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In your previous study units, you learned the basics of electricity and how charging systems
operate. You also learned about the various battery-powered electrical circuits found on
motorcycles and ATVs.

In this study unit, you’ll learn about the different types of ignition systems. First, we’ll explain
basic ignition system operation and identify the main components in an ignition system. Then,
we’ll look at the different types of ignition systems and learn about ignition system timing. Next,
we’ll tell you how to service and maintain ignition systems. Finally, we’ll discuss the electric
starting systems found on various motorcycles and ATVs.

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

� Describe how a spark plug is constructed and how it operates

� Identify the components of the magneto, battery, and electronic ignition systems

� Explain the basic operation of each type of ignition system

� Describe the procedures involved in maintaining an ignition system

� List the steps used in troubleshooting ignition systems

� Understand how the electric starter systems used on motorcycles and ATVs operate
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INTRODUCTION
Now that you understand many important electrical and
electromagnetic concepts, you’re ready to begin learning about
ignition systems.

Do you remember the stages of operation in both a two-stroke and
four-stroke engine? In each engine, the piston rises during the
compression stage to compress the air-and-fuel mixture in the
combustion chamber. Just before the piston reaches top dead center,
the spark plug fires and ignites the compressed air-and-fuel mixture.
The ignition of the air-and-fuel mixture forces the piston down in the
cylinder, producing the power stage. The power produced by the
ignition of the air-and-fuel mixture turns the crankshaft, which in
turn keeps the piston moving and the engine running.

MOTORCYCLE AND ATV IGNITION SYSTEMS
The ignition system in a motorcycle or ATV is responsible for
generating a high voltage to create a spark at the spark plug. The
ignition system also must make sure that the spark occurs at just the
right time to ignite the air-and-fuel mixture.

Let’s begin our discussion of the ignition system by learning about
ignition system operation and identifying its components.

Basic Ignition System Operation
The sole purpose of an ignition system is to provide a spark that will
ignite the air-and-fuel mixture in the combustion chamber. The spark
must be timed to occur at a precise point relative to the position of the
piston as it reaches top dead center (TDC) on the engine’s compression
stroke.

An ignition system must produce a very high voltage in order to force
electric current (moving electrons) to jump across the spark plug gap.
As many as 60,000 volts are needed to make this spark! The spark
must occur at exactly the right time in the engine cycle in order to
ignite the air-and-fuel mixture properly. Also, many sparks per
minute are required to keep the engine running at a given speed. For
example, a four-cylinder four-stroke engine that’s running at 10,000
rpm requires 20,000 ignition sparks per minute. How does an ignition
system produce a spark, time it perfectly, and keep making sparks
over and over again? Let’s find out.

DC Circuits for Motorcycles and ATVs
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Basic Ignition System Components
Figure 1 shows a simplified drawing of a basic ignition system. The
main components of the system are the

� Power source

� Ignition coil

� Spark plug and spark plug wire

� Triggering switch

� Stop switch

All ignition systems contain these components. We’ll take an in-depth
look at each of these components, beginning with the ignition coil.

Ignition Coils
An ignition coil is essentially a transformer that consists of two wire
windings that are wound around an iron core (Figure 2). The first
winding is called the primary winding, and the second winding is
called the secondary winding. The secondary winding has many more
turns of wire than the primary winding.
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FIGURE 1—This simplified
drawing shows the basic
components of an
ignition system.



In an ignition coil, one end of the coil’s primary winding is always
connected to a power source. Depending on the type of ignition
system, the power source may be a battery (DC) or a rotor with a
permanent magnet (AC). Either type of power source can be used to
apply a voltage to the primary winding of the coil. (We’ll discuss
these power sources in more detail shortly.)

When a current passes through the primary winding of the coil, a
magnetic field is created around the iron core. When the current is
switched on, the magnetic field expands around the iron core. As the
magnetic field expands, the magnetic lines of flux cut through the
wires of the secondary winding and induce a voltage in the secondary
winding. If the current in the primary winding is switched off, a
voltage is again induced into the secondary winding by the magnetic
lines of flux as they collapse and again cut through the secondary
winding. The current induced into the secondary winding flows in
opposite directions when the current in the primary is turned on and
turned off. This is because the magnetic lines of force around the iron
core cut through the secondary winding in opposite directions as the
magnetic field expands and collapses.

Because the secondary winding of the coil has many more wire coils
than the primary, the voltage produced in the secondary winding is
much higher than the original voltage applied to the primary
winding. In a typical motorcycle or ATV engine ignition system, the
power source supplies about 12 volts to the primary winding of the
ignition coil. From this 12-volt input, the ignition coil produces 20,000
to 60,000 volts or even more at the secondary coil.
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FIGURE 2—This illustration
shows a basic
transformer. When a
voltage is applied to the
primary winding, a
voltage is induced into
the secondary winding
that’s many times greater
than the voltage in the
primary winding.



