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CHAPTER ONE 

Electrical Fundamentals 

LEARNING OBJECTIVES Mter studying this Chapter, you will be able to: 
1. Describe the process through which a generating plant converts a raw 

material into electrical energy. 
2. Relate the process of generating electricity from magnetism. 
3. Understand why some materials allow electricity to flow easily and why 

other materials are fair or poor conductors of electricity. 

• • • 
Electricity. Ask the average person to explain electricity, and you are 
likely to hear a brief description of a generating plant and a network 
of wires leading to homes and offices. For those not employed as a 
technician in the major appliance service field, a general explanation 
of an electrical generating station and distribution system would be 
sufficient. To function as a service technician, however, you'll need a 
complete understanding of how electrical energy is generated, how it 
is transported to the desired location, and how it is made to perform 
useful work. 

As a service technician, you will be required to troubleshoot 
electrical circuits and diagnose system malfunctions through the use 
of schematic diagrams. To perform these tasks effectively, you must 
be able to reconcile any questions that may exist in the back of your 
mind, such as "How is electricity really produced?" or "Why does 
copper conduct electricity but rubber does not allow electrical energy 
to flow?" 

Once you have answered questions like these and have eliminated 
any doubts about electricity, its fundamentals, and its relationship to 
the operation of major appliances, you will be able to function confi
dently as a service technician. You will not necessarily need to 
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CHAP. 1: ELECTRICAL FUNDAMENTALS 

review all the principles discussed in this section every time you're 
called to solve an electrical problem. But, after studying and under
standing the material that follows and filing it away mentally, you will 
eliminate any mysteries that would otherwise muddle the thought 
processes required for logical, step-by-step analysis of a malfunction
ing piece of equipment. 

1.1 PRODUCING ELECTRICITY 

Electrical energy begins at a generating station and, in simple terms, 
is defined as a form of energy that performs useful work when con
verted to light, heat, or mechanical energy. This definition should be 
easy for us to accept because we see it in action every day when we 
tum on a light, use a toaster, operate an automatic washer, cook with 
an electric range or allow electricity to make our lives easier in many 
different ways. 

The first question is, "How is it produced?" It's common knowl
edge that the electricity we use to operate appliances comes from a 
power plant and that a generator is used to produce the energy, but 
the answer involves a bit more than saying, "It comes from a generat
ing station." It will help you to view the electrical generating station 
as nothing more than a factory that takes a raw material, such as coal 
or oil, and changes the chemical energy in these materials into a 
another form of energy: electricity. 

Figure 1-1 illustrates, in its simplest form, the process of con
verting chemical energy into electrical energy. You'll note that, as you 
trace the process from its beginning (a mine supplying coal, for 
example) to its end, the energy takes six different forms. 

Heat 
Exchanger 

Coal 

r;::::::=.=~ 

Furnace 

Mechanical 
Shaft Energy 

Elecrical 
Energy 

Generator 

Figure 1·1. Converting chemical energy into heat energy, which creates steam. The high
pressure steam spins the turbine and mechanical shaft energy turns the generator. 
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CHAPTER TWO 

Alternating Current 
Fundamentals, Terms 
and Definitions 

LEARNING OBJECTIVES After studying this Chapter, you will be able to: 
1. Defme the method through which alternating current is generated. 
2. Define the tenns volt, ampeTe, resistance, and watt. 
3. Understand how Ohm's law is used to solve electrical problems and illus

trate the relationship between the three basic electrical units: current, 
voltage, and resistance. 

4. Understand how the cost of electrical power is calculated and use a step
by-step method to calculate the cost of operating an appliance. 

• • • 
z.I ALTERNATING CURRENT 

When working as an appliance service technician, you should devel
op the habit of looking for the manufacturer's equipment information 
tag as you begin servicing the refrigerator, washing machine, or what
ever it is you happen to be repairing. Experienced techs consult the 
tag for the model and serial numbers (especially if the appliance is 
under warranty) and look for the operating data of the item. One 
piece of information you'll encounter on the model tag relates specif
ically to the type of energy used to power the appliance. 

