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In this study unit, you’ll learn about the brake systems, wheels, and tires used on motorcycles
and ATVs. You’ll begin by learning about the different types of brakes. We’ll describe how each
type of brake operates and identify its components. We’ll also describe how to maintain the
different brake systems. Next, we’ll look at the wheels commonly found on motorcycles and
ATVs. In this discussion, we’ll cover both the spoke and non-spoke types of wheels used on
motorcycles. In addition, you’ll learn how to repair spoke-type wheels. The tire information
includes both tube-type and tubeless-type tires. We’ll provide information for tire repair as well
as information for tire removal, installation, and balancing.

When you complete this study unit, you‘ll be able to

� Identify the different brake systems and brake system components used on motorcycles
and ATVs

� Describe how to perform maintenance on brake systems

� Understand how to repair motorcycle spoke wheels

� Identify tube and tubeless tires

� Describe how to perform maintenance on wheel assemblies, including balancing tires and
servicing wheel bearings
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INTRODUCTION
Two very important areas of safety for motorcycles and ATVs are
braking systems and tires. Better brakes and tires are constantly being
developed to keep up with vehicles that are being designed to be
more powerful and easier to handle over a wide variety of conditions.

As a motorcycle and ATV technician, you’ll often be called upon to
adjust, repair, and replace tires, wheels, and brakes. These jobs can be
very difficult for a novice technician; however, a few simple
procedures, such as those you’ll learn in this study unit, can do a lot
to help speed up these jobs and avoid problems.

The procedures in this study unit are general in nature and not
intended to be used for actual disassembly and repair. Their purpose
is to familiarize you with the types of activities you’ll encounter.
Always refer to the appropriate motorcycle or ATV service guide for
maintenance information. The service guide contains all the
information to do the job correctly, including detailed instructions for
the specific make and model of motorcycle or ATV, special tools, and
service tips. Above all, the service guide contains the appropriate
safety information.

BRAKING SYSTEMS
The braking systems used on motorcycles and ATVs, like virtually
any type of braking system, reduce the machine’s kinetic energy by
transforming it into heat energy known as friction heat. Therefore, a
brake is an energy-conversion device that converts the energy of
motion (kinetic energy) into heat energy. Motorcycle braking is
accomplished by the friction (resistance to movement) produced
when a brake lining is forced against a rotating drum or disc. Friction
between the linings and drum or disc serve to slow and eventually
stop wheel rotation.

The brakes used on motorcycles fall into two categories:

� Mechanical drum, sometimes called expanding shoe

� Hydraulic disc

Motorcycle brakes commonly use either hydraulic (fluid pressure) or
mechanical (cable or linkage) mechanisms to apply the brakes.
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Mechanical Drum Brakes
First, let's look at the drum brake, sometimes called the mechanical,
expanding double-shoe brake (Figure 1). Generally used for rear
wheels, this brake is also used on some front wheels. With this kind of
brake, a backing plate that’s connected to the forks holds the two brake
shoes. The wheel and brake drum rotate around the brake shoes.
When the rider applies the brake, a cam pushes the two semicircular
shoes outward. The circle formed by the two shoes expands. When
the shoes expand, they press against the rotating drum, thereby
limiting its free rotation.

Types of Mechanical Drum Brakes
Mechanical drum brakes may use either one or two cams to expand
the shoes. In the one-cam arrangement, sometimes called a
one-leading-shoe-and-one-trailing-shoe brake system, springs hold one
end of the shoe to the cam. The other end is anchored to a round peg
or pivot. Turning the elliptical cam spreads the shoes. Figure 2
illustrates the leading-shoe arrangement.

The leading shoe makes contact with the drum at Point A. Wheel
rotation draws the shoe tighter into the drum. The trailing shoe
makes contact at Point B, but the motion of the wheel tends to push
the shoe away from the drum. In other words, the rotation of the
drum helps the leading shoe develop braking power, whereas the
opposite is true in the case of the trailing shoe.
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FIGURE 1—A drum brake
is shown in this illustra-
tion. (Copyright by American

Honda Motor Co., Inc. and

reprinted with permission)



Figure 3 illustrates the double-leading-shoe brake system. In this system,
a cam is used at both ends of the shoes. Therefore, expansion is equal
at each end of each shoe. The double-leading-shoe system requires
less pressure to operate because the shoes expand equally around the
drum, and the rotation of the drum pulls the leading edge of each
brake shoe tighter against the drum.
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FIGURE 2—Shown here are
the internal components
of the one-leading-shoe-
and-one-trailing-shoe
drum-brake system.

