
Study Unit

Troubleshooting
Electrical Systems



This is a study unit designed to teach the electrician or 
electrical service technician how to test, maintain, and 
troubleshoot residential, commercial, and light industrial
electrical systems, circuits, devices, and equipment.
Troubleshooting involves locating and repairing a problem as
quickly as possible to avoid inconveniences, costly delays,
and equipment downtime. A successful troubleshooting 
situation results from experience, knowledge, and proper
technique.

It’s impossible to describe every scenario an electrical 
troubleshooter may encounter; however, there are some 
reliable general methods that can be applied to most trouble-
shooting tasks. This study unit covers these methods.
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When you complete this study unit, you’ll be

able to 

• Define troubleshooting

• List the fundamental steps of electrical troubleshooting

• Apply the basic fundamentals of troubleshooting to 

electrical problems

• List the methods of approach applied in troubleshooting

• Apply the correct method of approach or a combination

of approaches to electrical problems
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1

FUNDAMENTALS OF 
TROUBLESHOOTING
In any troubleshooting task, there are fundamental steps you
should follow to successfully remedy the problem quickly and
thoroughly. These steps include

• Identifying the problem

• Understanding the system or equipment you’re 
troubleshooting

• Identifying the components in the system

• Testing the components in the system

• Repairing or replacing the components in the system

Let’s first define troubleshooting. Then we’ll take a closer
look at each of the fundamental steps used to successfully
troubleshoot any system, equipment, or component.

Defining Troubleshooting
Troubleshooting involves more than making something work
again, although that certainly is the desirable outcome. To
troubleshoot a system or process, you must compare its nor-
mal condition to its abnormal condition. To accomplish this
step, you must have an understanding of the normal and
abnormal conditions of the system or have someone present
who can accurately describe the normal and abnormal 
operating behavior. This step allows you to make a 
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comparison of the two conditions. The resulting comparison
actually serves as a tool in the troubleshooting process. This
is your first step in achieving the solution.

Once you have an understanding of the apparent difference
between the normal and abnormal states, you can begin the
steps needed to determine the possible causes for the abnor-
mality. One step involves testing the circuitry through the
use of schematics or other visual aids that graphically repre-
sent the flow of the current through the electrical system or
circuit. Once the circuit component or device that’s causing
the abnormality is located, the problem can be solved by
replacing or repairing it.

Identifying the Problem
Troubleshooting starts with a problem that the equipment
operator recognizes, most likely through a malfunctioning
process. Customer or operator feedback is by far the most
common form of communicating a problem in an electrical
system or process. As a troubleshooter, you must learn to 
listen to the customer’s or operator’s complaint. Too often,
untrained troubleshooters analyze a problem based on their
own perception of the system or process, not giving full atten-
tion to those who operate or experience the system or process
on a daily basis. Valuable troubleshooting input can be lost
due to poor listening skills. Troubleshooters should consider
good listening skills as a major tool for successful trouble-
shooting. Customers or operators may not always use words
or terms that technically describe the actual operation of the
system or process, but their descriptive explanations of
what’s going on as they see or hear it can be instrumental in
locating the problem and cause. Figure 1 shows examples of
customer or operator terms often used to describe a problem
and how the troubleshooter can use these descriptions to
narrow the troubleshooting process down to either control
circuitry or equipment problems. Questions a troubleshooter
might ask a customer or operator include

• Did this problem just start? 

• Is the problem worse or better if the weather is warm,
cold, dry, or damp? 
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• Has anyone tried to fix the problem before? 

• Was the person who attempted to fix the problem from
our company? 

In the examples shown in Figure 1, the troubleshooter
queried the customer or operator about the problem, and
therefore, wasn’t required to repeat the operation to get to the
point already experienced by the customer or operator. This
doesn’t mean that the troubleshooter shouldn’t discover what
happens when the problem occurs, as we’ll examine later.
Asking questions gives the troubleshooter valuable 
information that can be used as a starting point in the 
troubleshooting process.

Making use of nontraditional tools in troubleshooting, such
as listening skills, can help to locate and repair a malfunc-
tion. Another such tool is the documented history of service
calls on an electrical system, circuit, device, or equipment. If
you perform service work, you’ll find that service call records
are usually maintained. These records list the complaint and
the remedy. As a service technician, you should always check
the service call records for a location prior to making a service
call. Determine if the current problem matches a previous
problem. If so, note what was done to take care of the 
problem before.

Complaint Location of Problem

FIGURE 1—Paying close

attention to customer

complaints can aid in 

the first step of 

troubleshooting.

Probably in the

switch or control 

circuit

Probably in the

device or equipment

• It won’t turn on!

• It won’t shut off!

• It doesn’t work all the time!

• It gets very dim!

• It makes a funny noise!

• It smells funny!

• It smokes when I plug it in!

• It sparks or flashes!
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Recurrent problems in the same electrical system, circuit,
device, or equipment may indicate an underlying cause that
hasn’t been located or repaired. It may also suggest an
unsatisfactory repair or replacement on a previous call.
Likewise, documented notes from technicians who previously
worked on the system can serve as a useful tool in locating 
or determining the cause of the problem. If there were no 
previous service calls on the system or equipment, reviewing
the history of abnormalities on similar equipment can often
serve as a guide in directing you to a possible cause for the
abnormality.

Once you’ve heard the customer’s or operator’s complaint
and checked the history of the system or equipment, the next
step in identifying the problem should include using your
senses to inspect the system, circuit, device, or equipment for
obvious abnormalities. First, listen to sounds made by its
operation; then, check for unusual odors produced by the
equipment. If you can’t identify the problem, you may need to
test the electrical system, circuit, device, or equipment to
specifically pinpoint the abnormality found by the customer’s
feedback, history (if any), and observation. Figure 2 graphi-
cally illustrates the steps you may take to systematically
identify the problem or abnormality in an electrical system,
circuit, device, or equipment.

Understanding the System or
Equipment
If you don’t know how something works, you can’t trouble-
shoot it. This doesn’t mean that you must learn how to 
operate every system, device, or equipment that you’re called
upon to troubleshoot. But it does mean that you must under-
stand what the system or equipment is supposed to do.

You must know the maximum nominal voltage to which
you’re exposed in troubleshooting an electrical system, 
circuit, or equipment. If the operation of the system or 
equipment is beyond your scope of immediate knowledge, it’s
your responsibility to familiarize yourself with its operation
through reading appropriate manuals, reviewing wiring
schematics, questioning operators and other technicians or
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supervisors, and observing the operation. Never attempt to
troubleshoot a system or equipment without knowing what
the system or equipment does. Not only will you probably
have an unsuccessful troubleshooting outcome, but you
could also subject yourself and others to injury by inadver-
tently causing the equipment or system to operate when it
shouldn’t.

You must understand the circuitry associated with the 
equipment or system so that during testing and analysis, you
don’t energize a circuit when you shouldn’t. Don’t attempt to

FIGURE 2—To identify a

problem, follow these

steps.
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troubleshoot it until you’ve gained confidence by learning
about it. Then and only then should you proceed to the next
fundamental step in the troubleshooting process.

When troubleshooting rotating equipment, it’s vital that you
thoroughly know and understand the physical characteristics
of the equipment and its construction. You’ll also need to
know the principles upon which the equipment operates, and
the function it performs. If you aren’t clear about how a
machine works, then it’s unlikely that you’ll be able to 
diagnose the cause of the abnormality when it occurs. As 
a troubleshooting electrician or technician, it’s your 
responsibility to locate relevant information and apply it to
the problem. You can find relevant information in operation
and maintenance instructions or receive it from the operator
or owner of the system, device, or equipment.

