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Preface

There has been a need for a text like Major Appliances:
Installing, Troubleshooting, and Servicing ever since the business
outgrew its infancy and progressed into an industry requiring thou-
sands of trained technicians. Now, due to technological advances in
the past decade, coupled with the regulations on refrigerant reclaim,
the need for such a text has intensified. The Association of Home
Appliance Manufacturers (AHAM) and the National Appliance Retail
Dealers Association (NARDA) are predicting a serious shortage of
qualified service technicians. The key word is qualified. As in any
trade, there will be people who will be “working at it,” but their per-
formance will be below industry standards.

In addition, many cities and states already have or are consider-
ing a certification process for major appliance service technicians.
Local or state certifications such as these would be apart from the
certifications required by the EPA in regard to the handling of refrig-
erants. Responsible associations and regulatory agencies consider
certification a necessity to ensure industry growth and to prevent
serious problems that lead to customer dissatisfaction. Focusing on
the challenges facing the appliance service industry, the text offers
an overview of the business through a “practical, applied approach,
to provide the learner with the necessary information to properly ser-
vice and install major appliances.

The philosophy behind the text is based on the idea that one
cannot be an effective service technician if basic concepts are not
fully understood. Everyone understands that electricity makes a
refrigerator or washing machine work. But unless you understand
where electricity comes from and how it does its job, you cannot fol-
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low a schematic diagram and effectively troubleshoot an electrical
circuit. If, as a service technician, you have not reconciled that funda-
mental laws of thermodynamics govern the operation of a refrigera-
tion system, your understanding of the heat transfer concept will be
forever shrouded in mystery.

Vocational instructors have long recognized that eliminating the
mysteries behind basic concepts is the foundation of technical educa-
tion and that a confident, able technician can only emerge after this
has been accomplished. For this reason, the text provides complete
information in regard to the basics of electricity and refrigeration
before attempting to apply these principles to the operating functions
of refrigerators, washing machines and clothes dryers, dishwashers,
gas and electric ranges, and microwave ovens.
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1.1

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.

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
turn 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

Elecrical

4 Energy

Mechanical
Shaft Energy

Coal

Generator

Furnace

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.





















CHAPTER FIVE

Using Electrical Meters
in Appliance Servicing

56

LEARNING OBJECTIVES After studying this Chapter, you will be able to:

51

1. Identify the different types of meters used in testing major appliance
components and in troubleshooting circuits.

2. Use various meters to measure voltage, amperage, and resistance.

3. Identify specialty meters used in major appliance servicing.

An appliance service technician can comfortably run eight calls a day.
In the course of that day, the chances of finding the same problem
twice are slim. On one call, you may have to determine whether the
voltage applied to the unit is correct. On the next call, you will have to
test a control on a dead unit to find out if it is allowing current to
pass, and you'll have to use an ohmmeter. Next, you may have to test
a motor on an automatic washer to make sure it is drawing the cor-
rect amount of amperage. And, to round out your day, you may have
to test an oven for the correct cooking temperature or troubleshoot
the high-voltage section on a microwave oven.

To accomplish these tasks, you'll have to be familiar with the vari-
ous types of meters used by technicians, and you'll also need a basic
understanding of their method of operation. There are more different
brands, types, and combinations of meters on the market than there are
different brands of major appliances, and selecting the meters you pre-
fer to use is a matter of personal preference and individual experience.

MEASURING VOLTAGE

Technicians frequently have to use a voltmeter (or the voltage section



SEC. 5.1: MEASURING VOLTAGE
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Figure 5-1. A typical analog-type meter used
by appliance technicians. Often referred to as a
VOM (volt/ohmmeter), it is used for measuring
voltage and resistance. (Courtesy of Simpson
Electric Co.)

on a multimeter) to test for proper voltage in a wall receptacle. Stan-
dard wall receptacles, such as the type you would plug a 120-volt
lamp into or a 240-volt receptacle used for electric range and electric
dryers, can be checked with a voltmeter. A voltmeter is also used
when troubleshooting an appliance for improper operation. On a
dishwasher, for example, that is not filling properly, a voltmeter can
be used to find out whether or not power is being delivered to the
solenoid of the water inlet valve.

A meter like the one shown in Figure 5-1 can be used for either
purpose. A meter of this type is known as an analog multimeter. It is
analog because it has a printed scale and because it uses a pointer that
moves in response to the electrical input being measured. It is called a
multimeter because, in addition to measuring voltage, it is capable of
measuring other types of electrical inputs (values) such as resistance.

Your inclination might be to be intimidated by a multimeter
when seeing it for the first time. There are several different scales
printed on the meter face, a selector switch that determines the func-
tion being used, and, in many cases, several different input jacks into
which your test leads may be placed, depending on which electrical
function you are using. Don’t be intimidated. All reputable manufac-
turers provide clear descriptions of a meter’s features and a concise
manual that explains how it operates.



CHAPTER SIX

Refrigeration
Fundamentals

LEARNING OBJECTIVES After studying this Chapter, you will be able to:

1. Describe the method by which the refrigeration process takes place in a
refrigerator.

2. Identify the components in a refrigeration system.

3. Trace the direction of refrigerant flow through a system.

There are those who argue that an appliance technician’s job is
to repair a refrigerator, not design one. That being the case, it's not
necessary to study the methods of heat transfer (often referred to as
the laws of thermodynamics) to be able to repair a refrigerator that’s
not functioning properly. While we’re in agreement that extensive
study in math and engineering is not necessary to become a compe-
tent technician, a firm understanding of the basics of how we move
heat out of a refrigerator cabinet is essential. Without this under-
standing, technicians can function to a certain degree. With it they
can function with far more confidence and, as a result, be not just
competent, but excellent.

