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Preview

Now that you've learned about the many different types of motorcycles and ATVs, let’s look at
the different types of engines. This study unit introduces you to the different types of motorcycle
and ATV engine designs and configurations.

First, we'll learn how manufacturers determine engine sizes and power ratings. Then we’ll look
at the basic component layout of both two-stroke and four-stroke engine designs. Finally, we'll
cover the different two-stroke and four-stroke engine configurations that you may find in both
motorcycles and ATVs.

When you've completed this study unit, you'll be able to
e Explain how an internal combustion engine operates
¢ Demonstrate how engine displacement is measured
o Define the terms horsepower and torque
¢ Point out the major components of both two-stroke and four-stroke engines

o Identify the different motorcycle and ATV two- and four-stroke engine configurations
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INTRODUCTION

FIGURE 1—A Simplified
Drawing of a Cylinder
and Piston. Note the
position of the cylinder
at top-dead-center (TDC)
and bottom-dead-center
(BDC).

In this study unit, we’ll look at the different motorcycle and ATV en-
gine designs and configurations. We'll also look at how they’re rated
by their manufacturer. We'll start by giving you a very simple over-
view of how a motorcycle engine operates. Keep in mind that you’'ll
learn more about engine operation in later sections.

Motorcycles use reciprocating engines. A reciprocating engine has pistons
that move alternately up and down inside cylinders. All reciprocating
engines—from tiny model airplane engines to large truck engines—
have a number of common components.

Our first illustration shows a cylinder with a piston positioned inside
it (Figure 1). A cylinder is a circular tube that’s closed at one end. The
piston is a circular plug that moves up and down inside the cylinder.
The closed end of the cylinder is sealed by a cylinder head. When a pis-
ton is at its lowest position in the cylinder, it’s said to be at bottom-dead-
center (BDC). When the piston is at its highest position in the cylinder,
it's said to be at top-dead-center (TDC).
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When the piston is at TDC, a small amount of space remains in the
cylinder head. This small space above the top of the piston and below
the cylinder head is called the combustion chamber (Figure 2). In the
combustion chamber, a mixture of fuel and air is burned to produce
power. When the air-and-fuel mixture burns in the combustion cham-
ber, it produces a small, contained explosion. This explosion is strong
enough to force the piston downward into the cylinder. Each time the
piston moves either up or down, it’s called a piston stroke.



FIGURE 2—In this cutaway
picture, you can see the
small space between the top
of the piston and cylinder
head of an actual engine.
This space is called the
combustion chamber.
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The bottom end of the piston is attached to a connecting rod and crank-
shaft (Figure 3). When the piston is forced downward in the cylinder,
the piston’s motion is transferred to the connecting rod and crank-
shaft. The rod and crankshaft convert the up-and-down (reciprocating)
motion of the piston into a circular (rotary) motion. You can compare
this conversion of reciprocating motion into rotary motion to the mo-
tion produced when you pedal a bicycle. When you pedal a bike, the
up-and-down motion of your legs is converted into circular motion
that drives the rear wheel.

Four-stroke Engine Operation

The operation of four-stroke engines is divided into four stages—(1)
intake, (2) compression, (3) power, and (4) exhaust. When a four-stroke
engine is operating correctly, it continually runs through these four
stages. The following is a brief description of each stage.

e Stage 1: Intake. The piston moves downward and draws an air-
and-fuel mixture into the cylinder.

e Stage 2: Compression. The piston rises and compresses the air-
and-fuel mixture into the combustion chamber.

e Stage 3: Power. The air-and-fuel mixture is ignited. The explosion
pushes the piston back down in the cylinder. The downward
motion of the piston is transferred to the rod and crankshaft.
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FIGURE 3—The connecting
rod connects the piston to
the crankshaft. The
up-and-down motion of the
piston is changed to circular
motion at the crankshaft.

e Stage 4: Exhaust. The piston rises and pushes the exhaust gases
out of the cylinder.
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Two-stroke Engine Operation

The two-stroke engine operates somewhat differently from the four--
stroke engine. In a four-stroke engine, the four stages (intake, compres-
sion, power, and exhaust) require four piston strokes. In a two-stroke
engine, these stages are accomplished in only two piston strokes.