The secondary winding of the coil is always connected to the spark
plug through the spark plug wire. The spark plug wire is a heavily
insulated wire that contains the high voltage and keeps it from arcing
to ground until it reaches the spark plug.

When the magnetic field in the ignition coil expands or collapses, the
high voltage in the secondary is applied to the spark plug and causes
a spark to jump across the spark plug gap. The spark ignites the
air-and-fuel mixture, causing the motorcycle or ATV engine to run.

It’s important to remember that the high voltage in the secondary
winding of the coil is produced each time the primary current is
turned on or off. In a collapsing-field ignition system, the high voltage
from the secondary winding is used when the current to the primary
winding is switched off. In a rising-field ignition system, the high
voltage from the secondary winding is used when the current to the
primary winding is switched on. This means that all ignition systems
need some type of a device that will keep turning the current from the
power source on and off.

The device that turns the current on and off is a triggering switch. Look
at Figure 1 again. The triggering switch completes the circuit from the
power source to the ignition coil. As the triggering switch turns on
and off, current from the power source is alternately connected to and
disconnected from the ignition coil. We’ll look more closely at trig-
gering switches later in this section.

Stop Switches
Once an engine is started, it will keep running until it runs out of fuel
or is put under a heavy enough load to cause it to stall. The stop
switch provides a convenient means to stop the engine. This switch is
also known as a grounding switch or kill switch.

Different types of stop switches are found on different engines. On
some motorcycle and ATV engines, the stop switch interrupts the
flow of electricity to the spark plug by giving the electrical current an
easier path to ground. This type of switch consists of a button that
grounds the ignition system.

In other engines, the stop switch is designed to prevent the flow of
electricity through the primary winding of the ignition coil. This type
of stop switch is connected in series with the primary side of the
ignition coil. When you turn the switch to the off position, the ignition
circuit is opened and the engine will stop. The stop switch shown in
Figure 1 is somewhat similar to this except that instead of opening the
ignition coil circuit, it shorts the triggering switch and causes power
to be continually applied to the primary of the ignition coil. This
prevents the triggering switch from turning off the primary current
and collapsing the magnetic field in the coil to produce a spark.
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Power Sources
In motorcycles and ATVs, there are just two different power sources
that are used for ignition systems. These power sources are the
battery (DC) and the AC generator (AC).

In a battery ignition system, a lead-acid storage battery is connected
to the ignition coil. A triggering switch device is used to alternately
turn the DC voltage on and off for operation of the coil, as previously
explained.

AC generator (also known as magneto) systems are far more com-
mon than battery systems for off-road motorcycles and ATVs. The
AC-powered ignition system uses the principles of magnetism to
produce a voltage. In a previous study unit, we discussed generators
and magnetic induction. Remember that when a conductor wire
is moved through a magnetic field, a voltage is induced in the
conductor. It’s also true that if a magnet is moved near a conductor,
a voltage is induced in the conductor. If this conductor wire is
connected to a complete circuit, current will flow in the circuit.

In an AC ignition system, permanent magnets are installed in the
engine’s flywheel. The ignition coil is then mounted at a stationary
point near the flywheel. As the flywheel turns, the moving magnets
cause a voltage to be induced in the primary winding of the ignition
coil.

Battery Ignition System Advantages
Battery-type ignition systems have some advantages over an AC
ignition system. First, the battery that powers an ignition system can
also be used to run other devices, such as headlights and electric
starter systems. In contrast, most AC-powered ignition systems
supply power only to fire the spark plug. Because a battery can be
used to run an electric starter system, machines that contain battery
systems can be started with a simple push of an electric starter button.
AC-powered ignition systems are generally activated by pulling a
rope or kick-starting the engine. Therefore, larger motorcycles and
similar machines generally use battery systems, while smaller
motorcycles and ATVs generally use AC-powered systems.

AC Generator System Advantages
The AC-powered ignition system has certain advantages over the
battery as a power source. First, when a motorcycle or ATV uses an
AC generator, no onboard battery is needed. Batteries are heavy and
very inconvenient on machines like small dirt bikes and racing
machines. Also, no separate charging system is required with an AC
generator, while batteries require a charging system to keep them
working.
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We’ll look at the design and operation of both the AC-powered
system and the battery system in detail a little later in this study unit.
For now, just keep in mind that the power source for a motorcycle or
ATV ignition system can be provided by either AC power or a
battery.