Heat is a form of energy that cannot be destroyed, but it can
be transferred from place to place. The fundamental definition of
refrigeration is the transfer of heat from a place where it’s not want-
ed to a place where it's not objectionable. From your point of view as
an appliance technician, the place where the heat is not wanted is
inside the refrigerator; the place where it's not objectionable is out-
side the cabinet. As we go through this unit, keep one fundamental
idea in mind: We don’t put the cold into a refrigerator, we take the
heat out.
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CHAP. 6: REFRIGERATION FUNDAMENTALS

6.1 HEAT TRANSFER

Some basic laws of nature govern the transfer of heat. The first one
to be aware of is that heat always moves from a warmer surface to a
cooler surface. You could use some complex physics terms to
describe this process if your aim was to impress someone, but since
our goal is simply to make you understand how a refrigerator works,
we'll take the simple approach. If you were to park a black automo-
bile in the Arizona desert in the month of August, the temperature of
the hood of that car would probably rise to about 125° Fahrenheit. If
you were to then place your hand on the hood of that car, you would
definitely experience the transfer of heat from a warmer surface to a
cooler surface. Why? Your body temperature is normally 98.6°, and,
since you are cooler than the hood of the car, the heat would begin to
transfer from the warmer hood to your cooler hand.

To further illustrate this concept of heat transfer, imagine that
the same automobile is parked in Minnesota in the month of January.
If you were to place your hand on the hood of the car in this location,
you would again experience the transfer of heat from a warmer sur-
face to a cooler surface, except this time the heat would be moving
from your body to the car.

Another law of nature that governs the transfer of heat is that
heat may move in three ways: radiation, convection, and conduction.
Understanding each of these will make it easier for you to eliminate
the “mystery” behind the process of refrigeration.

Radiation FIormally defined, radiation is the movement of heat
through the air, which doesn’t heat the air, but instead heats solid
objects. The heating of these solid objects will, in turn, heat the sur-
rounding area. The simplest illustration of radiation is heat energy
from the sun. This heat energy passes through the atmosphere with-
out warming it up. But, as the heat energy comes into contact with
the earth, it warms its surface. This is, then, one method by which the
heat we need to take ouf of the refrigerator gets there in the first
place. It radiates in when the cabinet door is opened.

Convection The movement of heat through a fluid is called con-
vection. This term is important in the explanation of refrigeration
fundamentals for two reasons: First, it explains another method of
heat movement into the refrigerator cabinet (moisture in the air car-
ries some of the heat). Second, it explains why a liquid, such as a
pitcher of juice, is chilled when it is placed warm into the refrigerator
and is cooled by the surrounding air. Convection is also at work
when heat is transfered into or out of the fluid that we use inside the
coils of the refrigeration systern in the refrigeration process.

Conduction The movement of heat through a solid material is
known as conduction. This is best illustrated by putting one end of a



CHAPTER SEVEN

Refrigerator/Freezer

Servicing

LEARNING OBJECTIVES Atter studying this Chapter, you will be able to:

1. Identify the different types of compressors, condensers, and evaporators
used in various types of refrigerator/freezers.

2. Use a wiring diagram to identify components and trace the electrical cir-
cuit of a refrigerator/freezer.

3. Describe the different methods that manufacturers use in the construc-
tion of various styles of refrigerator/freezers to accomplish air flow and
food preservation.

If an appliance service technician makes ten calls in one day and
works on nothing but refrigerator/freezers, the chance that they
would all be the same in construction, specific method of operation,
and style would be, to say the least, slim. As a technician, you have to
contend with the fact that several different manufacturers of appli-
ances are in competition with each other. As a result, not only do dif-
ferences exist from one company to another, but manufacturers also
have to change their style of construction from one year to the next
to maintain their position in the industry. What this means to you is
that the 1982 Admiral side-by-side you repaired at 9 o’clock in the
morning doesn’t look the same as the one you'll be troubleshooting at
4 in the afternoon.

There are some basics that manufacturers can’t change. But, to
keep the new models coming year after year, a panel may be removed
in a different way, a fan motor might be mounted differently, or a
feature that appeared last year won’t appear on this year’s model.
Put this all together with the fact that all manufacturers have a prod-
uct line that ranges from a “bottom-of-the-line” apartment-style
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7.1

7.2

CHAP. 7: REFRIGERATOR/FREEZER SERVICING

refrigerator/freezer to a 28-cubic-foot side-by-side with an automatic
ice maker and a chilled water dispenser, and you've presented a chal-
lenge to the person who services appliances. Not only must you
become familiar with what is already out there, but you must also
keep up with the new developments that are bound to occur.

Studying a textbook or attending a trade school or college train-
ing program will give you the background you need to begin working
with refrigerator/freezers. The thing to realize, however is that, for
you to deal with the various situations as they arise, there’s no substi-
tute for field experience.

TYPES OF REFRIGERATOR/FREEZERS

Whether it’s built by Whirlpool, Amana, WCI, or General Electric,
there are three basic refrigerator/freezer categories of construction:
conventional, cycle defrost (sometimes referred to as automatic and
therefore confused with frost-free units), and frost-free. In addition
to the three basic categories, there are also variations in cabinet
styles, such as single-door, top-mount (a manufacturer’s way of say-
ing that the freezer is on the top and fresh food compartment on the
bottom), bottom freezer, and side-by-side. For these different types
of units to operate, variations of sealed system components and elec-
trical systems are used.

CONVENTIONAL REFRIGERATOR/FREEZER

The conventional unit, so named because it is the simplest of all
refrigerator/freezers, contains the sealed system components—the
compressor, condenser, and evaporator—in their simplest form with-
out any forced air or defrost systems. Its cabinet is known as single-
door construction because there is no separate freezer section door
outside the cabinet, only an inner freezer door. This type of unit is
often found in apartments and may also be supplied with mobile
homes. They can be as small as 9 cubic feet in storage capacity and
may range in size up to 12 cubic feet. As a general rule, anything from
13 cubic feet on up will be a two-door model unit.