Identifying the Components
Operating manuals, schematic drawings, and other printed
material are valuable tools when troubleshooting, but you
must also be able to locate the components listed in these
materials in the actual system or circuit. This process
requires the troubleshooter to be familiar with the component
symbols used in manuals, schematic drawings, blueprints,
and other reference materials and then to recognize the actu-
al component installed in the system or circuit. Symbols used
to represent components and devices aren’t always standard-
ized in the industry. The troubleshooter must have the ability
to determine what the symbol represents by its location or
association with other components in the system or circuit.
Motors, for example, may be represented by various symbols,
depending on who drew the schematics and the type of motor
represented. Figure 3 illustrates several symbols that may be
used in manuals or schematics to represent motors in electri-
cal systems or equipment. The figure isn’t a complete listing
but shows many symbol variations you’re likely to encounter
in schematics.
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Once you’ve identified the problem (but not
its cause) and understand the basic opera-
tion of the system or equipment, you must
locate the faulty area. Locating the faulty
area requires you to identify components
and mentally divide the system into func-
tional zones that can be checked for proper
operation. For example, if one room in a
house doesn’t have power and the problem
isn’t obvious, it’s normal practice in trou-
bleshooting to isolate the problem to either
the circuit protection for the room or the
branch circuit wiring to the room. You
must be able to identify the components
that make up the circuit protection and the
wiring to the room, not only on the print 
(if available) but also in the actual wiring
system.

For example, you may need to identify the
components in a system containing a 
blower motor controlled by a pressure
switch. Assume the motor won’t start. The electrical 
schematic may indicate a symbol for a pressure switch, but if
you’ve no idea what a pressure switch for this type of appli-
cation actually looks like, locating and testing the pressure
switch will consume a lot of valuable time.

Obviously, most troubleshooters can’t identify every 
component of every system or piece of equipment they may
encounter, but they should possess a basic knowledge of the
components and be able to identify the various common
devices in these systems. Figure 4 is a typical example of a
schematic that would normally be found in the service 
manual or attached to the frame of a window-type air condi-
tioner. The components are identified on the schematic by
symbols and identity tags.

As a troubleshooter on this system, you must know how to
identify each of the components and their location in the
actual system, including the compressor, fan motor, 
temperature control unit, mode switch, and the line cord,
before you can successfully locate and repair a problem. If

FIGURE 3—Shown here are typical symbols

used to represent motors. Like other compo-

nents, no one symbol is used universally to

represent motors in a schematic.
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you’re unfamiliar with the components and their primary
functions, you shouldn’t attempt to troubleshoot the 
system. This rule applies to troubleshooting any system or
equipment.

Not only must you know what you’re looking at in the system
or equipment, you must also be able to identify which com-
ponent or components might cause problems in the system
or equipment similar to the complaint you’re answering. In
referring to Figure 4, a trained troubleshooter should know
that a malfunctioning temperature switch or a defective mode
switch could directly affect the operation of the compressor.

FIGURE 4—Shown here is an example of a schematic for an air conditioner.
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The troubleshooter wouldn’t likely spend time troubleshoot-
ing any of the circuitry or equipment associated with the fan
motor if the complaint was that the compressor doesn’t start
and stop properly.

Testing the Components
The next fundamental step in troubleshooting, after locating
and identifying the components that may be part of the 
problem, is testing the components. There are basic testing
methods that can be applied to most troubleshooting situa-
tions. All electrical systems are a combination of many 
individual circuits whose components, wired in series or 
parallel, typically control some type of equipment. If the com-
ponents of the control circuit are functioning properly, then
the equipment will function properly, unless the equipment
itself is defective.

Electrical circuits or systems serve only one purpose: to
cause equipment to perform some type of work, typically the
production of light or power. Complaints that require trouble-
shooting aren’t usually directed at the control circuit or 
system, but at the equipment that actually performs work. As
a troubleshooter, you must determine if the problem is rooted
in the control circuit or system or in the equipment. This
determination is resolved through testing of both the control
circuit and the equipment.

The troubleshooter must establish key points in the system
where tests can be made. These points are selected in such 
a way to eliminate those areas that aren’t a problem. The
troubleshooter should continue to test key points until the
malfunction is isolated to one particular part of the equip-
ment or system. Once you’ve pinpointed the malfunction to a
particular circuit or area of a system, you can launch a more
thorough investigation. You can locate the particular circuit
or area of a system that’s malfunctioning by first checking
inputs and outputs of controlling devices or components,
rather than focusing on the equipment itself. Testing of the
equipment should follow testing of the control circuitry.



Troubleshooting Electrical Systems10

Figure 5 illustrates this troubleshooting fundamental much
more clearly. The diagram shows three motors connected in
an electrical system, with each of the motors driving a pump.
The pumps’ outputs are connected in a piping manifold
arrangement.

Let’s assume that all three pumps are needed for the process
to function properly and that the system’s operator knows
that the pressure gauge shown in the upper-right corner of
the drawing must always indicate a specified minimum pres-
sure. On this particular day, the gauge indicates a pressure
below that minimum pressure and the operator determines
that motor 2 isn’t driving the attached pump. You’re called to
troubleshoot the system. Upon arrival, you determine that,

FIGURE 5—Shown here is a multiple motor/pump system.
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indeed, motor 2 isn’t running but motor 1 and motor 3 are.
From this determination, you know that the problem isn’t in
the main disconnect since two of the motors are running.

You can also rule out any problems with the control 
components associated with motors 1 and 3. This leaves all
those components associated with the circuitry of motor 2,
including everything from the bottom of the main disconnect
to motor 2 itself. Where do you start? Even though circuit
conductors can become damaged and cause the motor to
stop, you shouldn’t spend valuable time in examining all
these components but should follow the fundamentals
learned in this study unit. These fundamentals suggest the
following steps:

1. Identify the problem as motor 2 not running.

2. Understand the system and the low-pressure problem as
explained to you by the operator.

3. Become familiar with the components of the system
(wiring, disconnects, magnetic starters, and motors). 

4. Test the components.

5. Repair or replace defective components. 

One testing approach might be to test input voltages and out-
put voltages on the components between the main disconnect
and the motor connections and either correct the defective
component or focus on the motor itself as the problem. We’ll
cover troubleshooting specific problems later in this study
unit.

The purpose of troubleshooting isn’t just to locate the mal-
function but also to find the cause. In the example shown in
Figure 5, if a blown fuse is found in the discount panel of
motor 2, simply replacing the fuse won’t suffice. You must
locate the cause of the blown fuse. In this situation, it’s sug-
gested that you replace the blown fuse, restart motor 2, 
and measure both the voltage and current of the circuit to
determine the cause of the blown fuse. Normally, fuses don’t
blow simply because they’re old, even though fuses, like 
any other device, can malfunction. Usually high current or
shorted circuits cause fuses to blow. You should thoroughly
test the complete electrical system associated with motor 
2 prior to packing up your tools and heading out the door.
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Odds are high that you or one of your fellow troubleshooters
will be returning to this location if you don’t determine what
caused the fuse to blow.

Repairing or Replacing Components
Defective components or equipment that cause malfunctions
must be repaired or replaced to complete the troubleshooting
process. The decision whether to repair or replace equipment
or components depends on many factors, including relative
downtime required and budget constraints in purchasing new
components.

Obviously, the quick and easy method would be to change
out the component or equipment; however, this isn’t always
the best practice. As an electrical troubleshooter, you should
avoid getting into the common habit of changing out parts or
components without justification. In the industry, people
whose only approach to troubleshooting is to change out
enough parts or components in the hopes of eventually
changing out the defective one are often referred to as “parts
changers.” This isn’t considered intelligent troubleshooting.
Besides being very costly, changing out parts represents a
very illogical approach to solving a problem, which will 
probably reoccur soon after all the parts or components have
been changed out.

Parts changers don’t follow the basic fundamentals of 
troubleshooting that we’ve covered or the methods of
approach that we’ll cover later in this study unit. Figure 6
illustrates the negative impact a parts changer could have on
cost and downtime if he or she doesn’t troubleshoot the sys-
tem properly. Referencing this figure, assume the complaint
was that the primary circuit breaker feeding the lighting
transformer tripped off and wouldn’t reset to on. Let’s retrace
the path the troubleshooter took in following the fundamen-
tals of troubleshooting in this scenario.

