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INTRODUCTION TO BRAKE SYSTEMS

Everybody knows that when you press your foot on the brake pedal the vehicle is supposed to stop,
but how does the pressure from your foot get to the wheels with enough force to stop a heavy
vehicle?

In the following sections, we are going to study the systems and components required to cause
brakes to work effectively.

Course Objectives

Upon completion of this course, technicians should understand and be able to apply their knowledge
of:

Brake functions and components
Split hydraulic systems

Master cylinder operations
Balance control systems

Power brake booster systems
Disc brake operation

Micrometer reading

Drum brake operation

Brake fluids

Brake bleeding operations

Brake lines and hoses

Wheel bearing service

Antilock brakes and traction control systems
Basic diagnosis



I. BRAKE SYSTEM FUNDAMENTALS

Automotive brakes are designed to slow and stop a vehicle by transforming kinetic energy (motion
energy) into heat energy. As the brake linings contact the drums/rotors they create friction which
produces the heat energy. The intensity of the heat is proportional to the vehicle speed, the weight of
the vehicle, and the quickness of the stop. Faster speeds, heavier vehicles, and quicker stops equal
more heat.

Principles of Friction

Friction is the resistance to movement that results from two objects moving or rubbing against each
other. There are two types of friction: kinetic and static.

Kinetic friction occurs between two objects, one of which is moving. Kinetic friction always
produces heat. The more kinetic friction produced, the more heat produced. Automotive braking
systems use kinetic friction to convert the energy of a moving vehicle into heat.

Static friction occurs between two objects that are stationary. Automotive braking systems use
static friction to hold a vehicle while it is parked. Static friction produces no heat.

Various factors affect the amount of friction produced between two objects. The rougher the surfaces
of two objects, the more friction they produce. Extremely rough surfaces create the most friction, but
rough surfaces also wear down quickly. Therefore, automotive brakes use relatively smooth surfaces
to avoid rapid wear. In order to compensate for their smooth surfaces, automotive brakes are applied
with a great amount of pressure over a relatively large contact area.

The greater the pressure bringing the objects together, the more friction they produce. Therefore, the
greater the pressure applied to the brakes, with all other factors equal, the greater their stopping
power.

The greater the amount of shared contact area between two objects, the greater the amount of
friction the objects produce. Automotive braking systems use the largest contact area possible. The
greater the contact area of a brake shoe or pad, the less heat the shoe or pad generates. Less heat
allows for more friction, which makes the brakes more efficient.

The greater the contact area of a brake shoe or pad, the less heat the shoe or pad generates
per square inch.



Note: On drum brake systems, a brake shoe is applied to a brake drum to create friction. On disc
brake systems, a brake pad is applied to a disc to create friction.

The hotter the friction surface of two objects, the less friction produced. (Rub your hands together
and feel the heat!)

All heat that the brake system creates must dissipate as rapidly as it is created. The brake system
can store little or no heat. Brake friction surfaces are made of a material that can conduct heat
easily. Braking system components that produce friction (brake shoes or brake pads) are positioned
so that air cools them. In some braking systems, forced air cools the components.

The amount of friction that two objects produce when rubbing against each other is called
the coefficient of friction.



Heat and Brake Linings

An important brake friction surface is the brake lining that is mounted on either a brake shoe or
brake pad. The brake lining produces friction by directly contacting another friction surface, either a
brake drum or disc. The brake lining and the material that it touches must have the following special
characteristics.

The brake drum or disc must conduct heat easily, hold its shape under extremely high heat,
withstand rapid temperature changes, resist warping and distortion, and wear well in general.
Therefore, brake drums and discs are typically constructed of iron or steel combined with aluminum.

The brake lining must be somewhat softer than the brake drum or disc. At present, most brake
linings are made of organic materials, metallic particles, and other minerals held together by a
bonding agent.

Note: For years, asbestos was commonly used in brake linings. Because asbestos is a cancer-
causing substance, federal law prohibits its use in brake systems.

