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This study unit is the second of three study units devoted to motorcycle and ATV electrical
systems. In the previous study unit, you learned about the basics of electricity, where electricity
comes from, and how to measure it. In this study unit, you’ll learn how to apply this electrical
theory to understand motorcycle and ATV charging and other related electrical systems. We’ll
begin by describing the basics of a charging system. Next, we’ll take a closer look at each of the
components in the charging system and show you how they operate. After we’ve discussed each
of the components, we’ll review the overall operation of the charging system and tell you how to
maintain and troubleshoot charging systems. Finally, we’ll take a look at some of the other
electrical circuits found on motorcycles and ATVs.

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

� Explain why motorcycles and ATVs use charging systems

� Describe the theory behind a basic charging system

� Visually identify the different types of charging systems found on motorcycles and ATVs
from the wiring diagrams

� Describe how alternators generate AC power

� Describe how a charging system changes alternating current into direct current

� Explain the electrical system of motorcycles and ATVs that don’t use a battery

� List the steps required for maintenance and minor troubleshooting of a charging system

� Read block diagrams for various DC electrical system circuits
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INTRODUCTION
A charging system is necessary in any motorcycle or ATV which has a
battery for powering electrical components. As we mentioned in the
previous study unit on basic electricity fundamentals, the first step to
understanding electrical systems and how they work is to start with
the basics.

To understand how a charging system works, you must first under-
stand what a charging system does. Then, you need to know the
components that make up the charging system and how they work.

Charging System Overview
The purpose of a charging system is to replenish the power in a battery
as it’s used. An alternator provides the electrical power source for the
charging system (Figure 1). The alternator provides an alternating
current (AC) output. In order to convert the AC output of the alterna-
tor to direct current (DC), which is needed by the battery, a rectifier is
used. The rectifier converts the AC (which you’ll remember alternately
flows in one direction, then in the other direction) into DC, which
flows in only one direction. This process is known as rectification.
The voltage from the charging system to the battery is maintained
within certain limits by a voltage regulator. By controlling the output
of the charging system, the regulator prevents undercharging or
overcharging the battery.

Some racing machines use what is known as a “total loss” electrical
system. This means that the electrical system doesn’t have a charging
system. The battery has enough power to complete the race without
recharging. When the battery becomes discharged, the machine will
no longer operate and the battery must be recharged using an
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FIGURE 1—A simple block
diagram of a charging
system is shown here.



external battery charger. This study unit, however, will focus on
machines having charging systems.

Charging System Components
From small 50cc ATVs to large 1500cc touring motorcycles, all
charging systems have the same common basic components as shown
in Figure 1. These components may have different designs in various
motorcycles and ATVs, but still provide the same functions in the
charging system.

Alternator
An alternator is a generator that produces an AC voltage. The
alternator is driven by the rotation of the engine crankshaft. Thus, it
only produces an electrical output when the engine is running. The
output from the alternator varies with the speed of the engine.

Rectifier
A rectifier converts the AC from the alternator into DC that is used by
the battery. There are basically two types of rectifiers: half wave and
full wave, which will be discussed later in this study unit. The rectifier
uses a diode or diodes to convert the AC into DC by allowing current
flow in one direction only.

Voltage Regulator
A voltage regulator may be a separate device or it may be contained
with the rectifier as a single unit. There are many types of regulators.
The newer solid-state types of regulators use thyristors (SCRs) and
Zener diodes, which provide a current limiting function to control
battery charging.

Battery
A battery is an electrical storage device which supplies DC power for
the motorcycle or ATV electrical systems. As the battery is discharged
from use, the charging system charges the battery as needed.

In summary, the alternator generates AC voltage. The rectifier
changes the AC into DC. The battery stores the DC voltage and the
voltage regulator controls the voltage being sent to the battery. This is
basically what a charging system does in a motorcycle or ATV (or an
automobile, or lawn and garden tractor for that matter!).

Now, let’s begin by looking more closely at each of the components
that make up the charging system. After we’ve learned more about
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each of these components, we’ll look at the charging system operation
in more detail.

ALTERNATORS
Depending on the manufacturer, there are many different terms used
for an alternator including generator, dynamo, and magneto. For the
purpose of this study unit, we’ll simply refer to them as alternators.

