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Preview

This study unit introduces motorcycle and ATV frame design, motorcycle wheel alignment, and
front and rear suspension designs. You'll start by learning the design and description of frames
and suspension systems, including motorcycle wheel-alignment checks. Then, you'll learn the
important steps you must take to inspect and to perform maintenance procedures on these
systems. Throughout our discussions of system designs, inspection, alignment, and maintenance
steps, we'll provide you with information on the function of certain basic frame and suspension-
system components.

When you complete this study unit, you'll be able to
o Identify the different frame designs used by motorcycle manufacturers
¢ Understand how to perform frame and wheel inspection and alignment procedures
¢ Identify basic front-fork suspension components
e Inspect and perform service procedures on front-fork components
¢ Identify rear-suspension systems used by motorcycle manufacturers
¢ Inspect and perform service procedures on rear-suspension components
e Identify ATV steering and suspension systems

e Inspect and perform service procedures on ATV steering and suspension systems
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INTRODUCTION

This study unit deals with three important, interrelated motorcycle
and ATV systems: the frame, the wheels and their alignment, and the
suspension. As a knowledgeable motorcycle and ATV technician, you
must thoroughly understand all these systems. Correctly aligned and
serviced, these systems provide comfort and safety to the rider.

The frame holds all the motorcycle and ATV parts together, directly
affecting both steering and wheel alignment. In this study unit, you’ll
learn to identify some frame designs. You'll learn to identify frame
damage and how and when to repair it or replace the damaged frame.
Finally, you'll learn how modifying the frame design changes the way
a motorcycle handles on the road and in the field.

The motorcycle’s wheels and their alignment are important for a rider’s
comfort and safety. In this study unit, you’ll learn to inspect, align,
service, and repair the various parts that comprise the wheels and
steering system.

Steering and wheel alignment work with the suspension system to
give the rider a smooth, comfortable ride over rough road surfaces
and terrain without transmitting a great amount of shock to the rider.
The suspension connects the main body of the motorcycle with the
wheels and, if it's working properly, provides as smooth a ride as
possible. In this study unit, you'll learn to inspect, service, and repair
the various parts that comprise the suspension system.

To develop faster and lighter motorcycles, manufacturers have made
significant changes in frame geometry, shock-absorber capabilities,
and swing-arm arrangements as well as frame and suspension de-
signs. You must learn basic frame and suspension theory and design
in order to be able to understand these changes. This study unit will
help you understand and apply this information.

MOTORCYCLE FRAMES

The frame holds all the other parts together. It must be straight to pro-
vide the proper wheel alignment and steering. It must provide a se-
cure mounting for the steering. The steering must turn easily so it
won’t exhaust the rider, yet it must be tight enough to provide good
handling characteristics. The frame must be strong to support the
weight of the rider, the engine, and all other motorcycle components.
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Manufacturers use many frame configurations, depending on how
the motorcycle will be used. Stress and vibration from both the sus-
pension and the engine act against the frame. These forces are major
factors when a manufacturer is designing a frame whether it’s for
street use, track use, or dirt road use. The frame must also be light-
weight for ease of handling.

Frame design also depends on such factors as engine displacement,
intended use of the motorcycle, cost, visual appeal, and materials.
Most frames are made of steel. But aluminum is used in frames for
sport-type motorcycles and for off-road, racing-style motorcycles.
Frames made of aluminum alloys are lighter than steel frames. Both
steel and aluminum frames have the same strength rating. Aluminum
frames are bulkier and more expensive to produce than steel frames.

Manufacturers design frames using a variety of tubing in different
shapes. Different castings and forgings combine to form the optimal
frame design for a given model’s needs. Many motorcycle frames are
made almost entirely of round, steel tubing of various outside diame-
ters and thicknesses. Frames are also made from square tubing. Many
steel and aluminum frames include some casting or pressed steel or
aluminum sections in order to form strong, compact joining areas for
major attachment points. Round tubing has the same strength in all
directions, but rectangular and square tubing has different strength
ratings in different directions. For example, if the frame’s maximum
strength is needed in a vertical direction, but the strength in the hori-
zontal direction isn’t as important to the frame design, manufacturers
choose rectangular tubing with greater strength in those areas. In ad-
dition, a frame’s weight can be changed by changing the tubing de-
sign. Frames are usually reinforced at high-stress points with gussets
(braces) made of special metals to provide strength and light weight.