The troubleshooter did identify the problem (not the cause) 
as the circuit breaker tripped to off and wouldn’t reset to on.
The troubleshooter was very familiar with the lighting trans-
former system and how it worked. The troubleshooter was
able to identify the major components in this system and
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used an ohmmeter to check for short circuits at the three pri-
mary terminals to the grounded terminal on the transformer.
The test indicated a direct short on one of the terminals.
With these results, the troubleshooter assumed the trans-
former was defective and disconnected it, as shown.

Parts such as replacement lighting transformers aren’t 
usually readily available, as was the case in this scenario,
and have to be purchased. Downtime was significant but,
according to the troubleshooter, unavoidable, since one coil
of the transformer was shorted. When the new transformer
arrived, the electrician installed it in place of the defective
one and tried to reset the primary circuit protection. To the
troubleshooter’s surprise, the circuit breaker responded as
before; it wouldn’t reset!

A more experienced troubleshooter was called in to trouble-
shoot the system. Like the first technician, the second 
technician tested the terminals at the transformer and dis-
covered the same indications with the new transformer as on

FIGURE 6—A lighting

transformer was removed

from this system when

the actual problem was a

nicked conductor. 
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the old transformer. However, this troubleshooter went one
step further and disconnected the conductors from the 
transformer and then retested the system. The cause of the
problem was identified as a shorted primary conductor in the
flex conduit!

The only positive aspect to this scenario is that the customer
now has a perfectly good but expensive backup lighting
transformer that wasn’t in the budget. The misdiagnosis
resulted from the less-than-ideal troubleshooting techniques
applied by the first technician. Don’t let yourself become like
that first technician. Test and retest before changing out
major equipment or components.

Now, take a few moments to review what you’ve learned by
completing Self-Check 1.
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Self-Check 1
At the end of each section of Troubleshooting Electrical Systems, you’ll be asked to pause

and check your understanding of what you’ve just read by completing a “Self-Check” exer-

cise. Answering these questions will help you review what you’ve studied so far. Please 

complete Self-Check 1 now.

Indicate whether the following statements are True or False.

1. _______ To minimize downtime, it’s always best to replace any suspected component or

equipment without extensive testing, regardless of its size or cost.

2. _______ Operator or customer input isn’t important until after you apply the fundamental

steps of troubleshooting.

3. Which one of the following isn’t a fundamental step of troubleshooting, according to your

study unit?

a. Identifying the components in the system

b. Estimating the cost of the replacement equipment

c. Testing the components or equipment

d. Understanding the system or equipment

4. Besides locating the malfunction in a system or equipment, which of the following is also a

purpose of troubleshooting?

a. Finding the cause of the malfunction

b. Increasing your expertise in the usage of electrical test equipment

c. Adding to your knowledge in the operation of electrical systems

d. Creating job security by allowing future service calls on the same equipment

5. Troubleshooting consists of locating and repairing a problem as quickly as possible to avoid

inconveniences, costly delays, and

a. fault analysis. c. equipment downtime.

b. lengthy service calls. d. operator questions.

6. Comparing the normal condition to the abnormal condition in a system or equipment acts as a

_______ in the troubleshooting process.

a. catalyst c. loophole

b. deterrent d. tool

Check your answers with those on page 63.
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METHODS OF APPROACH IN
TROUBLESHOOTING
In this section of your study unit, you’ll learn that successful
troubleshooters employ a systematic process to locate the
cause of a problem and resolve it.

Methods of approach in troubleshooting can be classified into
two major groups: chance approach and logical approach. As
it sounds, the chance approach means the troubleshooter
tries something in hopes of fixing the problem. Two methods
that may be applied in the chance approach are randomly
selected methods and history-based methods. Randomly
selected methods are troubleshooting techniques that have
no apparent basis other than the troubleshooter’s hunch.
History-based methods rely on previous troubleshooting
encounters with the equipment or system, or other similar
equipment or systems. Likewise, the logical approach to 
troubleshooting can be subdivided into two methods of
approach: component-based methods and process-based
methods. In a component-based method, the troubleshooter
tests the continuity and operation of each component. In
process-based methods, the troubleshooter compares the
process that’s occurring now with the normal process.

The approach you take as a troubleshooter is dependent on
factors such as your experience, complexity of the system or
equipment, downtime limitations, and cost. A troubleshooter
with little or no experience shouldn’t rely on chance to
attempt to fix a problem. This is because haphazard adjust-
ments or replacements of components can cause much 
more serious problems to the system or equipment and to
operators or owners.

Logical approaches should be taken when the troubleshooter
lacks experience and when the system or equipment is 
complex in design. More experienced troubleshooters may
sometimes apply chance approaches to reduce downtime and
to avoid expensive parts or equipment replacement. However,
there’s no set rule to mandate what approach should be
taken. Each problem must be addressed on an individual
basis.
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To provide a better understanding on methods of approach,
we’ll examine and define each approach method in more
detail, providing examples and discussing when and how to
apply each method.

Chance Methods of Approach

Random Method

A random method of approach means that the troubleshooter
initially adjusts or replaces something in an attempt to fix
the problem. Although this approach method sounds less
than ideal, it can often provide instant success in electrical
systems having simple on-off control or very few components.
In a random approach, the technician or electrician uses
three of the fundamental steps of troubleshooting: identifying
the problem, understanding the system or equipment, and
repairing or replacing the defective part. In lieu of time-
consuming testing, the technician usually takes an educated
guess as to which component or part is causing the problem.
The troubleshooter then repairs or replaces the part without
confirmation through testing.

This random method isn’t usually effective or recommended
in systems that are comprised of many cause-and-effect
processes. In these systems, a change in one component
greatly affects other components. Taking a random trou-
bleshooting approach in a complex system may solve the
problem, but the troubleshooter will have no way of knowing
if the problem has been permanently repaired. A random
method of approach isn’t effective in systems controlled by
complex automated control circuitry.

Figure 7 shows some examples in which the random
approach method in troubleshooting may be effective. Note
that the simple systems illustrated contain no more than two
or three components each, with simple control. Also, note
that the incoming power is assumed to be functioning prop-
erly. The random approach is appropriate on each of these
systems because these actions don’t require any substantial
investment of time or expense. If, after performing random
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methods of approach on any or all three of the systems, the
problems aren’t resolved, then a more logical approach
method should be applied.

Sometimes electricians or technicians must combine both
random and logical approach methods of troubleshooting, 
as demonstrated in Figure 8A. This lighting system, with its
relatively simple design, would normally be approached 
using the random method in the dimmer and lighting circuit.
However, since the dimmer and the electronic ballast are 
specially designed devices that are more expensive than a
standard dimmer and rapid-start ballast, a more logical
approach method should be used if randomly replacing the
fluorescent lamps doesn’t fix the problem.

The example in Figure 8B shouldn’t be approached using a
random method of troubleshooting. This example is a 
complex system with many components of control. These
components could play an important part in causing the fan
motor not to run. A more logical approach, such as multi-
point testing, is required to properly troubleshoot this 
system. We’ll cover these logical approach methods later in
this section.

FIGURE 7—Random troubleshooting methods may be used in simple circuits, such as these.
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FIGURE 8—Shown here are examples of circuits for which random troubleshooting methods may not

be sufficient.
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History-Based Method

The history-based chance method of approach in trouble-
shooting is usually combined with the random approach
method. Adjustments or replacements are made without
extensive testing of circuits or system components or 
analyzing the process to determine the difference between
normal and abnormal conditions. However, the history-based
approach is somewhat more refined than the random
approach because the troubleshooter first researches the 
history of previous troubleshooting sessions on the system or
receives feedback from the customer. The troubleshooter then
applies random methods used on other similar systems in
hopes of correcting the malfunction. The history-based
approach can also be combined with logical methods on more
complex systems, which we’ll cover later in this section.

