unit has three distinct functions: it per-
forms self-test diagnostics, it monitors the ABS action 
and system, and it controls the ABS solenoid valves.

When the ignition switch is turned on, the control 
module checks its ROM and RAM. If an error is 
detected, a DTC is set in memory. A DTC will also be 
set if the control module senses a problem during ABS 
operation.

The control module continuously monitors the 
speed of the differential ring gear through signals 
from the rear wheel speed sensor. The control mod-
ule also receives signals from the brake light switch, 
brake warning lamp switch, reset switch, and the 
4WD switch.

Preventing wheel lockup is the primary responsi-
bility of the control module. It does this by controlling 
the operation of the isolation and dump solenoid 
valves. To check the effectiveness of the system, the 
dump valve can only be cycled a predetermined num-
ber of times during one stop before a DTC is set.

This system is disabled on four-wheel drive vehi-
cles when in the four-wheel drive mode due to trans-
fer case operation. Switching the transfer case into 
two-wheel drive mode will re-enable the ABS.

Four-Wheel Systems (Nonintegral)
The hydraulic circuit for this system is an indepen-
dent four-channel type (Figure 51–11). The hydraulic 
control unit is a separate unit. In the hydraulic control 
unit there are two valves per wheel; therefore, a total 
of eight valves are used. Some systems have three 
channels, one for each of the front wheels and one for 
the rear axle. Obviously these systems have only three 
pairs of solenoids (Figure 51–12). 

The system prevents wheel lockup during an emer-
gency stop by modulating brake pressure. It allows the 
driver to maintain steering control and stop the vehi-
cle in the shortest possible distance under most con-
ditions. During ABS operation, the driver will sense a 
pulsation in the brake pedal and a clicking sound. 

Operation The ABS control module calculates the 
slip rate of the wheels and controls the brake fluid 
pressure to certain wheel brakes to reach the target 
slip rate. If the control module senses that a wheel is 
about to lock, based on input sensor data, it pulses 
the normally open inlet solenoid valve closed for that 
circuit. This prevents any more fluid from entering 
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Figure 51–10 The speed sensor for both rear wheels is located on the differential unit. Courtesy of Chrysler LLC
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Figure 51–11 The basic electrical and hydraulic components of a four-wheel antilock 
brake system.

ANTILOCK
BRAKE
PROCESSOR

Figure 51–12 ABS operation—potential brake lock condition.
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that circuit. The ABS control module then looks at the 
sensor signal from the affected wheel again. If that 
wheel is still decelerating faster than the other three 
wheels, it opens the normally closed outlet solenoid 
valve for that circuit. This dumps any pressure that is 
trapped between the closed inlet valve and the brake 
back to the master cylinder reservoir. Once the 
affected wheel returns to the same speed as the other 
wheels, the control module returns the valves to their 
normal condition, allowing fluid flow to the affected 
brake. 

Wheel speed at each wheel is measured by 
variable-reluctance sensors or PM generators. As the 
teeth on the gear pulser or tone wheel rotate past the 

sensor, AC current is generated. The AC frequency 
and amplitude change in accordance with the wheel 
speed (Figure 51–13). 

Modulator Assembly The ABS modulator assembly 
consists of the inlet solenoid valve, outlet solenoid 
valve, reservoir, pump, pump motor, and the damp-
ing chamber. The hydraulic control has three modes: 
pressure reduction (decrease), pressure retaining 
(hold), and pressure intensifying (increase). 

While in the pressure reduction decrease mode 
(Figure 51–14), the inlet valve is closed and the outlet 
valve is open. During this mode, fluid pressure to the 
wheel brake is blocked and the existing fluid in the 
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Figure 51–13 A wheel-speed sensor.
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Figure 51–14 Antilock braking, pressure reduction. Courtesy of Chrysler LLC
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caliper flows through the outlet valve back to the 
master cylinder reservoir. During the pressure-
intensifying mode (Figure 51–15), the inlet valve is 
open and the outlet valve is closed. Pressurized fluid 
is pumped to the caliper. To keep the pressure at the 
caliper during the pressure-retaining mode, the inlet 
and outlet valves are closed.

The pump/motor provides the extra fluid 
required during an ABS stop. The pump is supplied 
fluid that is released to the accumulators when the 
outlet valve is open during an ABS stop. The accu-
mulators provide temporary fluid storage for use 
during an ABS stop. The pump also drains the accu-
mulator circuits after the ABS stop is complete. The 
pump is run by an electric motor controlled by a 
relay that is controlled by the ABS control module. 
The pump is continuously on during an ABS stop 
and remains on for about 5 seconds after the stop is 
complete.

Keep in mind that the activity of the solenoid 
valves changes rapidly, several times each second. 
This means the fluid under pressure must be redi-
rected quickly; this is the primary job of the pump.

Integral Four-Wheel Systems
When the brakes are released, the piston in the mas-
ter cylinder retracts. The booster chamber is vented 
to the reservoir, and the fluid in the chamber is at the 
same low pressure as the reservoir. When the brakes 
are applied, under normal conditions, the brake pedal 
actuates a pushrod (Figure 51–16). This moves a 
lever, which moves a spool valve. When the spool 
valve moves, it closes the port from the booster cham-
ber to the reservoir and partially opens the port from 
the accumulator in proportion to the pressure on the 
brake pedal. This allows hydraulic fluid under pres-
sure from the accumulator to enter the booster cham-
ber. As hydraulic pressure enters, it pushes the booster 
piston forward, providing hydraulic assist to the 
mechanical thrust from the pushrod.

When the control module determines that the 
wheels are locking up, it opens a valve that supplies 
one chamber between the two master cylinder pis-
tons and another chamber between the retraction 
sleeve and the first master cylinder piston. The 
hydraulic pressure on the retraction sleeve retracts 
the pushrod, pushing back the brake pedal. In effect, 
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Figure 51–15 Antilock braking, pressure increase. Courtesy of Chrysler LLC
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the hydraulic pressure to the wheels is now supplied 
by the accumulator, not by the brake pedal action. 
The control module also opens and closes the sole-
noid valves to cycle the brakes on the wheels that have 
been locking up.

When the solenoid valves are open, the master 
cylinder pistons supply hydraulic fluid to the front 
brakes, and the boost pressure chamber provides 
hydraulic pressure to the rear. When the solenoid 
valves are closed, the hydraulic fluid from the master 
cylinder pistons and booster pressure chamber is cut 
off. The hydraulic fluid is returned from the brakes to 
the reservoir.

General Motors’ Electromagnetic 
Antilock Brake Systems
Beginning in 1991, General Motors began equipping 
certain small and midsize vehicles with an antilock 
braking system called the ABS-VI. This system is an 
add-on system that uses a conventional vacuum 
power booster and master brake cylinder. It does not 
use a high-pressure pump/motor and accumulator 
and fast-acting solenoid valves to control hydraulic 
pressure. Instead, it uses a hydraulic modulator (Fig-
ure 51–17) that operates using a principle called elec-
tromagnetic braking.

As in integrated systems, wheel speed is moni-
tored using individual speed sensors. When one 
wheel begins to decelerate faster than the others while 
braking, the control module signals the hydraulic 

modulator assembly to reduce pressure to the affected 
brake.

The ABS-VI modulator contains three small screw 
plungers—one for each front brake circuit and one 
for the rear brake circuit (Figure 51–18)—that are 
driven by electric motors. At the top of each plunger 
cavity is a check ball that controls hydraulic pressure 
within the brake circuit.