Frames are classified according to their basic structure. Figure 1
shows five different frame designs used in the motorcycle industry.

Single-cradle frame. This frame design has one down tube and one
main pipe. The structural material of the frame surrounds the engine.
This frame is widely used for lightweight, off-road motorcycles as well
as some midrange, on-road, sport-type motorcycles, which require
strength and easy service.

Double-cradle frame. This frame is similar to the single-cradle frame.
The major difference is that the double-cradle frame has two down
tubes and two main pipes. The double main pipes and down tubes
increase frame strength. As you can see in Figure 1, a section

of the down tube can be removed on some models to help the techni-
cian remove the engine. Larger-displacement, on-road motorcycles
commonly use this design.
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PERIMETER FRAME

FIGURE 1—Five motorcycle frame designs are shown here. (Copyright by American Honda Motor Co., Inc, and reprinted
with permission)
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Backbone frame. This frame design is made of steel tubing and
pressed plates and is used mostly on scooters and other small- engine-
displacement motorcycles. This frame design allows motorcycle manu-
facturers to produce motorcycles at a low cost with many design options.

Diamond frame. On this frame design, the lower section of the down
tube isn't connected to any other frame tubes. This design uses the
engine as a part of the frame structure. When it’s secured, the engine
generates the extra, needed frame strength. In these situations, the
engine is known to be a stressed member of the frame. Used primarily
on small- to mid-sized motorcycles, this frame design is desirable
because of its simple structural design, serviceability, and its light
weight.

Perimeter frame. This frame was designed to minimize twisting of
the steering neck by having the upper frame tubes at a wide angle to
the neck. The upper frame tubes also wrap around the perimeter of
the engine, further increasing the stiffness of the overall frame. Manu-
facturers have recently begun constructing this frame of aluminum.
Some, but not all, perimeter frames contain a removable subframe to
improve service access. Primarily used on sport-type, on-road machines,
these frames are now being used on some off-road bikes as well.

Frame Inspection

Although motorcycle frames generally don’t require service by a tech-
nician, you should be prepared to inspect frames for damage to be cer-
tain the motorcycle is safe to ride. Frame repair is extremely difficult,
and the straightening involved should be left to a frame-repair specialist.
In fact, all manufacturers recommend that damaged frames be replaced.

Frame Alignment

As a technician, you’ll need to know how to check frames for proper
alignment. If the frame is bent, the wheels won’t track properly. This
means that when the motorcycle is going in a straight line, the rear
wheel won't follow exactly in the track of the front wheel. Bent front
forks or a bent swing arm can cause the wheels not to track. Your job
is to determine which part is bent—frame, front fork, or swing arm—
and then make repairs or replacements where necessary.

A quick way to determine if the frame has been damaged badly enough
to require replacing is to inspect the surface of the frame tubing. Gen-
erally, if the tubing has been bent severely, the paint on the frame at
the point of the bend will have stretched or buckled. Carefully inspect
the frame joints to be sure the weld hasn’t broken. If either condition
exists, the frame is bent. Send the frame to a frame shop to determine
if repairs can be made or if replacement is necessary.
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If the paint or weld doesn’t show damage and you still suspect that
the frame is bent, remove all the parts from the frame and inspect it
yourself. The parts you'll remove include the fuel tank, seat, fairing,
wiring, etc. At this point, you'll still save time and trouble by sending
the frame to a specialist because you must have special tools to inspect
and repair a damaged motorcycle frame.

Tools Needed

If you choose to go ahead and inspect the frame yourself, the tools
you’ll need are

¢ Engineer’s checking table (a table that has a smooth, flat surface
approximately 4 feet by 6 feet)

e Adjustable-height gauge (preferably the Vernier type)
e Two or more V-blocks

e Square

e Some large C-clamps

e Set of head-pipe bearing races

¢ Bar that fits the internal hole of the bearing races

Procedures

The procedures in this study unit are general in nature and not in-
tended 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 mainte-
nance 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.

Checking for a Bent Front Section

Follow these steps to check for a bent front section (Figure 2):

1. Set the frame on its side on the table.
2. Insert the bearing races, bearings, and bar into the head pipe.

3. Block the head pipe with the V-block so the centerline of the bar
is parallel with the table. The centerline is an imaginary line
drawn through the center of the tube or pipe.