The Basic Refrigeration Unit

An illustration of the conventional refrigerator sealed system is
shown in Figure 7-1. The picture shown is actually a page out of an
Admiral service manual from a 1976 model unit. Before you jump to
the conclusion that we're avoiding using state-of-the-art information,
consider what we said at the beginning of this chapter: you need to
be familiar not only with the new items that are coming out, but also
with what is already out there. In addition, we chose this illustration
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LEARNING OBJECTIVES

8.1

After studying this Chapter, you will be able to:

1. Identify the different styles of sealed systems used in food freezers.

2. Trace a simplified wiring diagram for a manual defrost and frost-free
food freezer.

3. Differentiate between the air flow patterns in a manual defrost and frost-
free food freezer.

4. Explain the door lock system used on domestic freezers.

5. Identify the method used to create a counterbalance system on chest
freezer lids.

Up to this point, we’ve discussed sealed refrigeration systems as they
apply to refrigerator/freezer combination units. While the same basic
principles of heat transfer apply in domestic chest and upright freez-
ers, some methods of design are not commonly found in refrigera-
tor/freezer units, but are more widely used on food freezers. The
average appliance technician will, in all probability, not work on
freezers as often as refrigerator/freezers.

TYPES OF FREEZERS

Food freezers and their design are easily understood when catego-
rized like refrigerator/freezers. A food freezer is defined as being
either a manual defrost model or a frost-free model. Chest-type
freezers, with the rare exception of one or two models equipped with
a supplemental heating element system that is energized by manually
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setting the cold control in the proper position, are classified as manu-
al defrost units. An upright freezer may be either a manual defrost
unit or a frost-free unit.

MANUAL DEFROST SEALED SYSTEMS

Some freezers may come equipped with a refrigeration system design
similar to those already discussed, such as a static condenser mount-
ed on the rear of the cabinet or a fan-cooled condenser. In some
cases, however, the sealed system design of the manual defrost freez-
er may appear as the system shown in Figure 8-1. In this case, the
condenser is not mounted to the rear of the cabinet, but instead is
spot-welded directly to the inner surface of the freezer cabinet.

With this style of design, the entire cabinet surface serves to dis-
sipate heat picked up by the refrigerant as it travels through the evap-
orator. Another differing feature on this style of sealed system design
is the yoder loop. As you can see from the drawing, the yoder loop is
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Figure 8-1. Sealed system on a manual defrost upright freezer. The condenser is attached to

the inner surface of the cabinet, and the evaporator serves as shelves.
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LEARNING OBJECTIVES After studying this Chapter, you will be able to:
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1. Apply the fundamental principles of refrigeration to a comfort cooling
system.

2. Differentiate between the different types of compressors used in window
A/C units.

3. Explain the purpose of an accumulator, a desuperheater, and a liquid
injection circuit on the refrigeration system of a window A/C.

4. Explain the air handling methods used in the operation of a window A/C.
. Identify the electrical components used in a window A/C.
6. Trace a simple electrical circuit from a window A/C unit.

(324

In this unit we will again be discussing heat transfer methods used in
a refrigeration system, but our focus will be on comfort cooling sys-
tems, specifically window air conditioning units. As an appliance ser-
vice technician, you'll be expected to be able to troubleshoot and
repair window A/C units. Some will be small enough for one person
to handle, while others will require a helper to gain access to the sys-
tem’s components.

Window air conditioners, also sometimes referred to as room
atr conditioners, will usually be found in sizes ranging from 4,000
BTUs up to 15,000 BTUs. Some manufacturers may offer units slight-
ly smaller or larger than this, but most of the appliance service tech-
nician’s work with window A/Cs will be confined within these limits.
Your customers will have (or at least should have) purchased a unit
of the correct size to match their needs, that is, to cool the room they
want to cool. You may find this type of unit installed in a window or
in a wall opening.
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9.1

Figure 9-1, The sealed system components of window A/C unil. As in refrigerators, the cap-
illary tube is used as a metering device, Some larger units may use multiple capillary tubes.
(Courtesy Fedders Corporation ).

WINDOW AIR CONDITIONER SEALED SYSTEMS

Ag already discussed, any refrigeration system contains four basic
components: compressor, condenser, evaporator, and metering
device. Figure 9-1 shows a simplified illustration of a window A/C
unit sealed system. In this drawing from a Crosley service manual,
the components are easily identified. Component #28 is the compres-
sor, while component #50 is the system’s condenser. Component #49
is the evaporator section of the system, and the metering device,
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Automatic Washers

LEARNING OBJECTIVES After studying this Chapter, you will be able to:
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1. Identify the components that make up the water system of an automatic
washer.

2. Differentiate between the various mechanical systems used by manufac-
turers of automatic washers.

3. Identify the electrical components used in an automatic washer.

4. Trace a simple electrical circuit on an automatic washer schematic.

When it comes to servicing laundry equipment, the appliance service
technician has to take a somewhat different approach to trou-
bleshooting and repair. When servicing refrigerators, for example, the
differences in design are subtle from manufacturer to manufacturer.
Once a technician learns the basic skills required, servicing many dif-
ferent makes and models is easily accomplished. But, when you
switch from one manufacturer to another when repairing automatic
washers, the differences in design of the mechanical and water sys-
tems are dramatic, and learning to repair a wide range of models
requires a great deal of field experience.

Certain constants can be applied to laundry equipment. Some
electrical components, such as water valves and motors, are fairly
simple. Once you learn about them while working on one machine,
you can apply that knowledge to repairing another type of machine.
But there are a lot of different methods of operation employed when
it comes to pumps, transmissions, lint filter systems, and even some
electrical components such as timers and lid switches.