The hydraulic valve body (modulator) assembly 
and motor pack is mounted to the master cylinder. 
The hydraulic brake circuit for each front wheel is 
controlled by a motor, gear-driven ball screw, sole-
noid, piston, and check valve. The rear wheel circuit is 
controlled by check balls and a single motor; there-
fore, both rear brakes are modulated together.

The motors are high-speed, bidirectional motors 
that quickly and precisely position the ball screws. 
Each motor has a brake that allows its ball screw to 
maintain its position against hydraulic pressures. The 
front motors have an electromagnetic brake (EMB) 
and the rear motor uses an expansion spring brake 
(ESB).

During normal braking conditions, each plunger 
is all the way up. The check ball at the top is unseated 
and the bypass solenoid is normally open, which 
allows brake pressure from the master cylinder and 
vacuum power booster to apply the brakes during 
normal stopping.

During panic stops, the ABS mode operates. In 
this situation, brake pressure must be reduced to 

Figure 51–16 Normal braking with antilock system.
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1518 S E C T I O N  8  •  B r a k e s

 prevent wheel lockup. This is done by closing the nor-
mally open solenoid to isolate the circuit and then 
turning the plunger down to reduce braking pressure. 
As the plunger turns down, it increases the volume 
within the brake circuit. This causes a drop in pres-

sure that keeps the wheel from locking. The amount 
of pressure applied is controlled by running the 
plunger up and down as required. To decrease pres-
sure further, the plunger is run down. To reapply 
pressure, the plunger moves back up.

Master 
cylinder

   Left front
solenoid valve

  Right front
solenoid valve

    Rear
modulation 
   pistons

   Left front
 modulation
    piston

 Right front
 modulation
    piston

Figure 51–17 The hydraulic layout for GM’s ABS-VI system. 

 Master 
cylinder

Transfer
tube (2)

ABS hydraulic
  valve body
   assembly

Motor pack
 assembly

ABS hydraulic valve
    body assembly
  attaching bolts (2)

Figure 51–18 The hydraulic modulator is an add-on component 
to the conventional master cylinder. The electric motors can be replaced 
separately, as can the two solenoids. 
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The system can cycle the brakes seven times per 
second. Because the system does not have a high-
pressure pump and accumulator, it cannot increase 
brake pressure above what can be provided by the 
master cylinder and vacuum-assist booster.

Other Brake System Controls
A few automobiles are now equipped with an elec-
tronic brake-assist system that can recognize emer-
gency braking and automatically apply full-power 
brake force for shorter stopping distances. This sys-
tem is activated only in emergency braking situations 
and does not affect normal brake operation.

The system recognizes emergency braking by the 
speed at which it was depressed and the brakes are 
automatically applied under full power. The system is 
driver-adaptive as it learns the driver’s braking habits 
by using sensors to monitor every movement of the 
brake pedal. When the sensors detect an emergency 
stop, an electronic valve at the power brake booster is 
turned on. This supplies full braking power to the 
wheels. The ABS prevents the wheels from locking in 
spite of the full-power braking force.

AUTOMATIC TRACTION CONTROL
Automakers use the technology and hardware of 
ABSs to control tire traction and vehicle stability. As 
explained earlier, an ABS pumps the brakes when a 
braking wheel attempts to go into a locked condition. 

Automatic traction control (ATC) systems apply the 
brakes when a drive wheel attempts to spin and lose 
traction (Figure 51–19). Manufacturers have used 
various basic designs for these systems and they are 
referred to as ATC, traction control systems (TCS), 
and acceleration slip reduction (ASR) systems. 

Controlling wheel slip is the goal of both ABS and 
ATC. ABS controls negative wheel slip by modulating 
the hydraulic pressure to the wheel, or wheels, that is 
skidding. An ATC system controls positive wheel spin 
by modulating hydraulic pressure at the wheel that is 
spinning to slow down the wheel. Many systems use 
other methods before applying brake pressure.

ATC is most helpful on four-wheel or all-wheel 
drive vehicles where loss of traction at one wheel 
could hamper driver control. It is also desirable on 
high-powered front-wheel-drive vehicles for the same 
reason. Often if traction control is fitted to a FWD 
vehicle, the ABS modified system is a three-channel 
system because ATC is not needed at the rear wheels. 
On RWD and 4WD vehicles, the system is based on a 
four-channel ABS.

In order to use the brakes to control wheel spin, the 
ABS must have a pump to develop hydraulic pressure 
and an accumulator to store reserve pressure. During 
braking, the driver’s foot applies pressure to the brake 
pedal. During acceleration, the driver’s foot is nowhere 
near the brake pedal; so if brake pressure is to be used 

  Right front
wheel sensor   Left front

wheel sensor

  Right rear 
wheel sensor

   Left rear
wheel sensor   ABS 

actuator
   ABS
solenoid
   relay

TRAC
pump

 TRAC
actuator

TRAC
 ECM ECM

ABS and
TRAC ECM    TRAC

cut switch

     Lateral
accelerometer

Figure 51–19 A typical ATC system. 
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to stop wheel spin, the brake system must have an 
independent source of hydraulic pressure. 

During operation, the ATC system monitors the 
wheel-speed sensors. If a wheel enters a loss-of-
traction situation, the module applies braking force 
to the wheel in trouble. Loss of traction is identified by 
comparing the vehicle’s speed to the speed of the 
wheel. If there is a loss of traction, the speed of the 
wheel will be greater than expected for the particular 
vehicle speed. Wheel spin is normally limited to a 10% 
slippage. Some TCSs use separated hydraulic valve 
units and control modules for the ABS and ATC, 
whereas others integrate both systems into one 
hydraulic control unit and a single control module. 
The pulse rings and wheel-speed sensors remain 
unchanged from the ABS to the ATC.

Some ATC systems function only at low road 
speeds of 5 to 25 miles per hour. These systems are 
designed to reduce wheel slip and maintain traction 
at the drive wheels when the road is wet or snow cov-
ered. If during acceleration the module detects drive 
wheel slip and the brakes are not applied, the control 
module enters into the traction control mode. The 
inlet and outlet solenoid valves are pulsed and allow 
the brake to be quickly applied and released. The 
pump/motor assembly is turned on and supplies 
pressurized fluid to the slipping wheel’s brake.

Engine Controls
More advanced systems work at higher speeds and 
integrate some engine control functions into the con-
trol loop. Most ATC systems rely on inputs available 
on the CAN bus and compare front wheel speeds to 
rear wheel speeds to determine if drive wheels lose 
traction. 

When drive wheel slip is detected while the brake 
is not applied, the electronic brake control module 
(EBCM) will enter into the traction control mode. At 
that time, the PCM will initiate an engine torque 
reduction routine to slow down the drive wheels. The 
following shows how the PCM reduces torque to the 
drive wheels:

■ By retarding spark timing

■ By decreasing the opening of the throttle plate

■ By reducing or cutting off fuel injection pulses to 
one or more cylinders

■ By increasing exhaust gas recirculation (EGR) flow

■ By momentarily upshifting the transmission to a 
higher gear

If the engine torque reduction does not eliminate 
drive wheel slip, the EBCM will gradually apply the 
brakes at the driving wheels (Figure 51–20). The mas-

ter cylinder’s isolation valve closes to isolate the cylin-
der from the rest of the hydraulic system. Then prime 
valve opens to allow the pump to accumulate brake 
fluid and build hydraulic pressure. The drive wheel 
inlet and outlet solenoid valves then open and close 
and pass through stages of pressure hold, pressure 
increase, and pressure decrease.

Driver Controls and Indicators
Most TCSs have two warning lights. However, some 
vehicles display the status of the system with mes-
sages on the instrument cluster. Normally, an amber 
lamp will illuminate or a service message will appear 
as any of the ABS-disabling DTCs is set. When this 
occurs, the TCS is automatically disabled by the con-
trol unit. When the system is actively controlling 
wheel spin, a green lamp lights or a message is dis-
played saying the system is active.