All alternators are actually AC generators which are driven from the
engine. An alternator has two main components—the rotor and the
stator. The rotor has a series of magnets and rotates either inside
(Figure 2A) or outside (Figure 2B) the stationary windings of the
stator. The stator consists of several different coils which are used to
produce power for the motorcycle or ATV electrical circuits and to
charge the battery.

From the viewpoint of construction design, alternators used in the
motorcycle and ATV industry can be divided into two general
types—permanent-magnet alternators and excited-field electromagnet
alternators.
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FIGURE 2—This illustration shows two types of rotors. The rotor in Figure 2A rotates inside the stator. The
rotor in Figure 2B rotates on the outside of the stator. (Copyright by American Honda Motor Co., Inc. and reprinted with

permission)



Permanent-Magnet Alternators
The permanent-magnet alternator is the most commonly used type of
AC generating system found on motorcycles and ATVs. Permanent
magnets are incorporated into the flywheel on the outside of the rotor
as illustrated in Figure 2B. With this design, the flywheel is fitted onto
a tapered crankshaft and is assured positioning by the use of a
Woodruff key.

The inner rotor permanent magnet pictured in Figure 2A isn’t
currently in use because of the high cost of the special permanent
magnet that’s required.

Excited-Field Electromagnet Alternators
Excited-field electromagnet alternators don’t use a permanent
magnet. Instead, they have a field coil which is energized with DC
current. The field coil becomes a powerful magnet and magnetizes
the rotor. Power is generated as the rotor spins past the stator.
Excited-field electromagnets are located in different outside areas of
the engine to help keep them cool. The rotor speed is generally
multiplied by gears or chains to increase the rotor’s speed of rotation.

The excited-field alternator is potentially the most powerful AC
generator available because of the high amount of magnetism that it
can create. This type of alternator is primarily used on larger
displacement motorcycles. There are two types of excited-field
electromagnet alternators (Figure 3).

� The brush-type excited-field coil has the field coil placed within
the rotor. Current flows through the brushes to the field-coil slip
rings. When current is applied, the rotor is induced
electromagnetically and becomes a very strong magnet.

� The brushless-type excited-field coil eliminates the maintenance
factor of the excited-field coil design by placing a two-piece
rotor around the inner field coil. When the field coil is
energized, the magnetic field magnetizes the rotor core. The
rotation of the magnetized core acts on the stator coils to
produce AC current.
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Alternator Maintenance
Problems seldom occur with alternators because they have few
moving parts. Servicing is generally not required except on
brush-type excited-field alternators. If a problem does occur on an
alternator, the problem may be due to the stator coil. Stator coils are
manufactured under very strict quality control and usually don’t fail
when they are new, but as a technician, you still need to be aware of
possible coil failures such as the following.

Open stator wire. If the stator wire is open, there is no AC output. In
this case, an ohmmeter will indicate no continuity (infinite resistance)
between the terminals.
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FIGURE 3—Brush-Type and
Brushless-Type Excited-Field
Coil Systems (Copyright by

American Honda Motor Co., Inc.

and reprinted with permission)



Shorted circuit. Diagnosis of a shorted circuit is a bit more
difficult. The symptom may simply be poor AC output performance
or low AC output when the engine is hot. Vibration or shock can be
the cause of such problems.

When checking the continuity of a stator, remember to isolate the
stator from the rest of the electrical system.

Road Test 1

At the end of each section of Charging and Ignition Systems, you’ll be asked to check your
understanding of what you’ve just read by completing a “Road Test.” Writing the
answers to these questions will help you review what you’ve learned so far. Please
complete Road Test 1 now.

1. What is used to produce AC in a motorcycle or ATV charging system?

2. Which type of alternator is the most popular system found on motorcycles and ATVs?

3. What are the two main components found in an alternator?

4. What are two problems that can occur in a stator coil?

5. Which type of alternator does not use permanent magnets?

6. Explain the difference between a permanent-magnet and an excited-field coil system.

7. On a permanent-magnet alternator, where are the magnets located?

8. True or False? It’s unusual to see problems occur with the alternator portion of a charging
system because it contains very few moving parts.

Check your answers with those on page 45.
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