4. Block the top frame pipe so the centerline of the pipe is at the
same height from the table as the centerline of the bar through
the head pipe.

5. Use the adjustable-height gauge to check that the parts of the
frame are parallel.
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6. Clamp the frame to the table, using care that all measurements
(centerlines of the head-pipe bar and top rail) remain the same.

7. Insert a rod thatjust fits through the swing-arm mount (swing-
arm axle). Use the square to ensure the centerline of this bar is
perpendicular to the centerline of the bar through the head pipe
and the centerline of the top frame bar.

FIGURE 2—Shown is the

frame front section being V-BLOCKS BAR
checked with a square

and an adjustable-height

gauge. (Copyright by American

Honda Motor Co., Inc. and reprinted ENGINEER'S
with permission) CHECKING
TABLE

HEAD PIPE

E%T,\?EM ~ ADJUSTABLE-
PALS HEIGHT GAUGE

TOP FRAME PIPE SQUARE
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If you find that the centerline of the bar through the swing arm isn’t
perpendicular to the centerline of the bar through the head pipe, the
frame is bent. Usually this bend will be in the front frame section. A
frame-repair specialist must straighten it, or you must replace the
damaged frame with a new one.

Checking for a Bent Rear Section

To check for a bent rear frame section, position and clamp the frame
so the centerline of the bottom frame rails is parallel to the tabletop.
Locate the exact center of the space between the two top frame rails at
the rear shock mounts. An imaginary line drawn from one rear shock
absorber to the other should cross the top rail centerline at a 90° angle.

The holes for mounting the motorcycle parts must be at specified an-
gles and distances. These specifications aren’t usually in the factory-
supplied shop manual, and they’re quite complex. That's why we

recommend you have a frame-repair specialist do this type of repair.

Frame Modifications

You may encounter a chopper, which is a motorcycle with a modified
frame. A major part of chopping the motorcycle’s frame consists of
changing the angle of the head-pipe joint where it attaches to the top
frame rail and the front-frame down tube. Changing the angle of these
tube joints changes the angle of the steering-stem axis in relation to
the ground. This angle is called the steering castor (or rake) (Figure 3).
Changing the angle of the head-tube joint also changes the steering
trail. Trail is a word used to identify the distance along the ground
between an imaginary vertical line through the center of the front axle
to the ground and another line through the center of the steering stem
to the ground.

Changing both the castor (or rake) and trail directly affects both steering
ease and the stability of the motorcycle. Often, motorcycles that have
been chopped also have the length of the front-fork tubes increased.

This is usually done in conjunction with changing the head-pipe angle.
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FIGURE 3—This drawing
shows how castor (or
rake) and trail are
measured.

CASTOR
OR RAKE

STEERING
STEM

When you increase the castor (or rake), you increase the trail. This
change lengthens the wheel base and makes the motorcycle more
difficult to turn. Therefore, choppers are well suited for riding on
straight highways. However, it’s possible to change the castor (or
rake) and trail too much. When this happens, the steering is very slow
and requires a lot of pressure to turn the wheel until the wheel reaches
a 15° to 25° angle from the frame line. Then, the wheel tends to turn
sharply to a 90° angle, and it requires a lot of pressure on the handle-
bars to prevent it from completing the turn to a 90° angle. This makes
steering at slow speeds much more difficult.

Motorcycles that have the setting reversed [small castor (or rake),
smaller trail] are much easier to turn—the pressure on the handlebars
can be very light. This reversed castor (or rake) and trail condition af-
fects the bike's stability. The motorcycle is more difficult to hold in a
straight line at higher speeds. Thus, most manufacturers install the head
pipe at an angle that allows the castor (or rake) to be just large enough
for off-road or average city driving, providing quick, light steering.

Any modification to the frame head angle, length of fork legs, or size
of wheels and tires affects, to some extent, both the castor (or rake)
and trail.

Most manufacturers make more than one size of motorcycle, each de-
signed to be used for a basic purpose (dirt bikes, street bikes, etc.), along
with some bikes designed for multiple uses. Motorcycle manufactur-
ers don’t recommend making any repairs or frame-design changes;
but if frame work is to be done, remember that it should be done by
an expert who knows metal, welding, and frame-design factors. The
frame may be ruined by an inexperienced technician. In addition, a
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