To help you understand about automatic washers, we’ll first
offer an overview of the overall method of operation and discuss
some of the general differences between one manufacturer and
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Figure 10-1, Pumps. A representation of different pumps used by twe manufacturers, Whirlpool and Speed Queen. {Courtesy Gem Prod-
ucts, e,
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LEARNING OBJECTIVES After studying this Chapter, you will be able to:

11.1

1. Identify the electrical and mechanical components of a clothes dryer.
2. Explain the air flow system in a clothes dryer.
3. Identify the components in the ignition and burner system in a clothes

dryer.

4. Trace a simple electrical circuit in a clothes dryer.

Clothes dryers are simple in their design and construction, and they
do not require service as often as other major appliances. Just as
automatic washers have different systems that join together and per-
form a function, the clothes dryer has four different systems: electri-
cal, mechanical, air flow, and heat source. The heat source may be
electric heating elements or gas. In the event of gas, today’s dryers
can be converted from natural gas to LP with a few simple steps.
Regardless of the heat source, the mechanical, basic electrical, and
air flow systems will be the same.

ELECTRIC DRYERS

Standard-sized electric dryers operate on 240 volts, and gas dryers
require only a 120-volt circuit, plugging into a standard wall outlet.
Figure 11-1 shows a typical power cord (often referred to as a pigtail
in manufacturer’s service manuals) and the standard wall receptacle
you'll see on a standard size electric dryer. You may see a small
apartment-sized electric clothes dryer that operates on a standard
120-volt circuit, but standard-sized dryers that are expected to
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BE SURE TO INSTALL
STRAIN RELIEF

NEMA 10-30R

Figure 11-1. An electric dryer requires a 230-volt 30-amp circuit.
The power cord of an electric dryer is lnown as a pigladl, and the
receplacle is much different from a standard 116-voll receptacle

handle a full load froxm an automatic washer will require the higher-
voltage circuil.

In newer homes, the 240-volt circuit will be protected by a two-
pole circuit breaker while in older homes, you may find two plug-
type fuses used as protection on the electrical circuit. A standard
240-volt electrical circuit for an electric dryer will be rated at 30
amps. This higheramperage circuit is necessary because of the high
current draw of the resistance-type element used in electric dryers.
The resistance-type element is the nichrome wire type, often referred
to as a ribbon-type heater, and is similar in appearance to a heating
element in a toaster.

Figures 11-2 and 11-3 show two typical methods of mounting
a heating element in a clothes dryer. As you can see, some manufac-
turers such as General Electric and Maytag, mount the heating ele-
ment in a2 plenum located at the rear of the dryer cabinet, while
others, such as WCI (Frigidaire, Westinghouse, and Gibson) will
mount the heating element in a housing assembly on the base of the
dryer cabinet. In other cases, such as Whirlpool (Sears), you may find
the heating element in a heater box located behind a cover at the rear
of the dryer cabinet. As menticned, when it comes to laundry equip-
ment, manufacturer’s designs differ radically, but the basic perfor-
mance of the system is the same. In the case of a dryer, air is drawn
over a heal source, a motor tums a belt-driven drum to tumble the
clothes and operate the blower, and other electrical components
control the timing of the cycle and the operating teraperature of
the unit.

On older dryers, a pulley-to-pulley V-belt drive system was used
to accomplish the turning of the drum. Newer units, however, use a
much thinner belt that is routed around the entire circumference of
the drum. Figure 11-4 shows how the belt is used to tumble the drum.
An idler pulley is used to maintain tension on the belt.
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Electric Ranges

LEARNING OBJECTIVES

After studying this Chapter, you will be able to:

1. Identify the electrical components of an electric range.

2. Identify the different styles of electric cooking equipment and differenti-
ate between methods of construction.

3. Explain the method of operation of a self-cleaning oven.

4. Trace a simple electrical circuit in an electric range.

Beginning in the fall and throughout the winter, the appliance techni-
cian will find the number of calls on cooking equipment at higher lev-
els than in the summer months. The electric range, wall oven, or
cook top are among the types of cooking equipment that will require
service. While the positioning of switches and thermostats and some
differences in cabinet design may vary from one manufacturer to
another, the basic operation remains the same: We use electrical
energy and resistance elements to create heat. Controlling the opera-
tion of that heating element may be accomplished with variations in
the control switching through the use of different types of relays and
sensors. Or, in the case of surface units, they may be controlled by a
voltage-sensitive switch in one case, by a current-sensitive switch in
another. All electric ranges, regardless of design and manufacture,
require a 240-volt circuit for operation of the resistance heating
elements. A 120-volt circuit is rarely used for operation of a
resistance-type heating element. One exception may be on some
manufacturer’s smooth top units when applying power to the small
surface elements.
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Figure 12-1. The free-standing 30-inch
range is the most popular electric cooking
appliance. Other sizes are available. Smaller
units for apartments and larger units for the
customer who wishes to have them.

THE FREE-STANDING ELECTRIC RANGE

The free-standing range is the most common style of electrical
cooking equipment you’ll encounter as a service technician. The most
popular size is the 30-inch, model such as the one shown in Figure
12-1. This shows a standard oven that has four surface units and one
oven cavity, in which both the baking and broiling processes are ac-
complished. With this type of unit, the bake element is located at the
bottom of the oven cavity, and the broil element is located at the top.

Like an electric clothes dryer, the electric range requires a dif-
ferent receptacle, and a power cord known as a pigtail is used to
supply power to the unit. The range pigtail is similar in appearance to
the dryer power cord but must carry a higher level of energy since
the dryer operates on a 30-amp circuit and the electric range requires
a b0-amp circuit.

Figure 12-2 shows a typical electric range pigtail as it is connect-
ed to the main terminal block of the equipment. As you can see at the
top of the drawing, a reading of 240 VAC will be shown by a volt-
meter between points A and C. Correspondingly, points A and C at
the bottom of the drawing show where the power cord would plug
into the appropriate sections of the wall receptacle. You'll also notice
that a reading of 120 VAC will be accomplished from the neutral leg
to any of the two hot legs, identified as L1 and L2.