Terms such as 120 VAG or 240 VAG tell you the proper level and 
type of energy that must be applied for the appliance to operate prop
erly. VAG is an abbreviation for volts alternating current, and the 
numbers preceding the abbreviation tell you the proper voltage 
necessary for various pieces of equipment. 

A refrigerator, for example, operates through a power cord that 
is plugged into a standard wall outlet, the same receptacle into which 
you could plug a table lamp or an electric drill. A standard outlet of 

ll 
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J.Z CHAP. z: ALTERNATING CURRENT FUNDAMENTS, TERMS AND DEFINITIONS 

this type delivers 120 VAC to the item when it is plugged in. An elec
tric range or standard size electric dryer, however, requires a higher 
level of energy to operate. When consulting the equipment tag on 
items such as these, you'll find that 240 VAC is required. You'll also 
notice a big difference in the type of power cord (usually referred to 
as a pigtail) used on the higher voltage appliances. 

The source of all alternating current is the AC generator. As 
you'll recall from Chapter One, we said that electrical energy is gen
erated when a conductor is passed through the lines of force of a 
magnetic field. It is more correct to say that the conductor is rotated 
as it passes through the magnetic field. The problem with this 
description is that, for some, it brings to mind an image of a rotating 
wire-and then a question: "If the wire is rotating, why doesn't it get 
twisted?" This question is raised because it's common knowledge 
that the conductor is fastened tight to a connection that allows elec
trical energy to flow along the distribution system. The initial reac
tion to this description of a conductor rotating just doesn't fit with 
this lrnowledge. 

In practice, one way to apply the rotating conductor defmition is 
to provide some type of slip ring connection that would allow contact 
of the rotating portion of the conductor to the stationary port ion. 
Another more commonly used method is to let the conductor remain 
stationary and attach the magnets to the rotating portion of the gen
erator. Figure 2-1 illustrates this concept which eliminates the need 
for a slip ring method. Cutting the lines of force of the magnetic field 
is still accomplished when the magnets are connected to a shaft that 
is rotated through mechanical means. 

Once you have accepted the fact that electrical energy is gener
ated through the electromagnetic principle, understanding alternating 
current is easy. All alternating current generated in the United States 
is delivered to homes and offices at a rate (or frequency) of 60 cycles 

Magnetic Field 

Volts AJC 

Figure %·1. An elementary AC generator in which the con
ductor is fixed and the magnets are allowed to spin around the 
conductor. 
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CHAPTER THREE 

Electrical Distribution 
Systems 

LEARNING OBJECTIVES Aiter studying this Chapter, you will be able to: 
1. Understand why the electric company generates power at an extremely 

high level of energy when the level of power required by the consumer is 
much lower. 

2. Describe the method of construction of a step-up and step-down 
transformer. 

3. Identify the four basic current/voltage systems supplied to customers by 
the electric company. 

4. Understand how an electrical distribution system within a residence 
delivers power to various types of equipment. 

• • • 
~.1 ELECTRIC COMPANY POWER DISTRIBUTION 

Although we've discussed the theory behind the generation of electri
cal energy, you can't see the electricity. It would be easy to harbor 
some doubt as to whether or not the things we've talked about are, in 
fact, real. Despite any doubts about the generation of electrical energy 
because it can't be seen, we all accept the fact that electricity is 
something that can be felt, especially when we consider the high
voltage lines that connect our homes to the utility that supplies us 
with power. To grasp how the alternating current is transported from 
its point of origin to our homes, where it performs the useful work of 
operating major appliances, you need only recall the concepts dis
cussed in prior chapters. 

Figure 3-1 shows a typical generator you might see on a visit to 
an electrical generating plant, most of which have several such gener
ators. This one is approximately 5 feet high at its highest point, 8 feet 

23 
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24 CHAP. 3: ELECTRICAL DISTRIBUTION SYSTEMS 

Figure 3·1. A typical generator found in an electric plant. Most electrical generat
ing stations use several such generators to supply power to a service area 

wide, and 15 feet long. As you can imagine, a generator of this size, 
containing large magnets capable of a very strong magnetic field and 
accommodating many conductors, is capable of delivering a great 
amount of energy. 