There may also be a manual cut-off switch so the 
driver can turn off the TCS. This will cause the amber 
lamp to light or a message displayed, stating the sys-
tem is off.

Without
 TRAC
system

  With
 TRAC
system

Slippery
 surface

Regulating the throttle
 to control the engine
            output.

ECM

Brake actuator with 
  skid control ECU

Brake applied
to slipping
drive wheel

Figure 51–20 An ATC (TRAC) system applies the 
appropriate brakes and regulates engine output to help pre-
vent wheel slippage when accelerating on slippery surfaces.
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AUTOMATIC STABILITY CONTROL
Various stability control systems are found on today’s 
vehicles. Like TCSs, stability controls are based on and 
linked to the ABS (Figure 51–21). On some vehicles, 
the stability control system is also linked to the elec-
tronic suspension system. Most often, the stability 
control system is called an electronic stability control 
(ESC) system, although many other names are used. 
ESC helps prevent skids, swerves, and rollover acci-
dents. Basically the system applies the brakes at one or 
more wheels to help correct the steering. In some 
cases, power to the drive wheels is also reduced. 

It is important to remember that a vehicle’s ten-
dency to roll is influenced by its height, track width, 
and the stiffness of its suspension. ESC cannot over-
ride a car’s physical limits nor can it increase traction. 
If the vehicle is pushed beyond its traction limits, ESC 
may not be able to correct the vehicle’s movement. 
ESC simply helps the driver maintain control using 
the available traction.

ESC systems can control the vehicle during accel-
eration, braking, and coasting. If the brakes are 
applied but oversteer or understeer is occurring, the 
fluid pressure to the appropriate brake is increased 
(Figure 51–22). Understeer is a condition where the 
vehicle is slow to respond to steering changes. When 
the system senses understeer in a turn, the brake at 
the inside rear wheel is applied to regain vehicle 
stability. Oversteer occurs when the rear wheels try to 
swing around or fishtail. When this occurs, the ESC 
system will apply the brake at the outer rear or front 
wheel in an attempt to neutralize the oversteering.

The control unit, normally the EBCM, receives 
signals from the wheel-speed sensors, a steering angle 
sensor (typically part of the combination switch body 

behind the steering wheel), a lateral-acceleration 
sensor, a yaw sensor, roll sensors, and a brake-
pressure sensor. It also communicates with other 
control units through the CAN bus (Figure 51–23). 
The sensors basically let the control unit know the 
current status of the vehicle. 

The ESC control unit compares the driver’s 
intended direction (by monitoring steering angle) to 
the vehicle’s actual direction (by measuring lateral 
acceleration, yaw, and individual wheel speeds). If 
there is a difference between the two, the control unit 
intervenes by modulating individual front or rear 
wheels and/or reducing engine power output.

ESC continuously monitors key inputs such as 
yaw rate and wheel speed. Yaw is defined as the natu-
ral tendency of a vehicle to rotate on its vertical center 
axis or twist during a turn. A vehicle may also rotate 
naturally on its horizontal axis; this movement is 
called roll and pitch.

A yaw rate sensor is a gyroscopic sensor that mea-
sures the side-to-side twist of the vehicle. Two types 
of yaw rate sensors are used: micromechanical and 
piezoelectric. A micromechanical sensor relies on an 
oscillating element. The movement of this element is 
changed in response to yaw and speed. During a turn, 
the vehicle tends to yaw and the output from the sen-
sor changes. The control unit uses those signals to 
determine how much yaw is occurring. 

A piezoelectric sensor has a vibration-type gyro-
scope shaped like a tuning fork (Figure 51–24). The 
device is divided into two sections: upper and lower. 
Both sections have piezoelectric elements attached to 
them. As current flows through the piezoelectric mate-
rials, the sections oscillate from one side to the other. 
When the vehicle is making a turn, the movement of 
the vehicle causes the upper elements to move away 

Figure 51–22 The effects of a stability control (ESP � 
Electronic Stability Program) system. Courtesy of Robert Bosch 
GmbH, www.bosch-presse.de

Figure 51–21 The components of a typical vehicle 
stability control system. Courtesy of Robert Bosch GmbH, 
www.bosch-presse.de
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from the lower elements. This action generates an AC 
voltage signal that represents the vehicle’s speed and 
yaw rate. In a right turn, the signal voltage increases 
and decreases when the vehicle is turning right. The 
output signals range from 0.25 to 4.75 volts. When the 
vehicle has 0 yaw, the output signal will be 2.5 volts. 

The control unit looks at the actual yaw rate and 
compares it to the calculated desired rate. It responds 
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Throttle position
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Throttle control
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Multi-information display
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Figure 51–23 A typical system diagram for an ESC system.

Roll Yaw
Forward movement

Figure 51–24 The basis of a yaw rate sensor.
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to the difference between the two. This difference 
represents the amount of understeer or oversteer that 
is occurring. To correct the yaw, the system applies 
the brake at the appropriate wheel.

Typically the yaw rate sensor and lateral acceler-
ometer share the same housing. They are mounted in 
the center of the vehicle. The lateral accelerometer 
monitors acceleration, deceleration, and cornering 
forces. These sensors are commonly Hall-effect or 
piezoelectric units. Semiconductor materials are 
placed on a plate and are set 45 degrees away from 
the centerline of the vehicle. The plate is supported 
by four beams (Figure 51–25). The beams are 
designed to be able to flex in response to the move-
ment of the vehicle. The amount of flex determines 
the output signal from the sensor. The signal can 
range from 0.25 to 4.75 volts depending on the 
G-forces the vehicle is experiencing.

G-force is a measurement of a vehicle’s acceler-
ation. The term is based on the normal acceleration 
rate due to gravity (32.174 ft./s2 or 9.80665 m/s2).
A  G-force value of 1 means the acceleration rate of 
the vehicle is the same as the acceleration rate of 
gravity. A value of less than 1 means the rate is 
lower than that of gravity. Values greater than 1 
indicate that the forces acting on the vehicle are 
greater than the normal acceleration rate of grav-
ity. Most lateral accelerometer sensors have an 
operating range of �1.5 to �1.5 g. Zero lateral 
acceleration provides a 2.5-volt output signal. The 
voltage of the signal increases with an increase in 
lateral acceleration.

Stability Control System Indicators 
ESC systems use an indicator light or the message cen-
ter on the dash to tell the driver when the system is 
active (i.e., it has detected and corrected yaw rates). A 
lamp or the message center will also inform the driver 
when the system is turned off. If the control unit detects 

a problem in the system, it may shut down the system 
and alert the driver of needed service. Also, many ESC 
systems have an “off” switch so the driver can disable 
ESC, for example, when stuck in mud or snow. How-
ever, ESC defaults to “on” when the ignition is restarted. 
When the system has been turned off by the driver, a 
warning lamp or message is displayed.

ANTILOCK BRAKE SYSTEM 
SERVICE
Most of the service done to the brakes of an antilock 
brake system are identical to those in a conventional 
brake system. There are, however, some important 
differences. Always refer to the recommended proce-
dures in the appropriate service manual before 
attempting to service the brakes on an ABS-equipped 
vehicle.

Many ABS components are simply remove-and-
replace items. Normal brake repairs, such as replac-
ing brake pads, caliper replacement, rotor machining 
or replacement, brake hose replacement, master cyl-
inder or power booster replacement, or parking brake 
repair, can all be performed as usual. In other words, 
brake service on an ABS-equipped vehicle is similar 
to brake service on a conventional system with a few 
exceptions. Before beginning any service, check the 
service manual. It may be necessary to depressurize 
the accumulator to prevent personal injury from 
high-pressure fluid.