FIGURE 3—Shown here is
a double-leading-shoe
drum-brake system.
(Copyright by American Honda

Motor Co., Inc. and reprinted with

permission)



Servicing Drum-Type Brakes
The service required for drum-type brakes is generally quite simple.
Usually, the only problems that occur are

� Not stopping the wheel

� Not releasing the wheel (also called brake drag)

Not Stopping the Wheel. This can be caused by worn brake shoes or
brake lining contamination. Contamination may be caused by a
leaking fork seal. If the brake is worn, replace the shoes or the shoe
lining. If there is oil contamination, wash it off using a high-flashpoint
solvent.

Not Releasing the Wheel. Brake drag can be caused by

� Brake adjustment being too tight

� Broken return springs

� Lack of lubrication on the cam and pedal pivot points

Brake cams should be serviced (lubricated) every 5,000 miles under
normal conditions and more often if the motorcycle is operated under
wet or dirty conditions. Use care when lubricating brake components
so that you don’t allow oil or grease to contaminate the lining.

Hydraulic Disc Brakes
The other category of brake systems is the disc type (Figure 4). Disc
brakes are commonly used on both front wheels and rear wheels.
Disc brakes use two pads that clamp on the sides of a disc to stop
wheel rotation. The clamping action is normally caused by hydraulic
pressure moving the pads together. Some older motorcycle models
use mechanical disc brakes that have the disc connected to the wheel
and positioned between the pads. As pressure is applied to the pads,
they squeeze the disc, preventing its turning.
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Hydraulic Disc Brake Components
The major components of a hydraulic disc brake are the

� Brake lever

� Master cylinder

� Hydraulic brake lines

� Brake fluid

� Caliper assembly

� Brake pads

� Brake discs

Let’s take a closer look at each component.

Brake Lever
Operation. The brake lever is connected to the master cylinder
(Figure 5). As the rider moves the lever, a piston in the cylinder
moves and forces fluid to flow from the master cylinder to the caliper
assembly. Here the pressure of moving fluid causes the pads to grip
the disc, thereby stopping wheel rotation.
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FIGURE 4—A typical disc
brake mounted on the
front wheel of a motor-
cycle. (Copyright by American

Honda Motor Co., Inc. and

reprinted with permission)



When the brake lever is released, a spring moves the lever and
master-cylinder piston back to their starting positions. This relieves
the fluid pressure and the pads move away from the disc, freeing the
wheel.

Inspection and Maintenance. Check that the brake lever is properly
secured but doesn’t bind during operation. The brake lever should
return to its outward position when released.

Master Cylinder
Operation. The master cylinder is connected to the brake lever. An
exploded view of a master-cylinder assembly is shown in Figure 6.

Inspection and Maintenance. Master-cylinder component repair
consists of disassembly, inspecting all parts, replacing any parts that
show signs of damage or wear, and reassembly. Internal parts can
cause trouble if they become worn or rusty.

Hydraulic Brake Lines
Operation. Hydraulic brake lines connect the master cylinder and the
brake caliper. When the rider applies pressure to the brake lever, the
master cylinder converts the force applied on the brake lever to
hydraulic pressure. This hydraulic pressure passes through the
hydraulic brake lines from the master cylinder to the caliper
assembly. The increased pressure causes the brake-caliper piston to
force the brake pad against the disc, which stops the wheel.
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FIGURE 5—This illustration
shows the brake lever and
master-cylinder piston
applying pressure to the
caliper piston. (Copyright by

American Honda Motor Co., Inc. and

reprinted with permission)



Inspection and Maintenance. Always install new sealing washers
when the hydraulic brake line is removed or replaced (Figure 7).

Brake Fluid
Operation. Hydraulic brake systems commonly use three types of
brake fluid, which have been rated by the U. S. Department of
Transportation (DOT). These brake fluids are designated as DOT 3,
DOT 4, and DOT 5. First, we’ll discuss DOT 3 and DOT 4, which are
both glycol-based brake fluids. DOT 4 brake fluid can be mixed with
and used in place of DOT 3. DOT 3 shouldn’t be used in place of DOT
4 because DOT 4 has a higher boiling point than DOT 3. DOT 4 is
normally found in motorcycles that use metallic or semimetallic brake
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FIGURE 6—A hydraulic disc
brake master cylinder is
shown here in exploded
view form. (Copyright by American

Honda Motor Co., Inc. and reprinted

with permission)



pads, which generate higher braking temperatures. When there’s a
higher than normal brake temperature, loss of braking could occur.

Both DOT 3 and DOT 4 brake fluids are hydroscopic. This means that
they absorb moisture from the atmosphere. This is very important
because the moisture contaminates the brake fluid, which in turn
lowers the fluid’s boiling point and may lead to corrosion in the
master cylinder and brake caliper. DOT 3 and DOT 4 brake fluids are
harmful to plastic and painted parts, so you must use extreme care
when draining or adding these brake fluids to the master cylinder.