When the brake lining is applied to a drum or disc, it is important that the proper coefficient of friction
is produced in order to ensure that the brakes are effective.

e If the friction coefficient is too great, the brakes may be "grabby" or overly sensitive. Overly
sensitive brakes may cause the vehicle to skid too easily.

e If the friction coefficient is too low, brake application requires excessive pressure. Applying
the brakes with excessive pressure creates excessive heat that could result in brake failure.

Note: Heat always reduces the coefficient of friction between two objects. Hence, high temperatures
may cause brakes to fail. The loss of brake effectiveness due to heat created during prolonged hard
braking is called brake fade.

e If the brakes create more heat than they can dissipate, the friction coefficient reduces, which
causes the brakes to fade.

e Excessive heat also causes bonding agents in the lining to melt and flow to the surface,
which produces a glaze on the shoe lining. This glaze reduces the brake's friction coefficient
and causes more brake fading. Brake application then requires more pressure, thus creating
more heat and more glazing.
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The amount of friction that two objects produce when rubbing against each other is called
the coefficient of friction.



Weight and Speed
Vehicle weight

The more weight a moving vehicle has, the more kinetic energy it possesses. Brake systems must
convert kinetic energy into heat; therefore, any increase in vehicle weight puts more demand on the
brakes.

If a vehicle's weight doubles, the amount of kinetic energy that the brakes must convert into heat
doubles. The amount of heat energy resulting from the conversion also doubles. Brakes on an
overloaded vehicle may therefore become ineffective due to overheating.

Vehicle speed

When the speed of a vehicle doubles, the brakes must convert four times the amount of kinetic
energy into heat. Speed greatly increases the demand on a vehicle's brakes.

A combination of high speed and excessive weight may push a vehicle's brakes beyond their
performance limit, resulting in a serious loss of stopping power.



Friction Between Tire and Road

The point where a vehicle's tire contacts the road is called the tire footprint. Changes in the tire
footprint affect a vehicle's ability to stop. Below is a discussion of the factors affecting the tire
footprint.

The larger a tire's diameter is, the larger its footprint is. The larger the tire footprint is, the more
stopping power can be applied at the tire's contact point with the road. However, it is important to
realize that the greater a tire's diameter is, the more braking power is needed to stop the vehicle.

Note: A general rule is that the larger a tire's diameter is, the more braking power is required.

The greater the width of a tire is, the larger the tire footprint is. The larger the tire footprint is, the
more stopping power can be applied at the tire's contact point with the road. However, it is important
to realize that the greater a tire's width is, the more braking power is needed to stop the vehicle.

Note: A general rule is that wide tires require large brakes.

Excessive vehicle weight can distort tire tread and thereby reduce the tire's hold on the road. Tires
that cannot hold the road reduce the vehicle's ability to stop.

High vehicle speed can aerodynamically lift a vehicle as it moves. This lifting reduces the tire's hold
on the road and reduces the vehicle's ability to stop.

Note: Aerodynamic lift merely adds to the stopping problems that high speed creates. Remember
that every time a vehicle's speed doubles, the vehicle's required stopping power quadruples, even if
there is no aerodynamic lift.

Note: To control the vehicle, friction must occur at the tire footprint. If this friction is lost, the vehicle
is out of control.

Tires grip the road more securely and can stop better if the wheels are moving. Therefore, the
stopping power decreases if the brakes lock up the wheels. Automotive engineers carefully avoid
designing brake systems that are too powerful for the cars in which they are installed. If a brake
system locks up the wheels too easily, this significantly reduces stopping power and vehicle control.



Service Brakes & Parking Brakes

Automotive brake systems fall into two major categories: service brakes (hydraulic brakes)
and parking brakes.

Service brakes stop the vehicle when it is in motion.

A parking brake holds the vehicle while it is parked. A parking brake is not designed to stop a
moving vehicle.

Note: Parking brakes often use the same friction surfaces as service brakes.
Base Brake Components

Base brake components are the parts of the brake system found on all vehicles. The term "base
brakes" does not include antilock brakes or traction control systems.

