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Preview

This study unit focuses on the transmissions and related components used in motorcycle or ATV
engines. In this study unit, you'll learn about the different types of gears that you may find in a
motorcycle or ATV engine. You'll also understand how the primary drive and different clutch
systems function in an engine. We'll then discuss how and why transmissions are used in motor-
cycle and ATV engines.

When you complete this study unit, you'll be able to
¢ Identify the different gears used in transmissions
e (alculate gear and drive ratios correctly
¢ Identify the functions of the primary drive systems
e Identify the different components that make up the primary drive systems
¢ Understand and identify the different clutch types
o Identify the different clutch release mechanisms
¢ Identify the different types of transmissions and shifting components

e Identify and understand the different types of final drive systems
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INTRODUCTION

Gears

All motorcycles and ATVs use some type of a drive system to propel
the vehicle. The primary drive, transmission, and final drive systems
work together to transfer the power that’s produced by the engine
crankshaft to the rear wheels. To use the power made at the engine
crankshaft, a motorcycle or ATV may use gears, belts, clutches,
sprockets and a chain, or a combination of these items. Before we
learn about the clutches, transmissions, and final drives used in mo-
torcycles and ATVs, we must first understand some basic information
related to gears and gear ratios.

A gear is simply one or more rotating levers. There are five primary
purposes for using gears in engines:

1. To transmit power from one shaft to another
2. To change the direction of rotation

3. To increase torque, which results in a decrease in the revolutions
per minute (rpm), or speed, of the gear; note that the force behind
a moving gear is the torque of the drive system.

4. To increase rpm, which results in a decrease in torque

5. To properly time certain components in the engine such as en-
gine balancers and camshafts on four-stroke engines

There are several basic types of gears used in an engine. Gears are
also used in other areas of a motorcycle and ATV. Because you'll see
many different types of gears, it's important that you can identify
them and understand their purpose (Figure 1).

Spur Gear

A spur gear, or straight-cut gear, has teeth that are straight, which al-
lows a tooth to mesh entirely with another spur gear tooth. The spur
gear is the most common gear used in engines. The spur gear is the
simplest gear to manufacture, is very durable under various strenu-
ous loads, and, because of its simplicity, is the least expensive gear to
manufacture. This type of gear also makes the most noise.
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FIGURE 1—Different Types of Gears
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Offset Spur Gear

An offset spur gear is essentially two spur gears which are attached
side by side. The teeth of the offset spur gear are offset by }; of a
tooth. The gears are normally attached to one another by a rubber
damper which allows the offset spur gear to engage its mating spur
gear. The offset spur gear is used to reduce the amount of free move-
ment between the teeth of two meshed gears. This is called backlash.

Helical Gear

A helical gear has teeth that are angled, which allows it to be much
quieter than the spur gear. Unlike the spur gear, the teeth of two heli-
cal gears, when meshed, don’t fully contact each other. The lack of
full contact between the gears causes the gears to be quieter. When
engaged and under load, helical gears create side loads which tend to
force the gears to one side.

Worm Gear

A worm gear has teeth that are cut at an angle to be driven by a shank
that has at least one complete tooth (thread) spiraled around the sur-
face. A worm gear is used to connect nonparallel, nonintersecting
shafts. A worm gear allows for a very high gear reduction ratio.
Worm gears are most commonly found in speedometer and tachome-
ter drives.

Idler Gear

An idler gear may have teeth which are cut in any of the types of con-
figurations discussed in this study unit. An idler gear is a gear that’s
situated between a drive gear and a driven gear to transfer motion
without a change of direction between the drive gear and driven gear.
An idler gear won't change the gear ratio of the gear set. We'll discuss
gear ratios later in this section of your study unit.

Bevel Gear

A bevel gear can be a spur bevel with straight-cut teeth or a spiral
bevel with curved teeth. The bevel gear is used to transmit power at
90° angles. The bevel gear is the most common design found on the
pinion gear (drive gear) of a final shaft-drive system and on some
older camshaft drives. We'll discuss final drive systems later in this
study unit.
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Ring Gear

A ring gear is a metal wheel that has teeth around the inner edge of
the gear. The ring gear is most commonly seen in the design of gears
used for the final driven gear on shaft-drive final drive systems. The
ring gear is normally used in conjunction with a bevel gear.

Sector Gear

A sector gear is a pie-shaped segment of a helical or spur gear. The
sector gear is used in kickstart mechanisms and shift linkages. A sec-
tor gear allows partial movement of certain components.

Gear ratios are used to alter the speed of a rotating component to a
useful rpm. A gear ratio is a numerical comparison of the number of
revolutions of the drive gear as compared to one revolution of the
driven gear. This is really more simple than it sounds. An example of
a gear ratio would be 5 to 1, or, as stated in numerical terms, 5:1. This
ratio states that the drive gear makes five revolutions for every one
revolution of the driven gear (Figure 2). The formula used to deter-
mine gear ratios is

Gear ratio = (# of teeth on driven gear) + (# of teeth on drive gear)
Gear ratio can also be expressed as

Gear ratio = (rpm of drive gear) + (rpm of driven gear)
FIGURE 2—A drive and

a driven gear are

shown here. (Courtesy of
American Suzuki Motor Corpora-
tion)

DRIVEN GEAR DRIVE GEAR
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(9]

If you know the number of teeth on a gear, then you can determine
the rpm ratio. Conversely, if you know the rpm, you can determine
the number of teeth needed in a gear.