The higher voltage is required for operation of the surface units
and bake and broil elements. The lower voltage is used to power con-
venience lights, clock motor, and, in some cases, the signal lights
(sometimes referred to as pilot lights). The door locking motor or
locking solenoid on a unit equipped with a self-cleaning system may
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After studying this Chapter, you will be able to:

1. Identify the different types of gas ranges used in residences.

2. Explain the difference between standing pilot and electric ignition sys-
tems on gas ranges.

3. Identify the fundamental components in a gas range.

4. Trace a simple gas range wiring diagram.

At a distance of 50 paces it's difficult to differentiate between a gas
range and an electric range. The cabinet styles offered by gas range
manufacturers are the same as those offered in electric ranges.

As an appliance technician, you can expect to find gas range
repairs a relatively small part of your responsibilities. This is not due
only to the fact that fewer gas ranges are built, but also because
many gas ranges are simple in design and breakdowns don’t occur as
frequently. Older gas ranges are standing pilot systems, while newer,
more modern units will be equipped with an electric ignition system
for both the surface units and the oven burners. The most common
combinations—although not the only ones—consists of surface unit
burners ignited by a spark device and the oven burner ignited by a
glo-bar device such as the one you will find on a gas dryer.

The actual method of getting the unit into operation varies from
one manufacturer to another. Gas valves may be electrically operated
in some units (operating voltage varies); in other cases, the gas valve
may operate strictly on a pilot/heater pilot system and no electricity
is required for main burner ignition.
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Figure 13-1. The 30-inch gas range is the size found most often in homes
using a free-standing unit.

FREE-STANDING OVENS

The free-standing gas range, like the electric range, is most popularly
purchased in the 30-inch size, such as the unit shown in Figure 13-1.
Gas ranges may be fit into the cabinet work without worry that they
will do damage to the nearby wood materials due to the fact that they
are insulated and properly designed for their application.

What serves as a storage drawer on an electric range usually
houses the broiling tray on a gas range. The main oven gas burners
will, in most cases, be mounted under the panel that makes up the
bottom of the oven cavity. While in the bake mode, items placed on
the oven racks are heated by warm air circulating around the oven
cavity. In the broil mode, items mounted on the broiling tray are heat-
ed by a direct flame that is in close proximity. Some manufacturers
don't follow this pattern. In those cases, the broiling burner is mount-
ed to the roof of the oven cavity in the same fashion as the broiling
element in an electric range. When a unit of this type (both gas and
electric) is used for broiling, the manufacturer will usually specify
that the oven door must be left partially open.

Figures 13-2 and 13-3 show the typical construction methods
used in the gas range designed with two separate burners, one below
the oven cavity bottom for baking and the other burner mounted in a
position at the roof of the oven cavity for broiling.

In Figure 13-2, the bake burner is shown. The broil assembly is
shown in Figure 13-3. You'll note that this particular bake unit uses a
flame switch assembly. This means that this range uftilizes a standing
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LEARNING OBJECTIVES Aftter studying this Chapter, you will be able to:

1. Explain how food is cooked by microwaves.
2. Identify the basic components in a microwave oven.

Since the development of the microwave oven, one of the major
responsibilities of the appliance technician has been to explain the
operation of the appliance to the customer to convince them that the
unit is not a threat to their personal safety. The reason this situation
exists is due mainly to misinformation and false assumptions that
microwave signals generated by a microwave oven compares to
those signals used in military and powerful radar equipment.

In addition, signs posted in restaurants warning pace maker
wearers that a microwave oven is in use have contributed to the cus-
tomer’s unwarranted concerns about the safety of the appliance. In
theory, the signal generated by a microwave oven could disrupt the
electrical impulses that control a pacemaker, but the wearer would
have to be extremely close to the unit and there would have to be a
defect in the door seal.

Couple this information with the facts that pacemakers use a
frequency far from the the microwave oven signal and that pacemakers
are also shielded to prevent any outside interference from outside
sources, and you can shatter one of the myths surrounding the mys-
terious microwave oven.
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MICROWAVE OVEN THEORY

Microwaves are electromagnetic waves of radiant energy. To under-
stand how they accomplish the cooking process, you first have
to accept the fact that they exist. One common comparison to micro-
wave energy used in domestic ovens is the broadcast system used
in TV and radio systems. There are some similarities. Both sys-
tems use electrical energy to send out a signal in a radiant pattern
from its source, and both systems generate this signal on a given
frequency.

The difference in the two systems is that the broadcast signal is
received by a device, such as your radio or TV set, and it converts the
signal into sound or a picture. The signal in a microwave oven is used
to create friction, which in turn creates heat. The other thing to con-
sider, of course, is that the power level of the TV or radio broadcast
station is many thousands of watts, while the power level of a
microwave oven is only somewhere in the neighborhood of 400 to
1,200 watts depending on the model and the manufacturer.

The term hertz is important (discussed in the chapter on electri-
cal fundamentals). Hertz means cycles per second. When we talk
about broadcast systems and microwave ovens, we modify the term:
kilohertz, meaning thousands of cycles per second, and megahertz,
meaning millions of cycles per second. An AM radio station may gen-
erate a signal that operates at 50,000 kilohertz, 50,000 cycles per sec-
ond. A TV signal may be emitted at a frequency of 204 megahertz, or
in simple terms, 204 million cycles per second. This concept can be a
difficult one to comprehend—to think that equipment can generate a
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Figure 14-1. A microwave can be reflected by a shiny surface, passed through
glass, plastic, or paper and absorbed by other materials such as food and water.



CHAPTER FIFTEEN

Dishwashers

LEARNING OBJECTIVES After studying this Chapter, you will be able to:

1. Describe the basic method of construction of a dishwasher.

2. Identify the electrical components in a dishwasher.

3. Describe the basic method of operation of different brands of dishwashers.
4. Trace a simple electrical circuit in a dishwasher.