Trigger Switch Devices
Different types of ignition systems use different types of switching
devices. There are two basic types of trigger switching devices used in
motorcycle and ATV engine ignition systems. Some ignition systems
use a set of electrical contacts called breaker points and a condenser to
do the switching. Other systems use electronic components to do the
switching. Either way, the result on the ignition coil and the spark
plug is the same.

Breaker Points and Condenser
Breaker points are mechanical contacts that are used to stop and start
the flow of current through the ignition coil. The points are usually
made of tungsten, a very hard metal that has a high resistance to heat.
One breaker point is stationary (fixed), and the other point is
movable. The movable contact is mounted on a spring-loaded arm,
which holds the points together. A simplified drawing of a set of
breaker points is shown in Figure 3.

When the two breaker points touch, the ignition circuit is complete
and the primary winding of the ignition coil is energized. When the
end of the spring-loaded movable breaker point is pressed, its contact
end moves apart from the stationary breaker point. This opens the
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FIGURE 3—A Typical Set
of Breaker Points



circuit and the flow of current stops. Each time the breaker points
move apart, the spark plug fires. This action is shown in Figure 4.

The movable breaker point is moved to the open position by a turning
cam with multiple lobes. Depending on the engine design, the cam
may be located on the flywheel or on the end of the camshaft. Each
lobe on the cam forces the movable breaker point away from the
stationary point, and the spark plug fires. The spring mounted under
the movable point holds the movable breaker point against the cam.

Another important component of a breaker points system is the
condenser (or capacitor). Remember that each time the breaker points
touch, current flows through them. Unless this current flow is
controlled in some way, a spark or arc will occur across the breaker
points as they move apart. If this sparking is allowed to occur, the
breaker points will burn and fail to operate properly. The points
would also absorb energy and reduce the output voltage of the coil.

For these reasons, a condenser is used to control the current as it
flows through the breaker points. A condenser absorbs current and
stores it like a miniature battery. In an ignition circuit, the condenser
is connected across or parallel to the breaker points. As the breaker
points begin to separate, the condenser absorbs the current created by
the collapsing magnetic field around the primary winding of the coil
so that it can’t jump between the points and make a spark. When the
circuit is broken by the points, the condenser releases its charge back
into the primary circuit.

The breaker-points-and-condenser switching system is used in both
AC-powered ignition systems and battery-powered systems. An
illustration of a breaker-points system is shown in Figure 5. Note the
location of the breaker points and condenser in the circuit.
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FIGURE 4—This figure illustrates the action of the breaker points in a simple ignition circuit. When the
points are closed, current flows through the ignition coil primary winding. When the points open, the
circuit is broken. The magnetic field in the coil collapses, which induces a voltage into the coil
secondary and fires the spark plug.



Electronic Switching Device
The other type of switching device used in small-engine ignition
systems is an electronic switch. In an electronic switch, solid-state
electronic components such as a thyristor or SCR are used to turn the
current flow to the primary winding on and off. An electronic switch
completely eliminates the need for breaker points and a condenser.
We’ll discuss electronic ignition systems in more detail later in the
study unit.

Spark Plugs
The spark plug is a device that’s designed to let a voltage jump across
a gap to produce a spark that will ignite the air-and-fuel mixture.
Both four-stroke and two-stroke gasoline engines contain at least one
spark plug for every cylinder (some motorcycle cylinder heads
contain two spark plugs!).

The basic parts of a spark plug are shown in Figure 6. The metal
section at the bottom of the spark plug is called the shell. The top
section of the shell is molded into a hexagonal shape. This shape
allows a wrench or socket to be used to install or remove the spark
plug. The lower section of the shell is threaded. Remember that a
spark plug screws into a hole in the cylinder head. The threads on the
bottom of the spark plug mate with threads inside the hole in the
cylinder head.
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FIGURE 5—This illustration
shows a typical battery-
powered breaker point
system. (Copyright by American

Honda Motor Co., Inc. and reprinted

with permission)



A spark plug has two metal electrodes or terminals. The metal
electrodes are conductors that permit current to flow through them.
One electrode runs down through the entire length of the spark plug.
This is called the center electrode. The second electrode is connected to
the threaded part of the spark plug. This electrode is sometimes called
the side electrode or the grounding electrode. The grounding electrode
bends around to bring it very close to the end of the center electrode.
The small air space between the two electrodes is called the electrode
gap. This gap is very small and is usually measured in thousandths of
an inch or hundredths of a millimeter. The correct gap measurement
is very important for the correct operation of the spark plug.