Safety Precautions
■ When replacing brake lines and/or hoses, always 

use lines and hoses designed for and specifically 
labeled for use on ABS vehicles.

■ Never use silicone brake fluids in ABS vehicles. 
Use only the brake fluid type recommended by 
the manufacturer (normally DOT-3).

■ Never begin to bleed the hydraulic brake system on 
a vehicle equipped with ABS until you have checked 
a service manual for the proper procedure.

■ Never open a bleeder screw or loosen a hydraulic 
brake line or hose while the ABS is pressurized.

■ Disconnect all vehicle computers, including the 
ABS control unit, before doing any electrical weld-
ing on the vehicle.

■ Never disconnect or reconnect electrical connec-
tors while the ignition switch is on.

■ Never install a telephone or CB antenna close to 
the ABS control unit or any other control module 
or computer.

■ Check the wheel-speed sensor to sensor ring air 
gap after any parts of the wheel-speed circuit have 
been replaced.

Front

Piezoelectric
    element

Mass

Beam
Figure 51–25 An acceleration/deceleration sensor. 
The semiconductor material rests on a plate that is supported 
by four beams that flex as thrust is applied in any direction.
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■ Keep the wheel sensor clean. Never cover the sen-
sor with grease unless the manufacturer specifies 
doing so; in those cases, use only the recom-
mended type.

■ When replacing speed (toothed) rings, never beat 
them on with a hammer. These rings should be 
pressed onto their flange. Hammering may result 
in a loss of polarization or magnetization.

Relieving Accumulator Pressure
Some services require that brake tubing or hoses be 
disconnected. Many ABSs use hydraulic pressures as 
high as 2,800 psi (19,300 kPa) and an accumulator to 
store this pressurized fluid. Before disconnecting any 
lines or fittings in many systems, the accumulator 
must be fully depressurized. A common method of 
depressurizing the ABS follows:

 1. Turn the ignition switch to the off position.

 2. Pump the brake pedal between twenty-five and 
fifty times.

 3. The pedal should be noticeably harder when the 
accumulator is discharged.

Procedures for depressurizing the system vary 
with the design of the system. Always refer to the ser-
vice manual.

DIAGNOSIS AND TESTING
Always follow the vehicle manufacturer’s procedures 
when diagnosing an ABS. In general, ABS diagnostics 
requires three to five different types of testing that 
must be performed in the specified order listed in the 
service manual. Types of testing may include the 
following:

 1. Prediagnostic inspections and test drive

 2. Warning light symptom troubleshooting

 3. On-board ABS control module testing (trouble 
code reading)

 4. Individual trouble code or component trouble-
shooting

C A U T I O N !
Following the wrong sequence or bypassing 
steps may lead to unnecessary replacement of 
parts or incorrect resolution of the symptom. 
The information and procedures given in this 
chapter are typical of the various antilock 
systems on the market. For specific instructions, 
consult the vehicle’s service manual.

Prediagnostic Inspection
Before undertaking any actual checks, take just a few 
minutes to talk with the customer about his or her 
ABS complaint. The customer is a very good source 
of information, especially when diagnosing inter-
mittent problems. Make sure you find out what 
symptoms are present and under what conditions 
they occur.

All ABSs have some sort of self-test. This test is 
activated each time the ignition switch is turned on. 
You should begin all diagnosis with this simple test.

Warning Lamps Place the ignition switch in the 
start position while observing both the red brake 
system light and amber ABS indicator lights (Fig-
ure 51–26). Both lights should turn on. Start the 
vehicle. The red brake system light should quickly 
turn off. This lamp will stay illuminated if the 
brake fluid level is low, the parking brake switch is 
closed, or the bulb test switch section of the igni-
tion switch is closed, or when certain ABS trouble 
codes are set.

With the ignition switch in the run position, the 
antilock brake control module will perform a prelimi-
nary self-check on the antilock electrical system. The 
self-check takes 3 to 6 seconds, during which time the 
amber antilock indicator light remains on. Once the 
self-check is complete, the ABS indicator light should 
turn off. If any malfunction is detected during this 
test, the amber lamp will either flash or light continu-
ously to alert the driver of the problem. In some sys-
tems, a flashing ABS indicator lamp indicates that the 
control unit detected a problem but has not sus-
pended ABS operation. However, a flashing ABS indi-
cator lamp is a signal that repairs must be made to the 
system as soon as possible.

ABS warning lamp

ATC & ESC
warning lamp

Brake warning lamp

Figure 51–26 The warning lights for a typical ABS-, 
ATC-, and ESC-equipped vehicle.
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A solid ABS indicator lamp indicates that a prob-
lem has been detected that affects the operation of 
ABS. No antilock braking will be available, but nor-
mal, nonantilock brake performance will remain. In 
order to regain ABS braking ability, the ABS system 
must be serviced.

If both brake indicators stay on and the parking 
brake is fully released, the front-to-rear braking distri-
bution system may be shut down due to a pressure 
loss.

If the lamp does not light when the ignition is 
turned on, the computer probably will not go into its 
self-test mode. The problem may be as simple as a 
burned-out bulb, or it may be a problem with the 
computer itself. To identify the cause for the bulb not 
illuminating, begin by checking the bulb. If the bulb is 
good, you will need to make some voltage tests at a 
diagnostic connector. Follow the testing procedures 
given by the manufacturer. Nearly all diagnostic con-
nectors have a ground terminal that is used for one or 
more test modes. Use a voltmeter or ohmmeter to 
check the continuity between the diagnostic ground 
terminal and the battery negative terminal. High 
ground resistance or an open circuit can keep the 
computer out of the self-test mode and may be a clue 
to other system problems.

Various other terminals on the diagnostic con-
nector may have other levels of voltage applied to 
them at different times. Some may have battery 
(system) voltage under certain conditions, whereas 
others may have 5 volts, 7 volts, or a variable voltage 
applied to them.

S H O P  T A L K
Dirty or damaged wheel-speed sensors and 
damaged sensor wiring harnesses are leading 
triggers to turn on ABS warning lamps. Do not 
rush to condemn the ABS computer or hydraulic 
module before checking the speed sensors and 
tone wheels.

Visual Inspection
The prediagnosis inspection consists of a quick visual 
check of system components. Problems can often be 
spotted during this inspection, which can eliminate 
the need to conduct other more time-consuming 
procedures. This inspection should include the 
following:

 1. Check the master cylinder fluid level.

 2. Inspect all brake hoses, lines, and fittings for signs 
of damage, deterioration, and leakage. Inspect 

the hydraulic modulator unit for any leaks or wir-
ing damage.

 3. Inspect the brake components at all four wheels. 
Make sure that no brake drag exists and that all 
brakes react normally when they are applied.

 4. Inspect for worn or damaged wheel bearings that 
may allow a wheel to wobble.

 5. Check the alignment and operation of the outer 
CV joints.

 6. Make sure the tires meet the legal tread depth 
requirements and that they are the correct size.

 7. Inspect all electrical connections for signs of cor-
rosion, damage, fraying, and disconnection.

 8. Inspect the wheel-speed sensors and their wir-
ing. Check the air gaps between the sensor and 
ring, and make sure these gaps are within the 
specified range. Also check the mounting of the 
sensors and the condition of the toothed ring and 
wiring to the sensor.

S H O P  T A L K
Remember that faulty base brake system com-
ponents may cause the ABS to shut down. Do 
not condemn the ABS too quickly.