In addition to using generators of large capacity, the electric 
company also uses another component, the transformer, to achieve 
the high level of energy (in many cases from 120,00 to 220,000 volts) 
that is necessary to service a surrounding community. A transformer 
is a device that receives a certain voltage at its primary winding and, 
depending on whether it is a step-up or step-down transformer, 
delivers either a higher or a lower level of energy from its secondary 
winding. 

Primary Winding --'" 

vvv ~-- Iron Core 

Secondary Winding ---J-'"~ 

Figure 3·:Z. A simplified version of a transf01mer. Note the difference in the 
number of turns of \vire in each \vlnding. 
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CHAPTER FOUR 

Electrical Components for 
Major Appliances 

32 

LEARNING OBJECTIVES Aiter studying this Chapter, you will be able to: 
1. Identify the different types of components used in refrigerators and 

freezers, laundry equipment, and cooking appliances. 
2. Differentiate between different types of heating elements used in various 

appliances. 
3. Identify a component as a switch or a load. 

• • • 
Now that you understand where electricity really comes from, as well 
as how it is transported from the point of generation and distributed 
throughout a residence, it's time to start applying this fundamental 
knowledge to the components used in major appliances. To benefit 
most from this unit, stay focused on the basic definition of electricity: 
a form of energy that performs useful work when converted to light, 
heat, or mechanical energy. 

When it comes to refrigerators, laundry, or cooking equipment, 
this basic definition applies on all counts. We use mechanical energy 
(motors) in several ways, and light for customer viewing of the prod
uct or as cycle indicators. We apply electrical power to a wide range 
of heating elements used in cooking equipment, dishwashing equip
ment, refrigerators, and electric clothes dryers. 

4.1 MOTORS 

As an appliance service technician, you'll be replacing motors of 
many different sizes and styles, used in a wide range of applications. 
Some motors will be small enough to fit in the palm of your hand, 
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SEC. 4.1: MOTORS 

Figure 4·1. An elementary electric motor. The magnetic field set up 
by the stator winding causes the rotor to spin. 

33 

and some will be so heavy and large that it will be a chore to hold 
them in place while you install them. Regardless of the size, style, or 
application, the first step in learning to troubleshoot and diagnose 
motor problems is to understand the elementary electric motor. 

Figure 4-1 shows the basic components of an electric motor and 
illustrates the basic concept (magnetism) behind its operation. 

As you can see, the two parts of our elementary motor are the 
stator (the section that stays in place) and the rotor (the section that 
rotates). Our rotor is really nothing more than a magnet and our stator 
is the section that contains electrical windings. The law of electrical 
charges (like charges repel and unlike charges attract) is what makes 
a motor operate. When electrical energy is applied to the stator wind
ings, a field of energy is set up, specifically an electromagnetic field. 

Electromagnetic is a key word for you if you fully understood 
our explanation of the generation of electrical energy in Chapter 
One. You'll recall we said that, when a conductor is rotated through a 
magnetic field, a form of energy is set up in the conductor. To under
stand electric motors, the theory you have to buy into is this: There is 
a direct correlation between the theory of electromagnetism creating 
a form of energy in a conductor and the conductor then creating its 
own magnetic field. 

This is illustrated in Figure 4-2. Drawing A shows a conductor 
positioned in a magnetic field in which rotation cuts the lines of force 
and sets up a form of energy that can pass along the conductor. Draw
ing B shows the energy passing along the length of the conductor and, 
as a result, creating a magnetic field that surrounds the conductor. 

To understand how the rotor section of a motor is made to spin, 
apply the theory of a magnetic field surrounding a conductor in the 
following manner: The stator of the motor is made up of an iron core 
around which is wound the conductor of a given diameter and length 
(quite long when you consider the number of turns in a motor winding). 
This conductor is energized with electricity because it has electrical 
current flowing through it. A very thin, very tough insulation surrounds 
the wire and prevents any electrical short that would occur when an 
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