Base brake components include:

Brake pedal and linkage

Power brake boost system

Master cylinder, hoses and pipes

Brake rotors and pads

Brake drums and shoes

Brake balance controls (proportioning valve and metering valve), if equipped
Red brake warning and other warning systems

Parking brake pedal and linkage
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Brake Subsystems
Automotive brake systems can be broken down into several different sub-systems:

Apply system

Boost system
Hydraulic system
Wheel brakes

Balance control system
Warning system
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Hydraulic Principles

An important principle of hydraulics is Pascal's law of hydraulics. Blaise Pascal was a French
philosopher, mathematician, and scientist. Pascal's law of hydraulics states that when pressure is
applied to a fluid in an enclosed space, the fluid exerts the same pressure equally in all directions.

If two cylinders are filled with liquid and connected by a tube, pressure from one cylinder transfers to
the other.

Fluids are virtually incompressible.

When put under pressure, fluid does not compress or produce any measurable friction. Pressure
does not diminish when transferred through fluid.

A second hydraulic principle states that a relationship exists between:

e Force and piston area
e Piston travel and piston area

From the first principle, if a master cylinder generates 500 psi, it also transfers 500 psi to the pistons
in each wheel cylinder (remember that fluid pressure remains constant).

In the second principle, when pressure from a one-square-inch master cylinder piston exerts 500 psi
on a wheel cylinder piston, which also has one-square-inch surface area, the wheel cylinder piston
transfers 500 pounds of force to the brake shoe (500 psi x 1 in. sq. = 500 Ibs.)

However, if the same one-square-inch master cylinder piston exerts 500 psi on a wheel cylinder
piston that has a two-square-inch area, the wheel cylinder piston will transfer 1,000 pounds of force
to the brake lining (500 psi x 2 in. sq. = 1,000 Ibs.)

Additionally, different piston sizes not only affect the amount of brake force applied, they also
determine the travel distance of the different pistons. For instance, if the one-square-inch master
cylinder piston moves one inch, a one-square-inch wheel cylinder piston will also move one inch
(with the same force).

If that same one-square-inch master cylinder piston moves one inch, then a two-square-inch wheel
cylinder piston (twice the size) will move just one-half inch (half the distance) but with twice the force.

The diagrams on the next page demonstrate the relationship between piston travel and piston
area.
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Split Hydraulic Systems

Brakes are generally applied through force transmitted via a hydraulic system. The master cylinder
converts brake pedal movement into hydraulic pressure to operate the brakes.

A partial loss of brake pressure makes it difficult or even impossible to apply the brakes. Therefore,
federal law requires that all vehicles have two separate and independent hydraulic systems. In this
way, the failure of one system will not result in a complete brake loss even though braking will still be
severely reduced.

The two split systems used almost exclusively are:

e Diagonally split — used on most front wheel drive vehicles
e Front/rear split — used on most rear wheel drive vehicles

Diagonal Split Hydraulic System

In a diagonal split hydraulic system, the left-front and right-rear brakes (LF/RR) are connected to
one channel of the master cylinder while the right-front and left-rear brakes (RF/LR) are connected
to the other channel of the master cylinder. This system is typically installed on front wheel drive
vehicles because they have a front-heavy weight distribution and approximately 70% of the braking
occurs at the front brakes. As such, if one part of a diagonal system failed, the overall braking would
only be reduced to 50% rather than to 30% if both front brakes were lost. Diagonally-split systems
also use proportioning valves either in the master cylinder circuits or in the rear brake lines to
maintain the proper front to rear pressure balance. Proportioning valves will be covered in a later
section.

RF/LR RR/LF




Front/Rear Split Hydraulic System

In a front/rear split hydraulic system, both front wheel brakes work together on one system
(channel) while both rear wheel brakes work together on a separate system.