The top end of the center electrode connects to the terminal nut of the
spark plug. After the spark plug is screwed into the cylinder head, the
spark plug wire is connected to the terminal nut. The high voltage
produced by the ignition coil travels through the spark plug wire to
the terminal nut. The electricity then flows down the spark plug,
through the center electrode, and jumps across the gap from one
electrode to the other to produce the spark.
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FIGURE 6—Cross-
sectional View of a
Spark Plug (Copyright by

American Honda Motor Co., Inc.

and reprinted with permission)



The body of the spark plug is encased in a porcelain insulator.
Porcelain (a china-like substance) is used because it doesn’t conduct
electricity. This porcelain insulator electrically isolates the voltage
inside the spark plug so that it can jump only across the electrodes.
The spark plug manufacturer’s name and identifying number are
usually printed on the porcelain insulator.

Note that the porcelain covering is ribbed. The ribs extend from the
terminal nut to the shell of the plug to prevent a condition called
flashover. In flashover, current jumps or arcs from the terminal nut to
the metal shell on the outside of the plug instead of traveling down
through the center electrode. The ribs cause the electricity to have a
longer path to travel to reach ground, which prevents flashover in
most cases.

Motorcycles and ATVs use the same type of spark plug wire con-
nection. This type of connection is an insulated boot-type connection.
A boot-type connector has a synthetic rubber cap that fits over the
terminal nut (Figure 7).

If you look quickly at a group of spark plugs, they may all look very
much alike. However, there are many small differences in the way
spark plugs are manufactured that allow them to perform well in
different types of engine applications. The correct type of spark plug
must be used in each engine to allow the engine to work efficiently
and economically over a long period of time. Spark plugs are
carefully manufactured to precise specifications. When replacing a
spark plug, always use the same type of replacement plug. Now, let’s
look at some of these different spark plug specifications.
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FIGURE 7—This picture
shows an ignition lead with
an insulated boot attached
to a spark plug. (Courtesy of

American Suzuki Motor Corporation)



Spark Plug Reach
The reach of a spark plug is the length of the metal threads at the end
of the plug (Figure 6). The correct spark plug reach is very important
for proper engine operation. If the spark plug reach is too long, the
threaded part may extend down into the combustion chamber and hit
the piston each time it rises, causing serious damage (Figure 8). If the
reach is too short, the spark will occur too high up in the cylinder
head. This will cause the air-and-fuel mixture to begin burning too
slowly in the combustion chamber and delay the start of the power
stroke. A delay in the power stroke will result in a loss of power and
very hard engine starting.

Temperature
Another important consideration in spark plug operation is tem-
perature. Heat from the fuel combustion process is absorbed by the
spark plug during engine operation and is conducted upward
through the plug.

Spark plug manufacturers make different series of plugs to withstand
different heat ranges. A plug is called a cold plug if it can easily
transfer combustion heat from the firing end to the shell and the
cylinder head (Figure 9). In a hot plug, the center electrode is more
isolated from the shell and the cylinder head. Therefore, a hot plug
tends to retain its heat.

A spark plug with the correct heat range must be installed in an
engine. A cold plug should be installed in an engine that has high
combustion temperatures. A hot plug should be installed in an engine
that runs at cooler internal temperatures. If a hot plug is installed in a
hot-running engine, the spark plug may overheat. If a cold plug is
installed in a cool-running engine, heavy carbon deposits will form
on the electrodes, making it difficult for the spark plug to fire. When
the proper plug is used, the heat from combustion will burn the
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FIGURE 8—It’s important
to use a spark plug with
the proper reach. (Copyright

by American Honda Motor Co., Inc.

and reprinted with permission)



byproducts of combustion from the electrodes and keep them clean
without causing overheating.

Center Electrodes
Spark plugs can have different types of electrodes. Some plugs use a
copper/steel alloy center electrode. Other plugs use a platinum alloy
electrode. Platinum alloy electrodes tend to operate hotter, burning
off combustion deposits at lower temperatures.

Some spark plugs have a small ceramic element in the center elec-
trode. This element acts as a resistor and is used to suppress radio
frequency interference which may occur when the spark plug fires.
This interference causes a popping or buzzing noise in radios,
televisions, and in some types of communication systems.

Grounding Electrodes
The length of the grounding electrodes in spark plugs also varies.
Some grounding electrodes bend and extend over the entire width of
the center electrode (Figure 10). This is called a conventional-gap spark
plug. Another type of grounding electrode extends only partway over
the center electrode. This is called a J-gap spark plug.
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FIGURE 9—The difference
between a cold plug and
a hot plug is determined
by the length of the
insulator.
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