Test Drive
After the visual inspection is completed, test drive the 
vehicle to evaluate the performance of the entire 
brake system. Begin the test drive with a feel of the 
brake pedal while the vehicle is sitting still. Then 
accelerate to a speed of about 20 mph (32 km/h). 
Bring the vehicle to a stop using normal braking pro-
cedures. Look for any signs of swerving or improper 
operation. Next, accelerate the vehicle to about 25 
mph (40 km/h) and apply the brakes with firm and 
constant pressure. You should feel the pedal pulsate if 
the antilock brake system is working properly.

During the test drive, both brake warning lights 
should remain off. If either of the lights turns on, take 
note of the condition that may have caused it. After 
you have stopped the vehicle, place the gear selector 
into park or neutral and observe the warning lights. 
They should both be off.

If the control module detects a problem with the 
system, the amber ABS indicator lamp will either flash 
or light continuously to alert the driver of the prob-
lem. In some systems, a flashing ABS indicator lamp 
indicates that the control unit detected a problem but 
has not suspended ABS operation. However, a flash-
ing ABS indicator lamp is a signal that repairs must be 
made to the system as soon as possible.
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A solid ABS indicator lamp indicates that a problem 
has been detected that affects the operation of ABS. No 
antilock braking will be available, but normal, nonanti-
lock, brake performance will remain. In order to regain 
ABS braking ability, the ABS must be serviced.

The red brake warning lamp will be illuminated 
when the brake fluid level is low, the parking brake 
switch is closed, the bulb test switch section of the 
ignition switch is closed, or when certain ABS trouble 
codes are set.

Intermittent problems can often be identified dur-
ing the test drive. If the scan tool is equipped with a 
“snap-shot” feature, use it to capture system perfor-
mance during normal acceleration, stopping, and 
turning maneuvers. If this does not reproduce the 
malfunction, perform an antilock stop on a low 
coefficient surface such as gravel, from approximately 
30 to 50 mph (48 to 80 km/h) while triggering the 
snapshot mode on the scan tool.

Self-Diagnostics
The control module monitors the electromechanical 
components of the system. A malfunction of the sys-
tem will cause the control module to shut off or inhibit 
the system. However, normal power-assisted braking 
remains. Malfunctions are indicated by a warning 
indicator in the instrument cluster. The system is self-
monitoring. When the ignition switch is placed in the 
run position, the ABS control module will perform a 
preliminary self-check on its electrical system indi-
cated by a second illumination of the amber ABS indi-
cator in the instrument cluster. During vehicle 
operation, the control module monitors all electrical 
ABS functions and some hydraulic functions during 
normal and antilock braking. With most malfunc-
tions of the ABS, the amber ABS indicator will be illu-
minated and a DTC recorded.

The electronic control system of most ABSs 
includes sophisticated on-board diagnostics that, 
when accessed with the proper scan tool, can identify 
the source of a problem within the system. Each of 
the DTCs represents a specific possible problem in 
the system (Figure 51–27). The service manual con-
tains a detailed step-by-step troubleshooting chart 
for each DTC. 

Chapters 22 and 25 for details on 
retrieving and interpreting DTCs.

Each system has its own self-diagnostic capabili-
ties. For example, an ABS-VI control module has 

five separate diagnostic modes. Data available for 
troubleshooting includes wheel-speed sensor read-
ings, vehicle speed, battery voltage, individual 
motor and solenoid command status, warning light 
status, and brake switch status. Numerous trouble 
codes are programmed into the control module to 
help pinpoint problems. Other diagnostic modes 
store past trouble codes. This data can help techni-
cians determine if an earlier fault code, such as an 
intermittent wheel-speed sensor, is linked to the 
present problem, such as a completely failed wheel 
sensor. Another mode enables testing of individual 
system components.

Testers and Scanning Tools
Different vehicle manufacturers provide ABS test and 
scan tools with varying capabilities (Figure 51–28). 
Some testers are used simply to access the digital 
trouble codes. Others may also provide functional 
test modes for checking wheel sensor circuits, pump 
operation, solenoid testing, and so forth. Current 
ABSs are tied to the GAN bus and do not require spe-
cial testers.

On some vehicles, the amber ABS light and red 
brake light flash out the digital trouble codes. As you 
can see, it is important to research the capabilities 
and proper use of the test equipment the vehicle 
manufacturer provides. Misuse of test equipment can 
be dangerous. For example, connecting test equip-
ment during a test drive that is not designed for this 
use may lead to loss of braking ability.

Once all system malfunctions have been cor-
rected, clear the ABS’ DTCs. Codes cannot be erased 
until all codes have been retrieved, all faults have 
been corrected, and the vehicle has been driven 
above a set speed (usually 18 to 25 mph [30 to 40 km/
h]). It may be necessary to disconnect a fuse for sev-
eral seconds to clear the codes on some systems. 
After service work is performed on the ABS, repeat 
the previous test procedure to confirm that all codes 
have been erased.

Testing Components with 
ABS Scan Tools
ABS scan tools and testers can often be used to moni-
tor and/or trigger input and output signals in the 
ABS. This allows you to confirm the presence of a 
suspected problem with an input sensor, switch, or 
output solenoid in the system. You can also check 
that the repair has been successful before driving the 
vehicle. Manual control of components and auto-
mated functional tests are also available when using 
many diagnostic testers. Details of typical functional 
tests follow.
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DTC Definition

C1211    ABS indicator signal circuit high
C1214  System relay contact or coil circuit open
C1217  BPMV pump motor control circuit shorted
C1218  Pump motor voltage
C1221–C1224 Wheel speed sensor input signal is zero
C1225–C1228 Excessive wheel speed sensor variation
C1232–C1235 Wheel speed sensor circuit open or shorted
C1236  Low system voltage
C1237  High system voltage
C1238  Drive wheel brake rotor excessive temperature
C1242    BPMV pump motor shorted to ground
C1243  BPMV pump motor stalled
C1245  Tire inflation monitor
C1246  Brake lining wear circuit open
C1248  Dynamic rear proportioning control system
C1251  RSS indicated malfunction
C1252  LF normal force malfunction
C1253  RF normal force malfunction
C1254  Checksum error
C1255  EBTCM internal malfunction (ABS/TCS disabled)
C1256  EBTCM internal malfunction
C1261  LF inlet solenoid valve malfunction
C1262  LF outlet solenoid malfunction
C1263  RF inlet solenoid valve malfunction
C1264  RF outlet solenoid malfunction
C1265  LR inlet solenoid valve malfunction
C1266  LR outlet solenoid malfunction
C1266  RR inlet solenoid valve malfunction
C1267  RR outlet solenoid malfunction
C1271  LF TCS master cylinder isolation valve malfunction
C1272  LF TCS prime valve malfunction
C1273  RF TCS master cylinder isolation valve malfunction
C1274  RF TCS prime valve malfunction
C1276  Delivered torque signal circuit malfunction
C1277  Requested torque signal circuit malfunction
C1278  TCS temporarily inhibited by PCM
C1281  Steering sensor uncorrelated malfunction
C1282  Yaw rate sensor bias circuit malfunction
C1283  Excessive time to center steering
C1284  Lateral accelerometer self-test malfunction
C1285  Lateral accelerometer circuit malfunction
C1286   Steering sensor bias malfunction
C1287  Steering sensor rate malfunction
C1288  Steering sensor circuit malfunction
C1291  Open brake switch contacts during deceleration
C1293  DTC C1291 set in previous ignition cycle
C1294  Brake light switch circuit always active
C1295  Brake light switch circuit open
C1298  Class 2 serial data link malfunction
P1571  Requested torque signal circuit malfunction
P1644  Delivered torque signal voltage invalid
P1689  Delivered torque signal voltage invalid

Figure 51–27 Examples of some of the DTCs that can be set by an 
ABS, ATC, ESC system.
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! W A R N I N G !