Figure 9 illustrates an AC split-phase motor with the rear
cover removed. The illustration in the circle of the drawing
represents the centrifugal switch mounted on the back of the
motor. The complaint with this motor is that the motor hums
but doesn’t start when switched on.

FIGURE 9—Shown here is

an illustration of an AC

split-phase motor and

centrifugal switch 

mechanism.
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An experienced troubleshooter who commonly answers com-
plaints on AC split-phase motors has experience with this
type of problem and would probably repair or replace the
switch contacts on the centrifugal switch assembly. Using his
or her recollection of similar problems, the troubleshooter
would most likely remove the rear motor cover and either
clean the contacts or replace the switch assembly before
attempting to restart the motor. If this random application is
successful, the motor will operate correctly. If the motor
doesn’t start when switched on, the troubleshooter should
proceed with a more logical troubleshooting approach to
locate the cause.

In this example, a history-based troubleshooting approach is
combined with a random approach. Random methods are
applied based on historical recall and not randomly trying
one thing or another in an effort to correct the problem. The
history-based approach method may be defined as applying
random adjustments or replacements based on previous 
success.

Logical Methods of Approach
Many complex electrical systems or processes shouldn’t be
approached using a chance approach of troubleshooting,
such as random or history-based methods. Troubleshooting
these systems requires a more logical method. Two typical
logical approaches are the component-based approach and
the process-based approach. We’ll first examine the 
component-based approach.

Component-Based Method

Approaches to troubleshooting are formed in the mind of the
troubleshooter and aren’t normally documented. How you
perceive the overall system determines how you approach it.

Typically, an experienced troubleshooter will approach a
multi-component system that’s malfunctioning with a 
component-based method of troubleshooting. Using this
method, the troubleshooter will probably test the continuity,
integrity, and operation of each component or piece of 
equipment in the system until finding the malfunctioning
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component. At that point, the troubleshooter may combine
this logical approach with a chance approach by randomly
adjusting or replacing a part in the complex components, or
the troubleshooter may choose to replace the complete 
component. Again, decisions about replacing or repairing
components depend on factors such as the troubleshooter’s
knowledge of the component, downtime limits, and/or cost of
replacement.

Figure 10 illustrates a system that would best be analyzed
using a component-based approach to troubleshooting. As
noted in the figure, the troubleshooter confirms the problem
as the motor not starting. The troubleshooter first pushes the
reset button, then rotates the switch between the HAND and
AUTO positions. These are random approaches to the 
problem. Unless one of these methods corrects the problem,
the troubleshooter would continue the process using the
component-based approach.

FIGURE 10—A compo-

nent-based approach

would be used to

troubleshoot this system.
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The troubleshooter may begin the component-based
approach by testing each of the fuses in the fusible discon-
nect. If the fuses are suitable, then the control circuit, the
motor overloads in the starter, and finally the motor would be
tested if none of the previous tests provided an answer to the
problem. If those components tested are normal, the wiring,
which is also considered a component in the system, should
be checked for continuity and shorts. Using a systematic
component-based approach to troubleshooting systems, such
as the one shown in Figure 10, allows the troubleshooter to
identify the malfunctioning component as well as latent 
(non-visible) factors that may contribute to future problems
in the system.

Process-Based Method

In electrical systems that control a process, sometimes the
only indication of a malfunction or defective component is
given by the operator of the process itself. When the process
is affected and immediate identification of the defective 
component isn’t possible, then the process-based approach
method should be used. Usually, the operator of such a sys-
tem notices an abnormality in the process and relays this
information to the troubleshooter, whose analysis will involve
comparing the process now occurring with the normal one.

Figure 11 shows part of a process controlled by several elec-
trical components. Two pumps are driven by motors that are
controlled by several electrical components. The components’
outputs are determined by process properties, such as flow,
pressure, and level. When troubleshooting a system like the
one in Figure 11, the troubleshooter shouldn’t use a random
approach because the system’s functioning depends on accu-
rate signals from its various components. Chance methods
may cause serious process disruptions or personal danger by
accidentally altering control signals. A precise process-
based approach should be taken until the malfunctioning
component or components are located, at which time a 
component-based approach may be used.
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In complex systems, such as the one illustrated, random
component replacement isn’t recommended because other
factors, such as failed or failing mechanical devices or acci-
dental operator error, can make electrical components appear
to be functioning improperly. Valves, pumps, and other
mechanical devices have a substantial rate of failure and
must always be considered before determining a cause.

Ideally, the troubleshooter should attempt to mentally break
the system into zones and identify each zone’s contribution to
the entire system. Once the troubleshooter understands each
zone’s role in the final process, then he or she may revert to
the component-based approach for each zone. If the trouble-
shooter doesn’t know or understand the function of each
zone, then a more experienced person should troubleshoot
this type of system.

FIGURE 11—A process-based approach may be used in this type of system.
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The electrician or technician performing troubleshooting
tasks on complex systems shouldn’t attempt to resolve the
problem without the help of a knowledgeable systems opera-
tor. Mechanical tasks, such as opening or closing valves, or
adjusting flow, level, or pressure controls, should never be
attempted by the electrical troubleshooter in any process.
The system operator should perform these tasks.

Complex electrical and mechanical systems can also be found
in residential and commercial settings. Figure 12 shows a
typical gas furnace system found in many homes. This sys-
tem contains several components that depend on process
properties, such as gas pressure, temperature, and airflow.

FIGURE 12—Shown here

is a gas-fired furnace with

electrical controls.
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Unfortunately, some technicians address this type of system
with a random approach, replacing parts until either the
problem is resolved or a more experienced HVAC technician
is brought in. This system should be broken into zones, just
like the previous industrial example. Two obvious zones are
the 120-volt system and the 24-volt system. The technician
should know which components require 120 volts and which
ones require 24 volts.

A troubleshooter must know the voltage supply of all compo-
nents in the system before attempting to troubleshoot any
system, especially dual-voltage systems such as this one.
Once the zones are established, the troubleshooter should
apply the component-based approach and test each of the
components.

Multibuilding apartment complexes, frequently serviced by
electrical troubleshooters, may present problems that require
a process-based approach. Figure 13 shows an electrical lay-
out for an apartment complex. If the problem is that Building
H has no power but the Complex Office does, you must
obtain information concerning the layout of the primary and
secondary feeder systems.

You shouldn’t begin the troubleshooting session by chance
methods. You should try to locate a representative drawing,
like the one shown in Figure 13. If no such drawing is readily
available, you may confer with maintenance or power-
company personnel who are more familiar with the layout.
For instance, if the problem is caused by a shorted under-
ground secondary cable from transformer T1 to Building H,
you wouldn’t locate the problem without a process-based
approach.
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Now, take a few moments to review what you’ve learned by
completing Self-Check 2.

FIGURE 13—Shown here is a layout of an apartment electrical feeder system.
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Self-Check 2
Indicate whether the following statements are True or False.

______ 1. When troubleshooting complex systems using the process-based approach, the 

troubleshooter should attempt to mentally break the system into zones.

______ 2. Methods of approach in troubleshooting can be classified into two major groups:

chance approach and component approach.

______ 3. In troubleshooting, a random approach requires a more substantial investment of time

than a process approach.

______ 4. Since troubleshooting approaches are formed in the mind of the troubleshooter, a 

troubleshooter will typically approach a multicomponent system that’s malfunctioning

with a component-based method of troubleshooting.

______ 5. The history-based approach method may be defined as applying random adjustments

or replacements based on previous success.

______ 6. If necessary, the electrical troubleshooter is expected to make all mechanical repairs in

faulty systems.

Check your answers with those on page 63.



Troubleshooting Electrical Systems 29

TOOLS, TEST EQUIPMENT, AND
SAFETY IN TROUBLESHOOTING
The fundamental steps and methods of troubleshooting we’ve
already discussed can be described as elements of trouble-
shooting theory. In this section, you’ll learn how to combine
these theories with troubleshooting tools, test equipment,
and safety methods to accomplish your mission of restoring a
system or equipment to its normal operating state. 