Appliance technicians will often be required to install as well as ser-
vice automatic dishwashers. The dishwasher change-out, replacing
an old unit with a new one, is the most frequent type of installation.
During a change-out, you'll be required to disconnect the power,
water line, and drain line from the old machine, unfasten it from the
underside of the countertop, then reconnect the water, drain, and
electrical supply lines to the new unit, and fasten it to the countertop.
Procedures in servicing specific models of dishwashers can vary as
widely as those in regard to servicing laundry equipment. The first
step in servicing them effectively is to establish an understanding of
basic components and apply your basic troubleshooting skills, using
common sense to solve the problems you find.

Construction methods vary. The most common method of motor
mounting is center-mounted with the shaft pointing up into the tub.
Seal assemblies are used to protect the motor. Some manufacturers
use a side-mounted motor, and one manufacturer (Maytag) has in
past years mounted the motor off to the side underneath the dish-
washer tub and used a belt-driven system.

While some things are different, things such as water valves,
timers, float switches, and door seals are the same in their basic
function from one manufacturer to another. And that’s true whether
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CHAP. 15: DISHWASHERS

it's DM (Design and Manufacturing) Company who builds units under
several different brand names such as Magic Chef, Admiral, some
Sears units and others, Kitchen Aid, Maytag or Whirlpool. The basic
method of operation—a wash cycle, a drain cycle, a rinse cycle, and
another drain cycle—is the same.

UNDERCOUNTER DISHWASHERS

The undercounter, or built-in, dishwasher is the most common unit
found in the home. Unlike the portable units, the construction of a
built-in is accomplished without an outer cabinet. The tub assembly,
which may be plastic or porcelain-on-steel construction, is mounted
to a frame that supports it along with the door and electrical com-
ponents. You may find a thin sheet of insulation around the outer
surface of the tub. The purpose of this is to absorb sound. Some manu-
facturers accomplish sound absorption by spraying a foam insulation
on the outer surface of the tub. Figure 15-1 shows a dishwasher tub
as it is mounted to its support frame.

Leveling feet on the bottom of the support legs of the unit allow
you to slide the unit under the counter, then raise the unit by adjust-
ing them. Some models come with small plastic wheels built onto the
back leg section. These allow you to wheel the dishwasher under the
counter by lifting up on the front of the unit. Once you have the unit
in place, adjusting the leveling legs will raise the unit up off the
wheels.

All built-in dishwashers, regardless of manufacturer, are de-
signed to fit into a standard cabinet opening. You'll find that some
type of angle bracket is used to fasten the dishwasher cabinet to the
underside of the countertop. Standard wood screws, short enough to
prevent damage to the counter surface, are used to join the cabinet to
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Figure 15-1. Dishwasher construction methods for both an undercounter
and a portable dishwasher are fundamentally the same.
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As an appliance technician, you will spend a relatively small percent-
age of your time servicing the sealed system on refrigerators and
freezers. While most of your time will be spent solving electrical
problems on various types of appliances and performing mechanical
procedures such as replacing pumps and motors, understanding
refrigeration systems and knowing proper service procedures is a
critical part of your job. It’s common for inexperienced technicians to
rush into working with the sealed system on a unit that is reported as
“running but not cooling” when in fact such a symptom could be
indicative of an electrical or air circulation problem. With that
thought in mind, we’ll go through a short review of the fundamentals
of refrigeration as covered in Chapter Six, while at the same time lay-
ing the foundation for the development of your troubleshooting skills
in regard to refrigeration systems. Refer to Figure A-1.

Compressor. This is a vapor pump that accepts a low-pressure
vapor and discharges it as a high-pressure vapor. A compressor may
be of the reciprocating (piston) design or a rotary type. Horsepower
ranges from a low of /.2 for smaller units to a high of Y: for larger
units such as side-by-sides or top mount refrigerators above 16 cubic
feet. (A bottom freezer of 16 cubic feet and above would also use a /s
HP compressor.)

A hermetically sealed compressor contains an electric motor
assembly, as well as the components that accomplish the compres-
sion of the refrigerant vapor. Other than an electrical failure, a com-
pressor can fail mechanically by seizing up, in which case it would
hum but not start, or there may be a valve failure. In this case, the
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Figure A-3. An illustration of the sealed system of one model of a Maytag
refrigerator. (Courtesy Maycor Corp.).

the pressure goes down. the low-side pressure reading on a normally
operating refrigerator that is already cooling and has cycled on and off
several times is fundamentally not affected by the ambient temperature.

For our discussion on sealed system troubleshooting, we'll be
covering the following specific problems:

System overcharge

Undercharge (no leaks, incorrect factory or field charge)
Undercharge (leak on the low side)

Undercharge (leak on the high side)

Partial restriction (high side)



APPENDIX B

Refrigerator/Freezer
Electrical Components

B.1 TEMPERATURE CONTROL

To maintain design temperature, all refrigerators and freezers must
have a method of initiating and terminating the refrigeration system.
The answer is a control that senses temperature, and then either
makes or breaks the circuit to the compressor and other refrigeration
components. Your customer may refer to it as the thermostat, some
technicians refer to it as the cold control, but most manufacturers
prefer to use the term temperature control.

The control itself is nothing more than a set of contacts that are
controlled by a sensing bulb charged with refrigerant. The sensing
bulb (sometimes referred to as a feeler tube or capillary tube) may
be fastened to the evaporator, as in the case of a conventional or
cycle defrost unit. Or it may be an air-sensing control, which is the
common method of operation in a frost-free refrigerator. From the
customer’s point of view, the control consists of a knob with num-
bers. From the technician’s point of view, it's a component with two
wiring connections, one for power into the switch and the other to
allow for power out to the cooling system components. A cutaway
view of a temperature control is shown in Figure B-1.