The two-stroke engine has inlet and outlet holes (called ports) located
at different heights in the sides of the cylinder. As the piston moves
up and down in the cylinder, the ports are covered (closed) or uncov-
ered (opened) at different times by the piston.

The air-and-fuel mixture in the two-stroke engine enters below the
piston into the area around the crankshaft. The air-and-fuel mixture
typically contains oil to lubricate the crankshaft and related compo-
nents of a two-stroke engine. The air-and-fuel mixture is delivered
from the crankshaft area to the combustion chamber through a port
above the piston. As the air-and-fuel enters the combustion chamber,
exhaust gases are forced out an exhaust port. As the piston rises, all
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ports are eventually sealed off. The air-and-fuel mixture is compressed
and ignited, producing a power stroke which forces the piston down-
ward and transfers motion to the rod and crankshaft.

Motorcycles and ATVs have either a two-stroke engine or a four-stroke
engine. Each type of engine has advantages and disadvantages which
we'll cover in later study units. For now, just keep in mind the pri-
mary difference between these two engine designs. The two-stroke
engine has a power stroke every full turn (360 degrees rotation) of the
crankshaft, which is every two piston strokes. The four-stroke engine
has a power stroke for every two turns (720 degrees rotation) of the
crankshaft, which is every four piston strokes.

Road Test 1

At the end of each section of Motorcycle and ATV Engine Configurations, you'll be asked to
pause and check your understanding of what you've just read by completing a “Road
Test.” Writing the answers will help you review what you've studied so far. Please take
time to complete Road Test 1 now.

1. The small space between the cylinder head and the top of the piston while at TDC is
called the

2. What are the four stages of the basic operation of a four-stroke engine?

3. What is the stroke of an engine?

4. When a piston is at its lowest position in the cylinder, it’s said to be at
5. The piston is connected by a connecting rod to the

Check your answers with those on page 41.

HOW MOTORCYCLE ENGINES ARE RATED

Now that you know the stages of basic engine operation, let’s take a
look at how motorcycle engine manufacturers rate and classify their
engines. Motorcycle and ATV engines are normally classified in one
of the following ways:

¢ By the size of the engine
¢ By the amount of power it produces

Before we begin to discuss how engine power is measured, let’s define
a few basic terms that we’ll be using in our discussion.
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Work
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We're all familiar with the term work. People work in some way or an-
other every day of their lives. However, when we refer to mechanical
work, we can actually measure the amount of work that’s done.

By definition, work is a force that’s applied over a specific distance.
We can calculate the amount of work that’s being performed by a de-
vice (or a person) by multiplying the amount of force being applied
by the distance over which it’s applied. Therefore, the formula for
work is

Work = Distance x Force

In this formula, if the amount of force applied is measured in pounds
and the distance is measured in feet, the amount of work performed
is measured in units called foot-pounds (ft-1b).

Let’s look at a simple example. Suppose you want to move a box from
the floor to a shelf. The box weighs 10 pounds (Ib), and the shelf is
located 5 feet (ft) from the floor. If you lift the box and place it on the
shelf, you perform a certain amount of work. You can calculate the
amount of work by using the formula. The box weighs 10 1b, so the
amount of force you applied is 10 Ib. You lifted the box 5 ft off the
floor, so the distance is 5 ft. Substitute these values into the formula
and solve.

Work = Distance x Force
Work =5 ft x 10 1b
Work = 50 ft-Ib
Thus, the amount of work you performed in this example was 50 ft-lb.

Note that this work formula doesn’t mention time. The same amount
of work is performed whether a person took 10 seconds or 10 minutes
to move the box from the floor to the shelf. The time required to per-
form the task is directly related to the strength of the person doing the
job. If we don’t consider the amount of time it took to perform a task,
we’re unable to determine the strength of the person who did the
work. The same idea applies to motorcycle engines. We can use the
formula to calculate how much work an engine can perform, but
without a time factor we can’t determine the true strength of the en-
gine. In order to calculate the engine’s strength, we have to figure in
the time the engine takes to complete a job. The rate at which work is
accomplished is called power. In other words, power is work per unit
of time. The following formula is used to calculate power:

Power = Work = Time

In this formula, we'll divide the amount of work (ft-1b) by the amount
of time in seconds (s). The amount of power in this case will be meas-
ured in units called foot-pounds per second (ft-1b/s).