Tools
We’ve all heard that the proper tool should be used for the
task at hand. Electrical troubleshooting rules expand that
statement by insisting that the proper tool must be used to
safely and successfully troubleshoot a system or equipment.
Since we’ve already covered basic electrical tools in a previ-
ous study unit, we’ll focus here on the application of these
tools in electrical troubleshooting.

Screwdrivers and pliers, along with test equipment, make up
the toolbox of most electrical troubleshooters. Since electrical
troubleshooting tasks may include the repair or replacement
of standard electrical components, such as receptacles,
switches, lighting fixtures, and boxes, the electrical trouble-
shooter should always carry the proper tools for these tasks.
However, selecting and properly using these tools in electrical
troubleshooting tasks sometimes requires added instruction,
since many circuits or systems you’ll analyze may be 
energized.

When selecting a screwdriver for troubleshooting tasks, the
technician should choose one with a blade that properly 
fits the screw slot, as shown in Figure 14. Many electrical
troubleshooting tasks are performed on energized equipment
or near energized parts, so proper selection of tools is impor-
tant. Ideally, for single-slot screws in troubleshooting tasks,
the screwdriver blade should be slightly less than the full
length and width of the screw slot, as shown in Figure 14.
This feature prevents the screwdriver from accidentally slip-
ping out of the slot, possibly contacting energized parts or
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stabbing the troubleshooter in the hand. Taking the time to
locate the proper-sized screwdriver for the task demonstrates
the patience and mindfulness you’ll need to be a successful
and safe electrical troubleshooter.

Proper choice of pliers, cutters, and crimping tools is also
important to successfully complete any troubleshooting task.
When troubleshooting electrical systems or equipment, you’ll
use several different types of pliers. Diagonal pliers, shown in
Figure 15, often referred to as dikes, should be used only for
cutting copper or aluminum wire. Sometimes this versatile
tool is wrongly used for cutting bolts and other hard objects,
causing damaging indentation in one or both jaws, which
interferes with the proper cutting of wire.

Electricians, especially troubleshooting electricians, shouldn’t
lend any of their tools, especially to persons in other than
electrical trades. Only electrical tradespeople work with 
copper or aluminum wire. When other tradespeople ask to
borrow diagonal cutters, it’s usually to cut something other
than copper or aluminum wire. Electrical troubleshooting
tasks require that all applicable tools be in proper and safe

FIGURE 14—When troubleshooting, it’s important to use a properly fitting screwdriver.
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condition, so you can apply troubleshooting methods without
facing added complications created by poor-quality or dam-
aged tools.

Another type of pliers, shown in Figure 15, is the lineman’s
pliers. These pliers also have wire-cutting capabilities and 
follow the same protective guidelines as the diagonal pliers.
Unlike the diagonal pliers, lineman’s pliers have grooves at
the tip of the jaws, which makes them convenient for twisting
wires together when making splices. Inexperienced trouble-
shooters sometimes use the lineman’s pliers as a hammer,
turning the pliers on their side to strike the target. This
action often causes the hinged mechanism of the lineman’s
pliers to become flattened and distorted, permanently 
damaging the pliers and rendering them useless. So, even
though these hefty pliers outweigh most of the tools in a
troubleshooter’s tool pouch, it’s in your best interest to resist
the inclination to use this tool as a hammer or a striking tool.

FIGURE 15—These pliers

are used in electrical

troubleshooting tasks.



Troubleshooting Electrical Systems32

Also, avoid purchasing inexpensive, generic brands of line-
man’s pliers. These tools won’t provide the same continuous,
reliable service as those brands specially manufactured for
the experienced electrical troubleshooter. The quality of an
electrical troubleshooter’s performance typically reflects the
quality of his or her tools.

A third type of pliers, also shown in Figure 15, is the needle-
nose, or long-nose, pliers. These pliers are useful for bending
small wires around screw terminals and for working in close
or restricted places. These types of pliers are often equipped
with a set of cutting jaws and shouldn’t be used for any task
other than cutting small copper or aluminum conductors.
Long-nose pliers are frequently used in troubleshooting tasks
involving control circuitry and wiring, since this circuitry
usually contains conductors much smaller than in power or
lighting circuits.

Crimping pliers are also necessary for the troubleshooting
electrician. Figure 16 shows a type of crimping pliers com-
monly used in crimping tasks. This multipurpose device,
used for both crimping and stripping, usually costs less than
a simple crimping tool. However, when using a simpler
crimping tool, you must also have a wire stripper handy since
this tool has only one function. In this case crimp connectors,
like those shown at the bottom of Figure 16, must be used.
The multipurpose crimping tool has two different sets of jaws.
One is larger than the other to accommodate larger-barreled
connectors.

FIGURE 16—Shown here

is a crimping tool and

types of crimp connec-

tors. (Klein Tools, Inc.)



Troubleshooting Electrical Systems 33

You can crimp any other barrel-type terminal that fits prop-
erly into the jaws of a crimping tool. The selection of this type
of tool is usually based on the preference of the user, but you
should always use a crimping tool to compress the barrels
onto the conductors. You should never use diagonal or line-
man’s pliers to attempt a crimping task. Attempting to use
cutting-type jaws for crimping will damage the connector or
terminal as well as the conductor and won’t form a safe 
connection. Crimping tool jaws are designed to indent the
metal of the terminal or connector barrel into the metal of the
conductor, thus creating a secure connection. Using cutting-
type tools for crimping damages both the metal of the barrel
connector and the conductor, creating a very weak, fragile
connection that’s likely to break with the slightest movement.

Test Equipment

Continuity Testers

Test equipment includes continuity testers and multimeters.
Continuity testers don’t indicate levels of voltage, current, or
resistance. They only indicate whether a continuous, closed
path exists in a circuit or conductor.

There are generally two types of indications used in the
design of continuity testers: audible and visible. An audible
continuity tester is used to check continuity in conductors or
circuits and indicates the presence of continuity by energiz-
ing some type of audible device, like a buzzer or horn. This
process is often referred to as ringing out aconductor or 
circuit. Visible continuity testers, on the other hand, usually
indicate the presence of continuity by lighting some type of
lamp and are commonly used in environments where audible
indicators may not be heard. Both types of continuity testers
are powered by some type of dry-cell battery or batteries.
Their total voltage is equal to the operating voltage of the
audible device or lamp. The conductor or circuit being tested
for continuity provides the return circuit path to close the
circuit to the tester through grounding the other end of the
conductor or circuit.
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Continuity testing requires the circuit or conductor to be 
de-energized, locked, and tagged out, since a low-level DC
voltage (from the tester’s battery supply) is being sent
through the conductor or circuit being tested. Attempting to
test for continuity on an energized circuit usually results in
the destruction of the continuity tester, possible injury to the
user caused by the tester disintegrating, or potential electri-
cal shock or electrocution from the line voltage.

Some troubleshooters construct their own continuity testers
using a battery supply and either an audible device, such as
a buzzer, or a visible device, such as a lamp, as shown in
Figure 17A. This type of continuity tester is acceptable.
Remember that continuity testing is never performed on an
energized circuit or conductor. Penlike continuity testers are
also available, as shown in Figure 17B, and provide a quick
and convenient way to test bundles of wires by easily 
touching the pointed probe to the ends of the individual 
conductors. Continuity testing is the simplest level of trouble-
shooting for identifying the majority of malfunctions.

FIGURE 17—Homemade and manufactured continuity testers are used to indicate whether a continu-

ous, closed path exists in a conductor or circuit.



Troubleshooting Electrical Systems 35

Multimeters

Volt-ohm-milliammeters, commonly referred to as VOMs,
measure voltage, resistance, current, and other quantities.
The ammeter portion of the VOM is used to measure current.
Most ammeters measure current in ranges less than 10 mil-
liamperes and are connected in series with the load being
measured, as shown in Figure 18A. To read levels of current
greater than 10 milliamperes, it’s necessary to have a shunt
in series with the load being measured and connect the
ammeter across the shunt to measure the resulting 
voltage drop proportional to current flow, as illustrated in
Figure 18B.