Master Cylinder

Combination Valv



Regenerative Braking

Hybrid vehicles use the kinetic energy of the vehicle in motion to generate electricity. The electric
motor(s) that are used to power the vehicle become electrical generators when the vehicle is
decelerating.

When the driver pushes the brake pedal, a signal is sent to the onboard computer(s), but instead of
applying the hydraulic brakes, the electric motor(s) are used to slow the vehicle. The wheels of the

vehicle drive the electric motors, which generate electrical current that is sent to the hybrid storage

battery and stored for later use to power the vehicle.

In emergencies or high-speed stops, the vehicle's hydraulic brakes are used to slow the vehicle.
The components of the regenerative braking system include the onboard computer(s) used to

control the hybrid and brake systems, the hybrid electrical motor(s), the hybrid electrical circuits, and
the hybrid storage battery.



[I. MASTER CYLINDER

The function of a master cylinder is to convert mechanical force from the brake pedal, power
booster and push rod into hydraulic pressure. Hydraulic pressure in this case is created by applying
mechanical force to brake fluid.

Master cylinders contain pistons, piston seals, return springs and internal brake fluid ports. They also
have a fluid reservoir that may either be an integral part of the unit or remotely mounted. The
reservoir itself will have a removable cap with a rubber diaphragm seal that must be in good
condition to seal properly. In addition, most reservoirs also have a low brake fluid level switch to alert
the driver of a low fluid condition.

The Master Cylinder in Action

As you can see in the figure below, there are two pistons (primary and secondary) and two springs
inside the master cylinder. When the brake pedal is pressed, a push rod moves the primary piston
forward which begins to build pressure in the primary chamber and lines. As the brake pedal is
depressed further, the pressure continues to increase. Fluid pressure between the primary and
secondary piston then forces the secondary piston forward and pressurizes the fluid in the
secondary circuit. If the brakes are operating properly, the pressure will be the same in both circuits.

Primary
Reservoir
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Secondary
Reservoir
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Brake Circuit Leak

If there is a leak in one of the brake circuits, that circuit will not be able to maintain pressure. The
figure below shows what happens when one of the circuits develops a leak. In this example, the leak
is in the primary circuit and the pressure between the primary and secondary pistons is lost. This
pressure loss causes the primary piston to mechanically contact the secondary piston and the
master cylinder now behaves as if it has only one piston. The secondary circuit will continue to
function correctly, however the driver will have to press the pedal further to activate it. In addition,
since only two wheels now have pressure, the braking power will be reduced.

Secondary Primary
Reservoir Reservoir

Brakes

{

The following are basic leak type indications:

e External leaks - brake fluid can usually be seen running down the face of the power booster.
¢ Internal leaks - the brake pedal will usually fall away when foot pressure is applied.

Refer to specific vehicle information for leak diagnostics and servicing procedures.



Compensating Ports

Compensating ports are small holes that are located between the master cylinder reservoir and the
front side, or pressure side, of the master cylinder pistons. When the master cylinder pistons are in
the at-rest position (no braking), the piston seals uncover the compensating ports and open the
passages between the reservoir and the wheel brake channel. The purpose of compensating ports is
to allow for the normal expansion and contraction of brake fluid due to changes in temperature. They
also assist in fluid return after brake release, which will be covered as part of the bypass port
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section.

Note: When the brakes are released, the piston seals on both the primary and secondary pistons
are located between the compensating port and the bypass port.

During braking, the piston seals close the compensating port passages to the reservoir, which
prevents high pressure fluid from entering the reservaoir.



Bypass Ports

The bypass ports, like the compensating ports, are passages that are open between the reservoir
and the master cylinder chambers. However, the bypass ports are open to the low-pressure or back
side of the pistons. The function of the bypass ports is to allow the master cylinder pistons to return

to the at-rest position rapidly.
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Brake Release
During brake release, the following occurs:

e Strong springs in the master cylinder force the pistons back to the at-rest position faster than
the brake fluid can return through the hydraulic channels. The pistons must return rapidly so
they can be ready for another forward stroke, if necessary. This rapid piston return
movement could create a vacuum in the master cylinder high pressure chambers, which
would delay brake release.

e The bypass ports allow brake fluid from the reservoir to fill the low-pressure piston chambers.

e Brake fluid from the low pressure chambers then passes through holes in the pistons and
bypasses the piston lip seals. The pistons can then return without any "dragging".