Horsepower
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Let’s return to our earlier example of the box and the shelf. We calcu-
lated that 50 ft-Ib of work was required to move the 10 Ib box from the
floor onto the 5 ft-high shelf. Suppose that you completed this job in 2
seconds. We can use the power formula to calculate the power involved
in doing the job.

Power = Work + Time
Power =50 ft-Ib + 2 s
Power = 25 ft-1b/s (foot-pounds per second)

So, from our calculations you can see that you required 25 ft-1b/s of
power to complete your task. Now that we’ve looked at the basic
concepts of work and power, let’s see how they apply specifically to
motorcycle and ATV engines.

Many years ago, when internal combustion engines were invented,
no one knew how to express the amount of work they could do. At
that time, horses provided most of the transportation and power. As
a result, inventors of the first engines developed the idea of horse-
power. They determined that an average-sized horse could produce
approximately 550 ft-1b/s of work. This fact was used to develop the
standard unit of horsepower (hp). One horsepower is therefore equal to
550 ft-Ib/s of work.

1hp =550 ft-Ib/s

Even though horses are seldom used to perform work nowadays, we
still use the standard unit of horsepower to describe the power output
of motorcycle engines. So, the next time you're looking at a motorcycle
in a showroom and the salesperson tells you it has 80 hp, you can just
imagine that motorcycle being pulled by 80 horses. That's pretty
impressive!

Today, we rate almost all engines by their horsepower output. Stronger
engines produce more horsepower. Now that you understand how to
calculate horsepower, let’s look at how we measure it.

There are several different ways to measure horsepower. The most
common is to measure the horsepower output of an engine as it runs
on a device called a dynamometer (dyno).

During a typical dyno test, the technician places the motorcycle on
the dyno and runs it at full throttle. The dyno places a load (resistance)
on either the output shaft or rear wheel. Usually, the load is either hy-
draulic or electronic. As the load increases, its force tries to prevent
the engine from turning. Therefore, the engine speed decreases as the
load increases. Since the load applied is a known value, the dyno can
determine the amount of torque produced by the engine. If we know
the torque produced, we can calculate the horsepower of the engine.
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Torque

Because this type of test involves the slowing or braking of the engine,
the type of horsepower measured this way is commonly referred to
as the brake horsepower (bhp). The brake horsepower rating is the maxi-
mum power output of the engine. You'll usually see the specifications
for an engine given in bhp.

In practical use, a motorcycle or ATV engine is normally operated at
a level well below its maximum power output. If the engine was al-
ways run at maximum horsepower, it would have a very short life
span. You can compare an engine that’s running at its maximum
rated power to a person running at top speed. That person wouldn’t
be able to keep up the pace for long, and neither would an engine
running at its maximum horsepower.

The other method we use to rate an engine is by the maximum
amount of torque it produces. Torque is a measurement of twisting or
rotational force. Remember that an engine’s output is in the form of
rotational motion. The power output from the crankshaft is used to
turn the rear wheel of the motorcycle. You can compare the torque
produced by an engine to the twisting force a person exerts when
opening a jar lid. Engine torque is usually measured in foot-pounds
(ft-Ibs) and can be measured by a dynamometer.

As you’'ve probably figured out by now, the ideal engine would have
high horsepower and lots of torque. Unfortunately, we don’t see this
combination too often in real life. In a typical motorcycle or ATV en-
gine, the horsepower and torque that are developed will vary with
the speed of the engine (Figure 4). This speed is measured in revolu-
tions per minute (rpm). The rpm is a measure of how many complete
turns (360°) the crankshaft makes in one minute.

In a typical engine, horsepower generally increases as the rpm in-
creases. Remember that power is related to the rate (speed) that work
can be done. Therefore, the maximum horsepower develops near the
maximum rpm limit of the engine. Torque, on the other hand, is pro-
duced somewhat differently. The maximum torque is normally pro-
duced at a lower rpm range and then declines as the rpms increase.
This means that the maximum torque and the maximum rpm don’t
usually occur at the same time. So, when manufacturers design motor-
cycles and ATV engines, they compromise. The design usually depends
on the particular application.
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