Certain components of the ABS are not intended 
to be serviced individually. Do not attempt to 
remove or disconnect these components. Only 
those components with approved removal and 
installation procedures in the manufacturer’s 
service manual should be serviced.

Testing Components with a Lab Scope
Like most electrical/electronic systems, antilock 
brake traction control and stability control system 
components can be tested with a lab scope. A lab 
scope offers one distinct advantage over many other 
testing tools. You can watch the component’s activity 
over time. For example, all antilock-based systems 
rely on the cycling of solenoid valves. Figure 51–29 
is a waveform of a solenoid valve showing the sole-
noid’s activity immediately after the brake pedal was 
depressed hard. When looking at the solenoid on the 
lab scope you should see a change in the waveform as 
soon as ABS operation begins. When a wheel tries to 
slip, the ABS control module should begin pulsing the 
solenoid to that wheel.

A critical input to the antilock brake, traction con-
trol, and stability control systems is from the wheel 
sensors. These too can be monitored on a lab scope 
(Figure 51–30). As the wheel begins to spin, the wave-
form of the sensor’s output should begin to oscillate 
above and below zero volts. The oscillations should get 
taller as speed increases. If the wheel’s speed is kept 
constant, the waveform should also stay constant.

Component Replacement
A typical antilock braking system consists of a conven-
tional hydraulic brake system (the base system) plus a 
number of antilock components. The base brake sys-
tem consists of a vacuum power booster, master cyl-
inder, front disc brakes, rear drum or disc brakes, 

Figure 51–28 A hand-held antilock brake system 
scan tool. Courtesy of SPX Service Solutions

STEP 7 Bleed the high-pressure fluid from the mainte-
nance bleeder, then run through steps 3 and 6 
with the tester. Repeat this procedure three or four 
times.

STEP 8 Repeat steps 5 and 6. If the solenoid leakage has 
stopped, reinstall the modulator reservoir filter 
and refill the reservoir to the max level. If one of 
the solenoids is leaking, the entire hydraulic mod-
ulator may require replacement. In some cases it 
is possible to remove, inspect, and replace indi-
vidual solenoids.

Solenoid Leak Test

PROCEDURE
Checking for Solenoid Leaks in the 
Hydraulic Modulator
STEP 1 Disconnect the inspection connector from the 

connector cover and connect the inspection con-
nector to the tester.

STEP 2 Remove the modulator reservoir filter, then fill the 
reservoir to the max level with fresh fluid.

STEP 3 Bleed the high-pressure fluid from the mainte-
nance bleeder connection. Often this procedure 
requires the use of a special tool.

STEP 4 Start the engine and release the parking brake.
STEP 5 Set the tester to the proper mode and press the 

start-test button.
STEP 6 While the ABS pump is running, place your finger 

over the top of the solenoid return tube in the 
modulator reservoir. If you can feel brake fluid 
coming from the return tube, one of the solenoids 
is leaking. Go to step 7. If you cannot feel brake 
fluid coming from the return tube, the solenoids 
are OK. Reinstall the modular reservoir filter and 
refill the reservoir to the max level.
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interconnecting hydraulic tubing and hoses, a low 
fluid sensor, and a red brake system warning light.

Antilock components are added to this base 
system to provide antilocking braking ability. Most 
ABSs use the same operational principles, but the 
major components may be configured and/or 
named differently.

The electrical components of the ABS are gen-
erally very stable. Common electrical system fail-
ures are usually caused by poor or broken 
connections. Other common faults can be caused 
by malfunction of the wheel-speed sensors, pump 
and motor assembly, or the hydraulic module 
assembly.

Freq = 41.6 Hz
Duty = 16.4%

Logged during 
panic stop on
loose gravel

Brake pedal depressed 
forcefully here

CH1
    5 V/div dc

50 ms/div

20V

10V

0V

–10V

VEHICLE INFORMATIONABS Valve During Panic Stop

ABS control unit 
pulses power and 
ground to ABS 
valve to prevent 
wheel lockup

Test_PT: ABS Valve During Panic 
Stop
COMMENT: Under full brake pressure in  
 loose gravel
YEAR: 1989
MAKE: Acura
MODEL: Legend
ENGINE: 2.7L
FUELSYS:  Multiport Fuel Injection
VIN: JH4KA4661KC0XXXXX 
PCM_PIN: ABS pin 6 YelBlu COM on  
 ABS pin 16 RedBlu
STATUS: KOBD (Key on Driven) 
RPM: Decel 
ENG_TMP: Operating Temp.
VACUUM: 23 in Hg
ENG_FAM: KHN27V5FYF2
EVAPSYS: 89FJ Left front ABS valve

Figure 51–29 The waveform of a solenoid valve before and after the pedal was 
depressed hard and quickly. Courtesy of Progressive Diagnostics—WaveFile AutoPro

TEST_PT: Wheel-Speed Sensor
COMMENT: Logged while driving 20 MPH

YEAR: 1989
MAKE: Acura
MODEL: Legend
ENGINE: 2.7L
FUELSYS:  Multiport fuel injection
VIN: JH4KA4661KC0XXXXX 
PCM_PIN: Pos GmBlu pin 13
 Neg Brn pin 18
STATUS: KOBD (Key on Driven) 
RPM: 1200 
ENG_TMP: Operating Temp.
VACUUM: 18 in Hg
ENG_FAM: KHN27V5FYF2
EVAPSYS: 89FJ 
MILEAGE: 69050 

VEHICLE INFORMATIONABS Wheel-Speed Sensor

FREQ=416 Hz
P-P= 3.00V

ABS Wheel-speed sensor
logged while driving 20 MPH

Amplitude and frequency 
increase with wheel speed

CH1
1 V/div ac
10 ms/div

Figure 51–30 The waveform from a wheel-speed sensor. Courtesy of Progressive 
Diagnostics—WaveFile AutoPro
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Many of the components of ABSs are serviced by 
replacement only. On some systems, wheel-speed 
sensors must be adjusted. Normal brake repairs, such 
as replacing brake pads, caliper replacement, rotor 
machining or replacement, brake hose replacement, 
master cylinder or power booster replacement, or 
parking brake repair, can all be performed as usual. In 
other words, brake service on an ABS-equipped vehi-
cle is similar to service on a conventional system with 
a few exceptions.

Always refer to the service manual for the correct 
adjustment and replacements procedures for any 
and all brake parts in an ABS.

Wheel-Speed Sensor Service
Visually inspect each wheel-speed sensor pulsers for 
chipped or damaged teeth. Use a feeler gauge to 
measure the air gap between the sensor and rotor 
(Figure 51–31). Check the gap while rotating the 
drive shaft, wheel, or rear hub unit by hand. If there is 
a specification on this gap, make certain the gap is 
within the required specification (typically 0.02 to 
0.04 inch or 0.4 mm to 1.0 mm). If the gap exceeds 
specifications, the problem is likely a distorted 
knuckle that should be replaced. 

Also check for a buildup of metal and rust on the 
sensor. Some sensors have a very strong magnet that 
will attract metal from all around the area. This 
buildup can cause the sensor to have inaccurate read-
ings. If the collected material cannot be cleaned, 
replace the sensor.