DOT 5 brake fluid is a silicon-based fluid. Water or moisture won’t
mix with DOT 5 brake fluid. DOT 5 can’t be mixed with DOT 3 or
DOT 4 brake fluid. A disadvantage that DOT 5 fluid has in relation to
DOT 3 or DOT 4 is that it emulsifies (foams) very easily; therefore, be
careful not to shake the container. DOT 5 also has additives that
counteract the fluid’s tendency to make the seals swell. It’s important
to understand that these brake additives impregnate the seals in the
brake system. If you change from one type of fluid to another, you
must replace the seals and all rubber parts to prevent brake-system
failure. It’s also important to use only fresh brake fluid from a sealed
container to avoid contaminating the brake system. See Table 1 for a
comparison of brake-fluid characteristics.
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FIGURE 7—The brake line
sealing washers should be
replaced whenever the
brake line has been
removed. (Copyright by

American Honda Motor Co., Inc.

and reprinted with permission)



Table 1

BRAKE-FLUID COMPARISON

Characteristic DOT 3 DOT 4 DOT 5

Chemical Base Glycol Glycol Silicon

Hygroscopic
(absorbs moisture from
the atmosphere)

Yes Yes No

Compatibility Can’t mix with or
replace DOT 4 or DOT 5

Boiling point is lower
than DOT 4

Can mix with and
replace DOT 3

Boiling point is higher
than DOT 3

Can’t mix with or
replace DOT 3 or DOT 4

Precautions Harmful to plastic and
painted surfaces

Harmful to plastic and
painted surfaces

Foams easily

Has additives that
counteract the
tendency to make seals
swell

Inspection and Maintenance. Hydraulic brake fluid in disc-brake
systems should be changed once a year or every 5,000 to 6,000 miles,
whichever comes first. If the fluid becomes contaminated with dirt or
water, it should be changed immediately. The following is a general
procedure to change brake fluid.

1. Attach a hose to the bleeder valve on the caliper. Run the other
end of the hose into a can to catch the fluid (Figure 8).

2. Open the bleeder valve and pump the brake lever until the fluid
is completely drained.

3. Close the bleeder valve and fill the master-cylinder reservoir with
new fluid.
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FIGURE 8—This figure
illustrates the process of
replacing the brake fluid.
(Copyright by American Honda Motor

Co., Inc. and reprinted with permission)



4. Open the bleeder valve and squeeze the brake lever; then close
the bleeder valve while holding the lever depressed. Release the
lever. Repeat this operation until fluid is pumped out of the hose
with each squeeze of the lever. Be sure you check the reservoir
before each squeeze because it shouldn’t become dry. Replenish
the fluid as necessary.

Bleeding Hydraulic Brake Systems. After you’ve changed the brake
fluid you must bleed the air from the brake system. This procedure is
also used whenever the brakes seem spongy, which is also an
indication of air in the system. The following is a general procedure to
bleed air from the brake system.

1. Connect a hose to the bleeder valve on the caliper as you did to
replace the fluid.

2. After filling the reservoir, pump the brake lever a few times until
the pressure becomes firm.

3. Hold the lever depressed while you open the bleeder valve. Air
in the system is expelled in the form of tiny bubbles from the
hose on the bleeder valve.

4. Tighten the bleeder valve before you release the brake lever.

Repeat this operation until all the air is expelled. Be sure to maintain
the fluid level in the reservoir during bleeding operations. Check the
fluid level often as you work.

Caliper Assembly
Operation. The caliper assembly (Figure 9) fits over the brake disc
rotor. Pistons inside the calipers are in direct contact with brake pads,
which press against the brake disc. The brake fluid pushes the pistons
outward, which in turn pushes the pads toward the brake disc. As the
pads press against the disc, the friction slows the rotation of the
wheel.

Inspection and Maintenance. Inspect the caliper assembly for
damage. Internal seals, pistons, and other parts of the caliper
assembly must be replaced if damaged.

Two types of hydraulic calipers are used on motorcycles today—
single piston and multiple piston. We’ll discuss these types of calipers
next.

Single-Piston Calipers. In this design, both pads press against the
brake disc through a reaction of a sliding caliper yoke. Calipers of this
type with single pistons are still common. A typical single-piston
caliper is illustrated in Figure 10 on the left side of the illustration.
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Multiple-Piston Calipers. This caliper design is the same as a
single-piston caliper except that this design has two or more pushing
pistons to apply braking pressure. Some designs have two, four, or
even six pistons doing the same job as the single-piston caliper, but
applying up to six times the force of a single-piston caliper system!
Figure 10 shows a typical dual-piston caliper on the right side of the
illustration.
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FIGURE 9—The brake
caliper houses the brake
pads and the pistons,
which apply pressure to
the pads. The caliper pin
bolts secure the caliper
assembly. (Copyright by

American Honda Motor Co., Inc.

and reprinted with permission)