FIGURE 18—Ammeter

connections measure 

current. 
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VOMs used to measure large values of current up to 30 amps
are constructed with internal shunts. Meters used to meas-
ure current values in excess of 30 amps have the shunts
located outside the meter, due to the heat generated by the
shunt. Extreme shunt heat can destroy the meter. When
ammeters are constructed with shunts, the ammeter actually
derives the current value by measuring the voltage drop
across the shunt and, through internal calibrations, convert-
ing the voltage drop into a current value using Ohm’s law.

According to OSHA standards CFR 1910.331–335, you must
be qualified to troubleshoot energized circuits or systems and
have documented training that qualifies you to work on ener-
gized circuits or electrical systems. When using the voltmeter
portion of the VOM on energized circuits or systems, you
must connect the meter leads in parallel with the circuit
component being measured. Figure 19 shows an example of a
digital VOM in which the readout is in the form of a digital
display instead of a meter movement (dial and pointer).

FIGURE 19—Shown here is an example of a digital VOM.
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Though one of the fundamentals of troubleshooting you
learned previously is that the troubleshooter should know the
level of voltage he or she is exposed to in the circuit or sys-
tem, you should always set the voltage range on the meter to
its highest range. Troubleshooting involves looking for the
cause of malfunctions, which may include voltage levels
exceeding normal values. Never assume that the voltage level
to be measured is going to be the level expected. Set the
meter to its highest range and gradually decrease it until the
meter reads normally.

The VOM shown in Figure 19 has a maximum DC voltage
range of 1000 volts and an AC voltage range of 750 volts. If
you suspect that the system or circuit you’re about to trou-
bleshoot exceeds these ranges, you must not use this range
of meter, and you must also be qualified to work on these
higher levels of voltage. Subjecting electrical meters not
designed for high levels of voltage or amperage to these high-
er levels can destroy the meter and possibly cause injury to
the user.

The ohmmeter portion of a multimeter measures the resist-
ance of a circuit or component. Continuity tests can also be
performed using the ohmmeter, allowing the troubleshooting
electrician or service technician the convenience of having all
primary meters in one package. However, the calibrated
resistance ranges that are part of the ohmmeter portion 
of a VOM are specifically designed to read precise levels of
resistance, which is a necessary measurement when 
troubleshooting combinations of electrical and electronic
systems.

Resistance testing must be performed only on de-energized
circuits or systems. As with other functions of the VOM,
always set the resistance range to the highest value.
However, lower-than-required resistance range settings don’t
have the same user dangers associated with them as do
ammeter or voltage settings. This is because the circuit or
system being tested is de-energized. Setting the resistance
range to the highest range level at the onset of testing, then
reducing it as required not only prevents possible pointer
damage when using meter movement-type instruments, but
also demonstrates good troubleshooting practices.
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Safety
Electricity has become such an integral part of our society
that it’s often taken for granted. However, electricity remains
a very dangerous hazard for people working on or near it,
especially troubleshooters. The three electrical hazards asso-
ciated with troubleshooting are electrical shock, arc-flash
burns from contact, and arc-blast impact from expanding air
and vaporized materials usually inhaled into the lungs.

Although many electrical circuits or pieces of equipment
don’t directly pose serious shock or burn hazards by them-
selves, many are found adjacent to circuits with potentially
lethal levels of energy. Even a minor shock can cause a 
troubleshooter to rebound into a lethal circuit or cause the
troubleshooter to drop a tool into the circuit. Involuntary
reaction to a shock may result in bruises, bone fractures,
and even death.

The effects of electrical current on the human body depend
on several factors, including circuit characteristics (current,
resistance, frequency, and voltage), contact and internal
resistance of the body, the current’s pathway through the
body (determined by contact location and internal body
chemistry), duration of contact, and environmental condi-
tions affecting the body’s contact resistance. In reviewing
Ohm’s law, illustrated in Figure 20, recall that the lower the
resistance the higher the current.

Current is what causes injury and death in an electrical
shock. Body resistance can be lowered by fatigue, heat, 
alcohol consumption, and other factors, including body
chemistry. Each human body varies in resistance. Figure 21
shows resistance values for an average human body. These
values represent averages and don’t indicate the true resist-
ance values for every human body. In this example, if the
person were to come in contact with a 120-volt circuit and
the resistance values were as indicated, the current traveling
through the body would equal 120 milliamperes. 
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In Table 1, we can see that for men a much lesser value of 
23 milliamperes causes painful and severe shock with
breathing difficulties and loss of muscular control. An even
lesser amount of 15 milliamperes causes the same symptoms
in women. A flow of 120 milliamperes through the heart of an
individual could easily cause death.

FIGURE 20—This illustra-

tion represents Ohm’s

Law.

FIGURE 21—Illustrated

here is the concept of

body resistance and the

effects of current on the

human body.
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One of the most common scenarios is for the troubleshooter
to work on a circuit or system with one hand while the other
hand is resting or propped on a grounded structure. Often
this is done without giving much thought to the circuit path
provided by the human body should the working hand con-
tact an energized part. This position provides a direct path
through the troubleshooter’s heart area. Awareness is the key
to electrical safety. As a troubleshooter, you should always be
aware of the potential of electrical shock and the path your
body is providing. Avoiding the shock hazard potential and
eliminating the body path are two key elements in safely
troubleshooting energized systems or systems that present
the potential of electrical shock.

Electricians and service technicians must be aware of and
practice the rule of always working on systems, circuits, or
equipment in the de-energized state with locks and tags in
place. OSHA electrical standard NFPA70E – Part II Ch. 2-2.1
states that, in order to be considered qualified to work on or
to troubleshoot a particular electrical system, circuit, or
equipment, the person must be trained in, and know the 
construction and the operation of the system, circuit, or
equipment. The person must also be trained to recognize and
avoid the electrical hazards that may be present in the sys-
tem, circuit, or equipment. The standard continues by stating

Table 1

THE EFFECTS OF ELECTRICAL CURRENT ON THE BODY

Effects

Current, mA

Alternating Current

60 Hz

Men Women

Slight sensation on the hand 0.4 0.3

Perception of slight shock, response is to let
go 

1.1 0.7

Shock, not painful and no loss of muscular
control

1.8 1.2

Painful shock, muscular control lost by 50% 9 6

Painful shock, response is to let go 16 10.5

Painful and severe shock, breathing difficulty,
muscular control lost

23 15
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that he or she must be familiar with the proper use of special
precautionary techniques, personal protective equipment,
insulating and shielding material, and insulated tools and
test equipment.

Each troubleshooting situation may require different types of
precautionary techniques, personal protective equipment,
and insulated tools and test equipment. The troubleshooter
must familiarize him or herself with each of these techniques.
Keep in mind that a person may be considered qualified with
respect to certain systems or equipment but unqualified,
based on this OSHA standard, for others. Those considered
qualified with respect to a certain system or equipment must
have a minimum training that includes the following:

The skills and techniques necessary to distinguish exposed
energized parts and conductors from other parts of electric
equipment or systems. To accomplish this requirement, the
troubleshooter must revert back to one of the troubleshooting
fundamentals covered earlier in this study unit. He or she
must be familiar enough with the system, circuit, or equip-
ment to be able to distinguish energized parts from other
parts, and if not, shouldn’t attempt to troubleshoot the 
problem.

The skills and techniques necessary to determine the nomi-
nal voltage of exposed energized parts. Again, this represents
another troubleshooting fundamental—knowing the nominal
voltage levels that exist in the system, circuit, or equipment.
No testing should be performed, including voltage level 
testing, until research has revealed the voltage levels that 
one may encounter in the system, circuit, or equipment. Not
knowing what levels of voltage are present can be very haz-
ardous by exposing the troubleshooter to voltage levels that
exceed the safe-distance approach, which we’ll cover next,
and the test equipment to over-range voltage levels.