Sensors are replaced by simply disconnecting 
the wiring at the sensor and unbolting the fasteners. 
Be careful not to twist the wiring cables or harness 
when installing the sensors. Many vehicles have a 

jumper harness made of highly flexible twisted pair 
wiring between each wheel-speed sensor and the 
main wiring harness. Wheel-speed sensors are PM 
generators that have AC voltage outputs. Radio sig-
nals are also AC-modulated signals; therefore, the 
signal produced by PM generators can be affected 
by radio frequency interference (RFI). The wires to 
and from a PM generator must be shielded from 
other wires in the vehicle that radiate electromag-
netic interference (EMI). Because the suspension 
must be able to move as the vehicle travels, the elec-
trical wiring to the wheel-speed sensors cannot be 
shielded in conduit. Instead the wires are twisted at 
least one turn for every 1.75 inches. These are not 
serviceable and must be replaced if they are dam-
aged or corroded. Never attempt to solder, splice, or 
crimp these harnesses because eventual failure will 
likely result. 

Brake System Bleeding This is one service area that 
is most likely to vary with the different designs of the 
ABS. Always refer to the service manual before 
attempting to bleed the brake system on a vehicle 
with ABS.

Some systems require that the accumulator be 
depressurized and the power source to the ABS con-
trol module be disconnected. After these have been 
done, the system can be bled like a conventional 
brake system. On other systems, the bleeder screws 
are opened while the system is turned on, and they 
have one procedure for the front brakes and another 
for the rear brakes.

Failure to follow the correct procedure can result 
in personal injury, destruction of ABS components, 
or the trapping of more air in the system.

TESTING TRACTION AND 
STABILITY CONTROL SYSTEMS
When troubleshooting a traction or stability control 
system, it is important to remember that the systems 
will be automatically disabled by the control unit if a 
fault occurs. Because TCS and ESC are combined 
with ABS and share many input signals and output 
functions, TCS and ESC will be disabled if an ABS fault 
occurs.

Traction and stability control systems add very 
few, if any, extra components to a vehicle. The opera-
tion of these systems is principally based on altering 
the control programs of the brake and engine control 
systems. It follows then that TCS and ESC testing 
should be based on retrieving DTCs and then testing 
individual components. Scan tools can read trouble 
codes and operating system data. The scan tool will 
also identify any communications errors that may be 

Wheel speed
    sensor

Toner ring

Toner ring

Sensor

0.4 to 1.0 mm
(0.02 to 0.04")

Figure 51–31 Wheel sensor gap measurement.
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present. Proper communications is important for 
both traction and stability control systems. As with 
other electronic tests, you should refer to the manu-
facturer’s troubleshooting procedures for the vehicle 
you are servicing.

NEW TRENDS
The widespread use of ABS has allowed engineers to 
pursue many different features for an automobile. 
Not only have ABS, traction control, and stability con-
trol systems advanced, but the entire brake system is 
in a state of evolution.

Electric Calipers
A recent development is the use of electrically oper-
ated calipers (Figure 51–32). Doing this eliminates 
the need to run hydraulic lines to the wheels and pro-
vides better brake control. This system is computer 
controlled and can evenly distribute braking power at 
the four wheels. At the rear wheels, this system can 
also be used as the parking brake, thereby eliminating 
the need to have cables at the rear wheels.

Brake-by-Wire
In a brake-by-wire system, the braking command of 
the brake pedal is electronically processed. A control 
module receives sensor input from the brake pedal 
and activates the master cylinder (Figure 51–33). For 
safety purposes, the normal linkage from the pedal to 
the master cylinder may still exist. The advantage of 
brake-by-wire is simply that the pressure on the pedal 
can be immediately and directly relayed to the master 
cylinder and wheel brakes. In a true brake-by-wire 
system, the hydraulic system has been totally elimi-
nated; these systems are currently being analyzed.

Electronic Wedge Brake (EWB)
Much development is being done with electronic 
wedge brakes (Figure 51–34). This system is totally 

electrically operated and electronically controlled. 
There is no hydraulic system. This development 
opens the door for brake-by-wire systems. One of the 
obstacles to brake-by-wire systems has been provid-
ing enough clamping power on the rotor to safely stop 
the vehicle. The electronic wedge brake uses metal 
wedges with a series of interlocking triangular teeth 
between the caliper and the disc.

The wedges are designed to react to the speed of 
the wheels; as speed increases, so does the clamping 
pressure of the brakes. When the pad is pushed against 
the rotor, the momentum of the rotating disc draws 
the pads farther up the interlocking series of wedges, 
applying greater braking pressure and increasing 
braking efficiency. This allows for the use of a low-
power 12-volt electric motor to initially push the brake 
pad toward the rotor. The motor turns roller screws 
that press the wedge and pads against the rotor.

Figure 51–32 An electric brake caliper. Courtesy of 
the Delphi Corporation

Figure 51–33 The layout for a brake-by-wire 
system. Courtesy of BWW of North America, LLC
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Rotating threaded 
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Figure 51–34 The layout of an electronic wedge 
brake. The brake caliper (1) spans the brake disc (2) on two 
sides. The brake disc is braked by a pad (3) that is moved by 
an electric motor (4) via several rollers (5) along wedge-
shaped faces.
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The system relies on the vehicle’s battery for 
power but also has a built-in backup battery. This is 
important because one of the fears of brake-by-
wire systems is the loss of power. Because the sys-
tem uses a low-power motor, a small backup battery 
can power the brakes if needed. Also, as a safety 
feature, each wheel brake in the system is indepen-
dent of the others. This means if one brake fails, 
there are three others that can be used to stop the 
vehicle. The system can also quickly retract the 
pads when the brake pedal is released; this reduces 
brake drag and allows for ABS cycling to occur up 
to six times faster.

It is claimed that EWB systems greatly shorten 
stopping distances, require much less energy than 
hydraulic brakes, allow for much better control in 
ATC and ESC systems, are light, and are more reliable 
and durable than hydraulic brake systems.

Several suppliers, such as Siemens VDO, Conti-
nental AG, Robert Bosch LLC, Delphi Corporation, 
and TRW Automotive, also are working on electrome-
chanical brake programs.

Wet Brakes
Some vehicles are equipped with rain-sense wind-
shield wipers. These systems have been modified by a 
few manufacturers (notably BMW) to include removal 
of water from the brake rotors. When the windshield 
rain sensor sends a signal to the ABS, the brakes are 
lightly applied to wipe water off the discs and pads.

Hold Feature
Some vehicles with manual transmissions have a 
brake hold feature. The purpose of this system is to 
apply the brakes while the vehicle is stopped on a hill. 
This prevents the vehicle from rolling. To enable the 
system, a driver presses a button while the brakes are 
applied. This locks the brakes until the throttle pedal 
is depressed.

A customer brought in a late-model General 
Motors vehicle because her brake warning 
light came on and stayed on. Her expressed 
concern was she paid extra for ABS and is 
sure the system is not working, which is why 
the light is on. It seems she read her in the 
owner’s manual that when the ABS light 
remains on, there is a problem with the sys-
tem and the ABS is inoperative.

CASE STUDY

 The technician verified the complaint and 
found the red brake warning lamp to be lit at 
all times. He then referred to the test proce-
dures for that ABS. After the preliminary tests 
were completed, he used a scan tool to 
retrieve any trouble codes from the system. 
No DTCs were found and the brake warning 
light remained on.
 Confused and frustrated, the technician 
sought help from a fellow certified technician. 
He summarized the problem and the tests he 
conducted. The certified technician went over 
to the car to see what he could find and imme-
diately identified the problem. The red warn-
ing light was on, not the amber one. The 
amber lamp will light when there is an ABS 
problem. It will also indicate that the ABS is 
inoperative. The red light, however, will light 
when there is a problem of low brake fluid, a 
closed parking brake switch, or if there is a 
hydraulic problem in the base brake system.
 Through a basic inspection, the technician 
found the brake fluid level to be low. Once the 
fluid level was corrected, the light went out. It 
seems the technician was sidetracked by the 
customer’s concern over the light and her 
desire to have ABS. The moral of the story is 
simply to make sure you understand the func-
tion of all warning lights before you jump to 
any conclusions.