Since this "return action" causes additional fluid to be moved to the front of the piston, it results in an
excess amount of fluid being present there, as even more fluid returns from the calipers and wheel
cylinders. This excess fluid is easily returned to the reservoir through the now-open compensating
ports.

Note: "Piston dragging" can also occur if the seals are installed backward.
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Residual Check Valve (drum brakes only)

On drum brake systems, residual check valves are also included in the master cylinder. Residual
valves are located in the ports where the brake lines connect to the master cylinder. Their purpose is
to maintain a small amount of residual pressure in the brake lines and wheel cylinders. That
pressure is then used to hold the wheel cylinder cups tightly against the cylinder and prevent air from
being pulled past the cylinder cups as the brakes are released. Residual valves are not used on disc
brakes, as they would cause the disc brake pads to drag upon release.



Balance Control Systems

Many late model vehicles are equipped with front disc brakes and rear drum brakes and are
generally heavier in the front than in the rear. As a result, different pressures are sometimes required
between the front and rear to ensure even braking. These are some of the items to be aware of
concerning this "braking differential":

e Disc brakes can apply at lower pressures than drum brakes.

e Metering valves are used to prevent the front disc brakes from applying before the rear drum
brakes.

e During heavy brake application, the rear brakes can lock up, resulting in a skid and loss of
vehicle control if the same hydraulic pressure is simultaneously applied to both the front disc
and rear drum brakes.

e Proportioning valve(s) are used to prevent rear brake lockup by limiting hydraulic pressure to
the rear brakes during heavy braking.

e« The metering valve and the proportioning valve are often housed in a single unit, called a
combination valve, in many rear-wheel-drive vehicles equipped with front disc and rear drum
brakes.

e Most vehicles are equipped with some form of pressure differential valve and switch which
will activate a dashboard warning light if pressure is lost in either of the hydraulic channels.
This switch is typically located in a combination valve or on the master cylinder.

Now let's take a closer look at the operation of metering valves, proportioning valves, and pressure
differential switches.



Metering Valve

As a result of their design, rear drum brake shoes must move a greater distance to apply as
compared to disc brake pads. If the same pressure were applied to both the front disc and rear drum
brakes at the same time, the front discs would "catch" much sooner than the rears and cause the
vehicle to be thrown forward. Metering valves are therefore used to compensate for this condition
by blocking fluid pressure to the front disc brakes until the rear shoes have had time to make contact
with the drums.

As the brakes are first applied, fluid pressure rises above a calibrated value (approximately 25 psi)
which closes the metering valve stem and blocks the fluid pressure from reaching the front disc
brakes. However, fluid pressure is still applied to the rear brakes, which move the shoes out to
contact the drums. Once the shoes begin to contact the drums, the pressure in the rear brake
system starts to rise dramatically.
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After the pressure reaches a second calibrated value (about 100 psi) the metering valve opens and
begins to apply the front disc brakes.
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As the brakes are released and the system pressure again drops below 25 psi, the valve stem
reopens to allow fluid to return to the master cylinder.
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Notice also in the figures that there is a difference between the valve stem and the valve itself. Each
is operated by a separate spring and has a separate function.

Note: The two pressure points (25 psi & 100 psi in this example) are calibrated based on the size
and weight of a particular vehicle. Metering valves are not universally interchangeable even though

they may appear to be identical.



Proportioning Valve

Under heavy braking conditions, rear drum brakes are more susceptible to premature lock-up than
the front disc brakes. Part of the reason is that rapid braking forces tend to pitch the vehicle forward
which, in turn, reduces the weight on the rear wheels. Reducing the weight on the rear wheels
increases the likelihood of lock-up