Let’s try an example using one of these formulas to determine a gear
ratio. If a driven gear has 40 teeth and a drive gear has 10 teeth,
what’s the gear ratio? You simply take the driven gear (40) and di-
vide it by the drive gear (10) to get 4.

driven gear (40) + drive gear (10) = 4

Therefore, these gears have a gear ratio of four to one, or 4:1. In other
words, the drive gear rotates four times for every one revolution of
the driven gear. In most cases, gear ratios are rounded off to a thou-
sandth, so 4:1 would read 4.000:1.

Let’s try another example. A crankshaft gear that has 25 teeth (we'll
call this the drive gear) is turning at 5,000 rpm. It turns another at-
tached shaft gear that has 50 teeth (let’s call this the driven gear). How
fast is the drive gear turning?

Since these gears have a 2:1 ratio, every time the crankshaft (drive)
gear rotates twice, the driven shaft gear rotates once.

driven gear (50) + drive gear (25) =2
Now, calculate the speed of the driven gear with the following formula.
Speed of drive gear 2

Speed of driven gear

1
5000 rpm 2
Speed of driven gear 1

Speed of driven gear = 2500 rpm

Gear ratios can be categorized into one of three groups (Figure 3).

1. An under-drive gear ratio is a gear ratio that’s greater than 1:1. In
this situation, the drive gear always has less teeth than the driven
gear. An under-drive gear ratio increases the torque output of the
driven gear but decreases the rpm of the driven gear.

2. A direct-drive gear ratio is a gear ratio that’s exactly 1:1. In this
situation, the drive gear always has the same number of teeth as
the driven gear. A direct-drive gear ratio won't change the torque
or rpm of the driven gear.

3. An over-drive gear ratio is a gear ratio that’s less than 1:1. In this
situation, the drive gear always has more teeth than the driven
gear. An over-drive ratio increases the rpm but also decreases the
torque of the driven gear.
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FIGURE 3—Gear Ratios
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There are many different gear reductions used inside an engine. The
proper gear reduction must be used to allow an engine to operate at
its full potential. You'll find three types of ratios used in motorcycles
and ATVs.

1. Primary drive ratio
2. Transmission gear ratio

3. Final drive ratio
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Primary Drive Ratio

The primary drive ratio is the gear reduction that’s determined from
the crankshaft to the clutch of the engine. When computing the pri-
mary drive ratio, the crankshaft output gear is considered to be the
drive gear. The clutch has a gear attached to it and is considered the
driven gear. For example, if a crankshaft gear has a tooth count of 41
and the clutch-attached gear has a tooth count of 89, the primary
drive ratio is 89 (driven) divided by 41 (drive). The result (rounded
off to the thousandth) is 2.171:1.

Transmission Gear Ratio

The transmission transmits power from the clutch, which is attached
to the main shaft (drive side) of the engine, to the countershaft (driven
side) of the engine. Transmission gear ratios are needed to allow for the
many different power requirements needed. There may be as few as
two to as many as six different transmission gear ratios used in a
transmission. For example, a main shaft gear with 22 teeth and a
countershaft gear with 28 teeth have a gear ratio of 1.273:1. This is de-
termined by dividing the driven countershaft gear teeth (28) by the
drive main shaft gear teeth (22) which results in a gear ratio of 1.273:1.

Final Drive Ratio

The final drive ratio transmits the power output of the transmission to
the rear wheel. In this case, the transmission output shaft (in most
cases this will be the countershaft) has a sprocket attached to it which
drives the rear wheel through a roller chain. An example of a final
drive ratio is an output shaft sprocket size of 16 teeth and a rear wheel
sprocket size of 46 teeth. In this case, you would divide 46 by 16. The
result of the ratio (rounded off to the thousandth) is 2.875:1.

Overall Gear Ratio

There’s one other ratio that directly relates to the ratios that we just
covered. This ratio is known as the overall gear ratio. This ratio com-
pares the number of times the crankshaft turns to the turning of the
rear wheel. This ratio gives us the numerical gear ratio from the
crankshaft to the rear wheel. Generally this ratio is calculated with the
transmission in its highest gear, but it can be calculated for any gear.
The formula to calculate the overall ratio is

Overall gear ratio = (primary) x (transmission) x (final drive) ratio

If we take the figures obtained in each of the examples above, we
can calculate the overall gear ratio (rounded off to the thousandth)
as follows:

2.171 x 1.273 x 2.875 =7.946:1

This tells us that for every one revolution of the rear wheel, the crank-
shaft rotates 7.946 times.
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