KEY TERMS

Automatic traction 
control (ATC)

Electronic stability 
control (ESC)

Four-channel system
Integral antilock brake 

system
Isolation/dump valves

Nonintegral antilock 
brake system

One-channel system
Pressure modulation
Three-channel system
Two-channel system
Yaw

SUMMARY

■ Brake fluid is the lifeblood of any hydraulic brake 
system. DOT 3 is recommended for most anti-
lock brake systems and some power brake 
systems.

11491_51_ch51_p1506-1534.indd   153211491_51_ch51_p1506-1534.indd   1532 11/27/08   6:41:32 PM11/27/08   6:41:32 PM

Copyright 2009 Cengage Learning, Inc. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part.



 C H A P T E R  5 1  •  A n t i l o c k  B r a k e ,  Tr a c t i o n  C o n t r o l ,  a n d  S t a b i l i t y  C o n t r o l  S y s t e m s  1533

■ Modern antilock brake systems provide electronic/
 hydraulic pumping of the brakes for straight-line 
stopping under panic conditions.

■ In addition to being classified as integral and non-
integral, antilock brake systems can be divided 
into the level of control they provide. They can be 
one-, two-, three-, or four-channel, two- or four-
wheel systems.

■ Pressure modulation works to prevent wheel lock-
ing. Antilock brake systems can modulate the 
pressure to the brakes as often as fifteen times per 
second.

■ Integrated antilock brake systems combine the 
master cylinder, hydraulic booster, and hydraulic 
circuitry into a single assembly. The great majority 
of antilock brake systems are of this type.

■ On a nonintegrated ABS, the master cylinder and 
hydraulic valve unit are separate assemblies and a 
vacuum boost is used. In some nonintegrated sys-
tems, the master cylinder supplies brake fluid to 
the hydraulic unit.

■ Automatic traction control (ATC) is a system that 
applies the brakes when a drive wheel attempts to 
spin and loses traction.

■ Automatic stability systems correct oversteer and 
understeer by applying one wheel brake.

■ Malfunction of the ABS causes the electronic con-
trol module to shut off or inhibit the system. How-
ever, normal power-assisted braking remains. 
Malfunctions are indicated by one or two warning 
lights inside the vehicle.

■ Loss of hydraulic fluid or power booster pressure 
disables the antilock brake system.

REVIEW QUESTIONS

 1. What is the primary difference between an auto-
matic traction control system and a stability con-
trol system?

 2. Briefly describe the proper steps and testing 
needed to accurately diagnose antilock braking 
systems.

 3. An ABS modulates brake pressure. What does 
this mean?

 4. Explain the difference between oversteer and 
understeer.

 5. List the various methods used by traction control 
systems to eliminate wheel spin.

 6. Besides indicating ABS faults for some systems, 
the red brake warning lamp on the instrument 

panel can indicate failure of the  brake 
system, application of the  brake, or low 
fluid level in the .

 7. What are the functions of an isolation/dump 
valve?

 8. Describe the normal pedal feel when the ABS is 
activated during hard braking.

 9. Which of the following is a true statement?

a. In some antilock brake systems, the power 
brake assist is provided by pressurized 
brake fluid supplied by the hydraulic 
accumulator.

b. The accumulator is a small, sealed chamber 
mounted to the pump/motor assembly.

c. The accumulator holds a highly pressurized 
nitrogen gas that is used to generate a charg-
ing pressure.

d. All of the statements are true.

 10. What is the name for the gas-filled pressure 
chamber that is part of the antilock braking sys-
tem’s pump and motor assembly?

a. control module

b. accumulator

c. sensor

d. reservoir

 11. What four things should be checked before 
replacing the computer in an ABS?

 12. When inspecting wheel-speed sensors, check 
for all of the following except .

a. buildup of metal or rust on the sensor

b. proper contact between the pole piece and 
tone ring

c. secure sensor mounting

d. condition of the tone ring teeth

 13. Define the difference between an integrated and 
a nonintegrated antilock braking system.

 14. What is the basic difference between a Delco ABS 
VI and other typical systems?

 15. Why are the wires leading to some wheel-speed 
sensors twisted?

ASE-STYLE
REVIEW QUESTIONS

 1. Technician A says that a malfunction of the ABS 
causes the control module to shut off or inhibit 
the system. Technician B says that a loss of 
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hydraulic fluid or power booster pressure dis-
ables the antilock brake system. Who is correct?

a. Technician A c. Both A and B

b Technician B d. Neither A nor B

 2. While road testing a car equipped with an ABS:
Technician A says that during heavy braking, 
several pulses may be felt through the brake 
pedal. Technician B says that a spongy pedal dur-
ing normal braking is normal. Who is correct?

a. Technician A c. Both A and B

b Technician B d. Neither A nor B

 3. Technician A says that the accumulator in an 
ABS is used to store hydraulic fluid to provide 
residual pressure for power-assist braking. Tech-
nician B says that the booster pump in an anti-
lock system provides pressurized hydraulic fluid 
for the ABS. Who is correct?

a. Technician A c. Both A and B

b Technician B d. Neither A nor B

 4. Technician A says that it is normal for the amber 
brake lamp to light when the ABS is activated dur-
ing braking. Technician B says that it is normal for 
the red brake lamp to be on whenever the ignition 
is on and the engine is off. Who is correct?

a. Technician A c. Both A and B

b Technician B d. Neither A nor B

 5. Technician A says that some antilock brake sys-
tems use a lateral acceleration sensor in addition 
to the wheel-speed sensors. Technician B says 
that traction control systems apply one wheel 
brake to get the vehicle going in the direction in 
which it is being steered. Who is correct?

a. Technician A c. Both A and B

b Technician B d. Neither A nor B

 6. Technician A says that wheel-speed sensors send 
an AC voltage signal to the control module. Tech-
nician B says that wheel speed signals create an 

AC signal voltage by altering a reference voltage 
received from the control module. Who is 
correct?

a. Technician A c. Both A and B

b Technician B d. Neither A nor B

 7. Technician A says that an ABS problem can cause 
the electronic control module to shut off or 
inhibit the system. Technician B says that a loss 
of hydraulic fluid or power booster pressure will 
disable the antilock brake system. Who is 
correct?

a. Technician A c. Both A and B

b Technician B d. Neither A nor B

 8. Technician A says that each ABS has its own diag-
nostic procedure involving use of the brake and 
antilock warning lamps, special testers, breakout 
boxes, scan tools, troubleshooting charts, and 
wiring diagrams. Technician B says that ABSs 
vary in the number of codes they can store and 
whether they will retain the code in memory 
when the ignition is turned off. Who is correct?

a. Technician A c. Both A and B

b Technician B d. Neither A nor B

 9. When removing a vehicle’s ABS electronic con-
trol module: Technician A relieves hydraulic 
pressure in the system. Technician B disconnects 
the battery ground cable. Who is correct?

a. Technician A c. Both A and B

b Technician B d. Neither A nor B

 10. Technician A says that some traction control sys-
tems eliminate wheel spin by applying the brakes 
on the driving wheels. Technician B says that 
some traction control systems eliminate wheel 
spin by retarding ignition timing and cutting off 
fuel injection. Who is correct?

a. Technician A c. Both A and B

b Technician B d. Neither A nor B
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