The approach-distance limitations, based on the system 
voltage. Certain rules and regulations must be adhered to
when troubleshooters are determining what’s a safe distance
from an exposed energized circuit conductor or part. Table 2
lists approach distances to exposed energized electrical con-
ductors and circuit parts based upon voltage and certain
conditions.
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OSHA Standard NFPA 70E – Appendix A-1-2 further explains
the many columns attached to this table. The complete table
(partial table shown) lists nominal voltage levels exceeding
750kV, but, for the purpose of training troubleshooters and
not high-voltage electricians, we’ve limited the table to
include nominal voltage levels not to exceed 36 kV. Those
distances listed under “Flash Protection Boundary” indicate
safe distances that a person should maintain from the volt-
age source in order to be protected from flash burns if a fault
(short) does occur. If that safe distance boundary is crossed,
appropriate flash-flame protection equipment must be uti-
lized. If a person crosses the “Limited Approach Boundary,”
he or she must be considered qualified per OSHA standards
as covered earlier, to perform the troubleshooting task or job.

Crossing the boundaries listed as “Restricted Approach
Boundary” and “Prohibited Approach Boundary” requires
extensive procedures, such as having a documented and
approved plan, approved justification to work on or near the
system or equipment, and the use of proper protective 

Table 2

APPROACH DISTANCES AND CORRESPONDING VOLTAGES

Nominal

System Voltage

Rating

Phase-to-Phase

Flash

Protection

Boundary

Limited Approach Boundary

Restricted

Approach

Boundary

Prohibited

Approach

Boundary

Exposed

Movable

Conductor

Exposed

Fixed Circuit

Part

Includes

Standard

Inadvertent

Movement

Adder

Includes

Reduced

Inadvertent

Movement

Adder

Energized Part to Troubleshooter Distance in Feet and Inches

300 V and less 39-00 109-00 39-60 Avoid Contact

Over 300 V, 
Not over 750 V

39-00 109-00 39-60 29-00 09-10

Over 750 V, 
Not over 2 kV

49-00 109-00 49-00 29-20 09-30

Over 2 kV, 
Not over 15 kV

169-00 109-00 59-00 29-70 09-70

Over 15 kV, 
Not over 36 kV

199-00 109-00 69-00 29-100 09-100

Note: For higher nominal voltages, see NFPA 70E, Table 2-3.3.5.
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equipment. It’s the responsibility of the troubleshooter to
review the OSHA safety standards listed in the appropriate
sections prior to troubleshooting any electrical system, cir-
cuit, or equipment where potential electrical hazard exists.

The decision-making process necessary to determine the
degree and extent of the hazard and the personal protective
equipment and job planning needed to perform the task safe-
ly. Should hazards exist and the safe-distance boundaries are
going to be crossed, the troubleshooter must be able to deter-
mine the hazards that exist by crossing the boundaries and
the proper personal protective equipment necessary, and he
or she must have the ability to plan and submit the proper
documentation to accomplish the troubleshooting task suc-
cessfully and safely.

Safe work practices in troubleshooting require common
sense. For your safety, don’t wear articles such as rings,
watches, necklaces, bracelets, and other conductive acces-
sories while troubleshooting. Even though you shouldn’t rely
on the construction of your footwear to insulate you from
earth ground, you should make it common practice to wear
shoes especially designed for electrical work, with rubber-
type soles and heels and without nails used as fasteners.
Wearing long-sleeve shirts and having available approved
rubber gloves with leather outer gloves is also a safe 
troubleshooting practice. If potential head injury hazards
exist, hard hats rated for electrical work must be worn.

Now, take a few moments to review what you’ve learned by
completing Self-Check 3.
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Self-Check 3
1. Two key elements in safely troubleshooting energized systems or systems that present the

potential of electrical shock are avoiding the shock hazard potential and 

a. wearing steel-toed shoes. c. eliminating the body path.

b. developing a plan. d. repairing random components.

2. _______ testing is the simplest type of troubleshooting test and results in the identification of

the majority of malfunctions.

a. Process c. Component

b. Current-level d. Continuity

3. If a person crosses the Limited Approach Boundary, he or she must be considered _______

per OSHA standards to perform the troubleshooting task or job.

a. qualified c. trained

b. in violation d. skilled

4. What demonstrates good troubleshooting practices when using a multimeter to measure

resistance?

a. Setting the resistance range to the lowest range level at the onset of testing

b. Reducing the voltage level of the circuit or system to be measured

c. Setting the resistance range to the highest range level at the onset of testing 

d. Wearing protective lineman’s gloves when measuring resistance

5. The three electrical hazards associated with troubleshooting electrical systems, circuits, or

equipment are electrical shock, arc-flash burns from contact, and _______ impact from

expanding air and vaporized materials usually inhaled into the lungs.

a. environmental c. shrapnel

b. arc-blast d. heat-blast

6. Using an audible continuity tester to check continuity in conductors or circuits is known as

a. a hearing test. c. bell dinging.

b. visible testing. d. ringing out.

Check your answers with those on page 63.
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APPLICATION OF 
FUNDAMENTALS AND 
METHODS IN TROUBLESHOOTING
The fundamental steps and methods of approach provide a
troubleshooter with a systematic plan rather than a haphaz-
ard approach when addressing a problem or complaint.
Applying these steps and methods translates to diagnosing
the cause of the problem and restoring the system, circuit, 
or equipment to its normal operation. We’ll work through
applying these fundamentals and approach methods, giving
examples of problems in three areas of electrical systems
commonly requiring electrical troubleshooting: residential,
commercial, and light industrial.

Heavy industrial troubleshooting requires the same knowl-
edge of the fundamentals and applications of approach 
methods. It also demands skills and expertise in understand-
ing the more complex systems, equipment, and processes
found in heavy industrial environments. We won’t cover
heavy industrial troubleshooting in this unit.

Residential Applications

Residential Example 1

The reported problem is that the outside security light 
doesn’t come on.

Fundamental: Identify the problem or complaint.

Action: The outside security light doesn’t come on.

Fundamental: Understand the system or equipment.

Action: Observe the fixture. Is the light operated by a
motion detector, photocell, or a switch?

Fundamental: Identify the components.

Refer to Figure 22.
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Action: If the fixture looks similar to the one shown in
Figure 22A, your knowledge of outside lighting will tell
you that the fixture is operated by a photocell that turns
the lamps on with darkness and turns them off with light.
If the fixture resembles the one shown in Figure 22B, you
should be able to identify the device in the center of the
fixture as a motion detector, which turns the lights on
with a sense of movement and off with the lack of motion.
Figure 22C represents a fixture that’s probably controlled
by a switch located inside the house or one that may be
controlled by a remote sensor located somewhere else on
the premises. These are questions you must provide
answers to before proceeding with your troubleshooting
process.

FIGURE 22—Shown here

are examples of outside

lighting with various

methods of control.
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Fundamental: Test the components.

Action: In troubleshooting the photocell-controlled fix-
ture, you may cover the cell for a few minutes to test its
operation. The motion detector could be tested by waving
your hand directly in front of the cell to check its proper
operation. Of course, on the switch-controlled fixture, you
would operate the switch.

Fundamental: Repair or replace components.

Action: If your tests indicated a faulty control device,
your next step would be to replace the device.

Method of approach: Since this is a simple lighting 
system, you may use the random method of approach
combined with a simple component-based approach, 
testing for the presence of line voltage and the proper
operation of the control device and the lamps. Even
though this simple troubleshooting task appears to be one
that’s performed without much consideration, it still fol-
lows the trouble- shooting fundamentals and applies the
best methods of approach for the situation.

Residential Example 2

A homeowner heard a snapping sound in the electrical panel
and now neither the cook top or the ovens work.

Fundamental: Identify the problem.