The sensing tube is charged with refrigerant. You'll recall that
there is a temperature/pressure relationship between refrigerants,
meaning that, if the temperature rises, the pressure rises and, when
the temperature drops, the pressure drops. This fundamental idea
applies to the temperature control. When the temperature of the
evaporator or the interior cabinet air temperature rises, the pressure
in the sensing tube rises, overcoming the spring pressure inside the
control body and allowing the contacts inside the control to make.
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Figure B-1. A temperatwre control is a switch that is activated by pressuwre
in its sensing tube.

When the temperature drops due to the work being done by the cool-
ing system components, the pressure in the feeler tube drops, allow-
ing the contacts inside the control body to break the circuit to the
cooling system components.

A temperature control can fail in one of two ways: Either it will
fail in the open position and fail to complete the circuit to the cooling
components, or it will fail in the closed position and fail to break the
circuit to the cooling components, even though the desired tempera-
ture has been reached. Failing in the open position, due either to loss
of charge in the sensing tube or to corroded contact points inside the
control, is the more common kind of failure. This failure results in a
customer complaint of “not cooling, not making any noise.”

When responding to this type of complaint, diagnosing the prob-
lem and testing the control can be accomplished as follows:

Step 1: Unplug the service cord from the receptacle. Failing to do this
could result in electric shock or tripping a circuit breaker when you
allow a hot wire to come in contact with the inner liner of the refrig-
erator if it happens to be of porcelain on steel construction.

Step 2: Remove the knob from the control. Most simply pull straight
off; some older models may require the removal of a screw through
the center of the knob.

Step 3: Remove the mounting screws that secure the control to the
inner liner, and pull the control out through the access opening or
remove the housing that surrounds the control.

Caution! Careful if you're working with a model that requires
removal through an opening in the inner liner. The opening may be
small, and it may require some twisting and turning to get the
control out through the opening. Take care not to damage the con-
trol or the liner.



APPENDIX C

Ice Makers, Ice Dispensers, and
Chilled Water Dispensers

C.1

The automatic ice maker has been a popular accessory in frost free
refrigerator/freezers for many years. Fundamentally, there are two
distinct styles of ice makers, the flex tray ice maker and the mold
style ice maker. In either case, they can be field installed by techni-
cians but in many cases they are installed at the factory. One excep-
tion to the field installed ice maker would be the flex tray type that is
designed not only to make ice but also to act as a timing device to ini-
tiate the defrost cycle. Whirlpool and Sears refrigerators may some-
times be found to use this type of ice maker control system.

In addition to the automatic ice maker, chilled water dispensers
consisting of a water tank for storage in the fresh food compartment,
a solenoid valve and connecting tubing are added features commonly
found on side by side refrigerators and some top mount models.

MOLD STYLE ICE MAKERS

The mold style ice maker, sometimes referred to as the Whirlpool or
Servel style of ice maker is mounted in the freezer section in such a
way that it is directly in the air stream from the evaporator fan. In
most cases, the wiring necessary to operate the unit is already built
into the refrigerator cabinet but with some models a field installable
ice maker kit comes complete with the wiring harness that you'll
have to install according to manufacturer’s instructions. A mold style
ice maker is shown in Figure C-1.

The component that works in conjunction with the ice maker is
the solenoid valve. Switches inside the ice maker assembly govern
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APPENDIX D

Refrigerator/Freezer
Cabinet Servicing

SN
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/
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REFRIGERATOR SECTION

Y

Figure D-1. Urethane foam insulation
(represented by the diagonal lines) is used
to prevent heat migration into the refrigera-
tor cabinet.
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REFRIGERATOR INSULATION

Most refrigerators manufactured today utilize urethane foam cabinet
insulation to prevent heat gain in the freezer and fresh food sections.
The insulation in the door panels is traditionally a fiberglass material,
although there may be exceptions. Using a fiberglass instead of foam
insulation in the door assemblies allows for easier replacement of the
inner door liners, should that become necessary. Styrofoam is also
used, usually as a divider between the fresh food and freezer com-
partments of a top mount refrigerator/freezer. Figure D-1 shows a
side view of a typical refrigerator/freezer cabinet that uses a foam
insulation between the inner liner and outer cabinet assembly.

One thing you should remember about servicing a unit with a
urethane blown-foam cabinet insulation is that the propellant used to
accomplish the insulation process is a CFC, containing the same
chemicals used in the refrigerant found in the refrigerator sealed sys-
tem. When using an electronic leak detector to find a refrigerant leak
in this type of unit, the leak detector can be “fooled” into reacting,
especially if you're tracing a possible leak on tubing that runs up into
the insulated cabinet.

The styrofoam insulation, such as that found as a divider
between refrigerator cabinet sections (show in Figure D-2), does not
cause the leak detector to render a false reading.



APPENDIX E

Installation Considerations
for Major Appliances
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DISHWASHERS

The dishwasher changeout is the most common appliance installa-
tion you'll have to accomplish as an appliance technician. The term
changeout means that an undercounter dishwasher is already in
place and cabinet work will not be necessary. The three things to be
considered in a changeout are the water supply line, drain line, and
electrical supply.

The minimum requirement for a water supply line is *s inch, in
most cases a soft copper rather than hard drawn copper is used. The
soft copper tubing allows for some flexibility in rerouting the water
supply line in the event that the water valve on the replacement dish-
washer is in a different location (on the right instead of the left side
of the machine, for example) or in a slightly different position.

In cases where the dishwasher was installed at the time the
home was built, the water line may be routed through the floor or
may come directly out of the wall. In cases where the dishwasher
was added later, the water line will most likely be teed off the hot
water line under the kitchen sink. Figure E-1 shows the three meth-
ods of routing water supply lines.

In either case, a separate shutoff valve should be used. In the
event that a water inlet valve sticks in the open position or must be
replaced due to solenoid coil failure, a separate shutoff valve on the
dishwasher supply line will eliminate the necessity to shut down an
entire area or the main water supply.