FIGURE 10—This illustration shows how the single-piston and multiple-piston calipers apply pressure to the
brake pads. (Copyright by American Honda Motor Co., Inc. and reprinted with permission)



Brake Pads
Operation. There are different designs of disc-brake pads. When they
were first developed, disc-brake pads were made from asbestos. Due
to the health hazards involved with asbestos, the asbestos pads were
replaced with pads made from organic materials. To increase the
service life of the pad, as well as to improve braking performance,
these pads were sometimes impregnated with small metal particles.
Today, most motorcycle manufacturers design their brake systems to
use what’s known as sintered disc-brake pads. Sintered pads are
impregnated with copper as well as other special materials, which the
brake-pad manufacturers keep secret. These pads are designed to
improve wet-braking performance. On some of these sintered brake
pads, insulation has been installed to help shield the hydraulic brake
fluid from brake-pad heat when the brakes are under heavy use.

Inspection and Maintenance. Inspect the pads for wear. A mark on
the pad, placed by the manufacturer, indicates the allowable wear
point (Figure 11). If the pad is worn beyond the mark, replace both
pads to prevent unequal pressure on the disc. If oil or grease has been
spilled on the pads, they should be cleaned or replaced. If pads need
to be replaced, always replace in sets; never replace just one brake
pad.

Brake Discs
Materials. To help protect them from rust, most brake discs (also
known as rotors) are made from a stainless-steel alloy. Other brake
discs are made from cast iron. The cast-iron discs transfer heat better
than the stainless-steel discs, but rust when exposed to water. The
latest brake discs being used on some racing motorcycles are made of
carbon fiber. Carbon fiber is extremely light and also provides a very
good braking surface. It’s also very, very expensive! Therefore, only
on a rare occasion will a motorcycle technician be required to work
with this type of brake disc. Because of the limited materials that can
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FIGURE 11—Marks
placed on the brake
pads let you know when
it’s time to replace the
brake pads.



be used to make lightweight discs, thermal distortion becomes a
problem if the disc is made too thin. Discs are commonly drilled with
holes or grooves to help remove dust or water from the disc surface
while the brakes are being applied.

Inspection and Maintenance. Inspect the brake discs for wear and
warping. A warped disc causes the brake pads to drag and wear
quickly. To check for a warped disc,

1. Jack up the wheel.

2. Place a dial indicator against the disc (Figure 12).

3. Rotate the wheel. Any run-out (wobble) will be shown on the dial
indicator.

4. Measure the disc thickness (for wear) using a micrometer
(Figure 13).

5. Replace the disc if it’s worn or warped beyond serviceable limits,
as indicated in the appropriate service manual.
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FIGURE 12—A dial indicator
is placed against the
brake disc to determine if
the disc is bent.



Hydraulic Disc Brake Precautions
When working with hydraulic disc brakes, observe the following
precautions.

� Never reuse brake fluid.

� Don’t use fluid from a container that has been left open for a
long period of time. The fluid is hygroscopic (it absorbs
moisture from the air).

� Don’t mix two types of fluid (glycol-based with silicon-based)
for use in brake systems.

� Don’t leave the reservoir cap off for any length of time, because
the fluid may absorb moisture from the air and the system may
collect other contamination such as dust and dirt.

� Don’t change the fluid in the rain or when a strong wind is
blowing.

� DOT 3 and DOT 4 brake fluid will damage painted surfaces.
Wipe up any spilled fluid immediately.

� Don’t use gasoline, motor oil, or any other mineral oils near
disc-brake parts; these oils cause deterioration of rubber brake
parts. If oil spills on any brake parts, it’s very difficult to wash
off and will eventually react and break down the rubber.

� If any of the brake-line fittings or the bleeder valve are loosened
at any time or for any reason, the air must be bled from the
brake.
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FIGURE 13—The technician
is measuring brake-disc
thickness with a
micrometer. The brake
disc wears from the high
amount of friction created
by the brake pads.



Antilock Braking Systems (ABS)
Antilock braking systems prevent the wheels from locking up under
excessively hard braking or when attempting to stop on slippery
surfaces such as wet roads. This system controls braking torque
during heavy over-operation of the brakes (such as a panic stop to
avoid an accident) and helps ensure optimum tire-to-road-surface
traction during hard braking.

The antilock braking system is activated only when the motorcycle
rider applies the front or rear brakes hard enough to lock up the
wheel assembly. The ABS operates through a computer that measures
wheel speed by using various sensors placed on the brake discs and
brake calipers and then controlling brake-fluid pressure accordingly.
This varies the braking torque to allow the front and rear wheel
assemblies a limited amount of controlled slipping.
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FIGURE 14—This illustration
shows the component
parts of the BMW antilock
brake system. (Courtesy of BMW

of North America, Inc.)
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