The dishwasher water inlet valve itself accepts a /2" male pipe
thread fitting. The final connection could be a sweat fitting, a flared
connection, or a compression fitting that uses a nut and ferrule.



Index

Accumulator, 83, 122

Air flow:
frost-free freezer, 114
room air conditioner, 126
side-by-side refrigerator, 102
top-mount refrigerator, 101

Alternating current, 11

Amumneter, 16, 66

Arapere, Andre, 15

Amps, 15, 19
measuring, 65

Atom, 4

Burner, gas dryer, 161

Burner, gas range, 187, 194
adjusting, 195

Buss bars, 27

Capillary tube, 72, 83, 228
raultiple, 121
Centrifugal force, law of, 4
Chilled water system, 286
Circuit breaker, 29, 30
testing, 61
Clothes dryer, console, 156
pigtail, 156
venting, 163, 295
Compressor, 71, 80, 226
motor winding test, 267
overload protector, 266
reciprocating (in window A/C), 122
rotary (in window A/C), 124
test cord, 268
Condenser, 72, 80, 227
fan-cooled, 97
static, 80

Conduction, 70
Conductor, 6, 9, 14
Continuity testing, 63, 90
Convection, 70

Cook top, 170

Cooling plate, 91
Current flow, 15, 34

Detergent dispenser, dishwasher, 219
Dew point compensator, 95
Dishwasher installation, 2

Door lock assembly, freezer, 114, 116
Door lock, oven, 184

Electrical substation, 26
Electric charges, law of, 3, 34
Electromagnetism, 3, 10, 33
Electromotive force, 17
Electron, 4

flow of, 6
Elements, bake and broil, 37, 39, 176
Evaporator, 72, 229

two-piece, 91-92

finned, 97, 99, 100

Filter/drier, 83, 228, 236, 244
Freezer, chest type, 108
upright, 107
Fuse, cartridge, 28
plug, 28

Gasket, magnetic door, 86, 288
Gauges, use of, 234

Generator, 24

Glow coil igniter, 162, 197
Grounded receptacle, 60

Heat absorption, 71
rejection, 71
transfer, 70
Heaters, defrost, 38, 42, 43, 97, 272
dishwasher, 221
low wattage, 38, 44
mold-style ice maker, 277
mullion, 95
Heat exchanger, 80 82
Heating elements, dryer, 43, 154
Hertz, 13, 14, 201
Hinge assembly, chest freezer, 116, 118
upright door, 117, 293

Ice maker, flex tray, 275

mold style, 282
Induction, 6, 17, 35
Inductive load, 21
Insulator, 6, 9

Kilohertz, 201
Kilowatt/Hr, 20

Lint filter, washing machine, 137

Magnetic field, cutting the lines of force of, 12

Magnetron tube, 203
Megahertz, 201
Metering device, 72
Microwave oven survey meter, 207
Microwaves, 201
Motors:
condenser fan, 36, 104, 274
dryer, 155, 158
elementary, 33
evaporator fan, 36, 273
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ice maker, 277

induction start/induction run, 35

PSC, 35, 131

run capacitor, 35, 36

shaded pole, 35

start capacitor, 35, 36

washing machine, 142
Multimeter, 57

Neutron, 4
Nitrogen, 236, 248
Nucleus, 5

Ohm, 16

Ohm, Georg, 16
Ohmmeter, 16, 56, 62
Ohm’s Law, 17

0Oil cooling loop, 91

Perimeter hot tube, 108

Polarity, 13, 568

Proton, 4

PTC relay, 264

Pump, washing machine, 135
vacuum, 243

Radiation, 70

Refrigerant:
boiling point of, 75
heat laden, 75
HEC-134A, 72, 252
leak detector, electronic, 244
recovery system, 256
R-12, 72, 252
R-22, 122

Refrigeration system:
access valves, 234, 247
overcharge, 240
undercharge, 242, 243, 246
restriction, 247, 248, 249, 250

with noncondensibles, 252
Refrigerator:
conventional, 78
cycle defrost, 91
cabinet shelf supports, 284
electrical supply, 292
frost-free, 97
insulation, 287
Relay, 51, 53, 79, 84, 262
Resistance, 16
Resistive load, 21
Rotor, 33, 34

Seal, main, washing machine, 139
Semiconductor, 8, 9
Silicon, 9
Single phase, 26
Siphon break, 140
Slinger ring, 127
Soldering, 254
Solenoid valve, 35, 40
Spin basket, washing machine, 138
Stator, 33
Stirrer, microwave oven, 208
Surface units, range, 41, 177
Swaging tubing, 254
Switch:
centrifugal, 158
door, 49, 50, 85, 218
float, 218
interlock, microwave, 208
surface unit, 178
water level, washing machine, 140

Temperature/pressure chart, 232, 233, 253
Thermodynamics, law of, 69
Thermostat:

bimetal, 47, 48, 157

defrost termination, 47, 102, 271

gas range, 191

oven, 45, 48
refrigerator, 46, 48, 84, 85, 259
room A/C, 130

Timer:
defrost, 52, 98, 268
dishwasher, 217
washing machine, 51, 145
wired for cumulative run, 102

Transformer, 24, 25, 30

microwave, 207

Transmission, washing machine, 140

Valence electron, 6
Valve, gas range, 193
Volta, Allessandro, 15
Voltage, 14
drop, 16
measuring, 56, 58
Volt/wattmeter, 67

Wall oven, 170

Washing machine console, 149

Washing machine, 141

Water inlet assembly:
dishwasher, 216

Water valve, ice maker, 276

Watt, 18

Wiring diagram:
chest freezer, 112
dishwasher, 218, 223
electric dryer, 164
electric range, 182
frost-free freezer, 115
microwave oven, 211
refrigerator, frost-free, 103
refrigerator, pictorial, 89
refrigerator, schematic, 87
upright freezer, 111

Yoder loop, 107, 108
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