Action: Ask the homeowner what the noise sounded like
and where it was heard. In this case, the noise was 
located in the interior electrical panel. Opening the panel
door verifies the noise complaint as a tripped 50-ampere,
double-pole circuit breaker, as indicated in Figure 23.

Fundamental: Understand the system or equipment.

Action: Determine what the 50-ampere double-pole
breaker supplies. You should follow the fundamentals and
not attempt to reset the circuit breaker until you under-
stand how the system is wired. You learn that the branch
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circuit protected by the tripped 50-ampere breaker is a
tapped circuit that supplies more than one piece of 
equipment, which is permitted by the NEC, as long as the
branch circuit is sized accordingly. This tapped branch
circuit is illustrated in Figure 24.

Fundamental: Identify the components.

FIGURE 23—Shown here is an example of a distribution panel, showing a tripped

50-ampere double-pole breaker.
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Action: Locate and identify the three appliances supplied
by the tapped branch circuit. Locate the junction box that
holds the tapped connections. You now have identified
and located all the components of this system that could
cause the problem.

Fundamental: Test the components.

Action: Since the breaker tripped, your next step would
be to test each of the appliances for obvious short cir-
cuits, then check the tapped connections. If the problem
still exists, test the branch circuit conductors and circuit
breaker.

Fundamental: Repair or replace components. 

FIGURE 24—A tapped branch circuit supplies three cooking appliances.



Troubleshooting Electrical Systems50

Action: If one of the appliances is causing the problem,
you should repair or replace it. Even though it isn’t rela-
tively common for circuit breakers to wear out, sometimes
they do. If this is the case, replace the circuit breaker.

Method of approach: This is a situation where you 
might combine a history-based approach method with a
component-based logical method, first checking records
for previous service calls on this system and asking the
customer if the circuit breaker has tripped before. You
should then check and test each component in the system
until the cause is located.

Even though we’ve covered only two scenarios in these resi-
dential examples, all electrical troubleshooting should follow
the same structured process. Until you become experienced
in routinely applying the fundamentals combined with 
the correct method of approach, it may be necessary to 
periodically refer to these fundamentals and methods to 
train yourself in using this systematic process of successful
troubleshooting.

Commercial Applications
Troubleshooting problems and complaints in commercial
environments must follow the same fundamental steps and
methods of approach as those in residences. However, logical
methods of approach are often more effective than random
methods when dealing with the more complex systems that
exist in commercial environments. Let’s apply these funda-
mental steps and methods to several commercial examples.

Commercial Example 1

Figure 25 represents a section of a warehouse facility. The
complaint is that approximately one-third of the fluorescent
fixtures in the facility won’t operate.

Fundamental: Identify the problem.

Action: Walk around the facility and observe the location
of the fixtures that aren’t operating.
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Fundamental: Understanding the system or equipment.

Action: Talk with the maintenance or electrical depart-
ment and ask what the nominal voltage of the lighting
system is, or determine the nominal voltage by examining
the voltage marked on one of the lamps in the fixtures. In
this case, you’ve learned that the general lighting operates
on 277 volts.

Fundamental: Identify the components.

Action: Locate a lighting schematic or electrical drawing,
if possible. If no drawing is available, follow the conduit/
conductor path to the electrical source. Locate and identi-
fy the lighting transformer, main breaker, and distribution
lighting panel that supplies the affected lighting system.

FIGURE 25—Shown here is a three-phase commercial lighting layout.
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Fundamental: Test the components.

Action: Obviously, all the affected fixtures don’t have
faulty lamps. Test the voltage level on the line and load
side of the primary main breaker. Test the secondary volt-
age from the lighting transformer. Test the voltage on all
branch circuit breakers.

Fundamental: Repair or replace components.

Action: In this case, the cause was found to be a faulty
(open, not shorted) winding in the lighting transformer.
Since it was open and not shorted, it hadn’t tripped any
breakers but was supplying only two 277-volt hot legs in
the lighting distribution panel. This fault was found when
the voltage test was performed on the secondary side of
the transformer. Either the defective winding may be
removed from the transformer and replaced as shown in
Figure 26, or the complete lighting transformer may be
replaced, depending on factors such as availability and
downtime.

FIGURE 26—The defective winding has been removed from this lighting transformer.
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Method of approach: Chance methods of approach
couldn’t be applied in this situation since the only indica-
tion of a problem was that 1/3 of the lights weren’t lit. The
only method of approach that a troubleshooter should use
in a situation such as this would be the component-based
approach, with systematic testing of each component.

Commercial Example 2

The owner of a small grocery store complains that the food in
the freezer section is thawing while the refigeration unit runs
constantly.

Fundamental: Identify the problem.

Action: Visually inspecting the overall system reveals a
severely frosted or frozen evaporator coil.

Fundamental: Understand the system or equipment.

Action: Further examination of the system identifies an
electric defrosting component that’s controlled by a time
clock. This type of defrosting system, in conjunction with
the evaporator fan, should control the problem of a frozen
evaporator coil. The cause of the problem could be a
defective evaporator fan, a defective time clock, a burned-
out defrost heater, or faulty circuitry associated with
these components.

Fundamental: Identify the components.

Action: Figure 27 represents a component drawing of the
type of system you’re troubleshooting. Often, this type of
drawing, along with a connection schematic, is attached
to the freezer unit. Before initiating any tests, you should
familiarize yourself with each of the suspect components
and be able to point to and identify each component in
the system. If you can’t do so, you shouldn’t attempt to
troubleshoot this system until you’re familiar with the
components.



Troubleshooting Electrical Systems54

Fundamental: Test the components.

Action: To test the components, you must know each
component’s function and normal state. Figure 28 is a
schematic of the systemrepresented in Figure 27. To prop-
erly use the schematic in testing the components that
may prevent the defrost system from operating normally,
you should begin your tests by testing the protective
devices, such as the fuses in series with the defrost
heater.

Other components that may require testing in this system
are the defrost heater element, defrost contactor and 
coil, time clock, defrost terminator switch, system thermo-
stat, and all associated wiring. Your testing should be
sequential, first testing the defrost heater fuses, then
those components that directly control the contactor coil,
and finally the heater element itself. It’s suggested that all
components be tested to identify the underlying cause of
the problem.

Fundamental: Repair or replace components.

FIGURE 27—Shown here is a one-line diagram of a freezer with electric defrosting.
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Action: Blown fuses are usually indications of another
problem and shouldn’t be considered as the underlying
cause of the malfunctioning system. Continue to test all
components until the faulty component is identified, then
proceed in repairing or replacing the faulty components.
Blown fuses can be replaced or circuit breakers reset, 
but power shouldn’t be restored to the system until all
suspect components have been tested and repaired 
or replaced if defective, followed by a retest of all 
components.

FIGURE 28—Shown here is a wiring schematic of a freezer system with electric defrosting.
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Method of approach: In this type of situation, the 
troubleshooter would be wise to apply a combination of
history-, process-, and component-based approaches.
Checking the history of problems with this system may
reveal important information that will shorten the 
troubleshooting process by immediately pointing to 
suspect components, which then could be examined by
applying a component-based approach. If no problem his-
tory exists on the system, either documented or indicated
by the owner, then the process-based approach method
must first be applied to identify the suspect components.

Without taking a process-based approach first (assuming no
history of problems), the troubleshooter may resort to using a
random method in component testing and waste valuable
time in restoring the freezer to its normal operating condition.
Although taking these logic-based approaches may seem
unwarranted, in complex systems such as this one, logical
approaches may save valuable time by focusing the trouble-
shooter’s attention on suspect components and not the entire
system.

Light Industrial Applications
Troubleshooting electrical problems in industrial settings
usually requires additional skill because of the complexity of
the processes controlled by the equipment. It isn’t unusual
for industrial settings to have complex processes intercon-
nected through various control systems. These systems turn
motors on and off, start conveyor belts, regulate fluids, 
and control many other functions associated with the 
manufacturing process. The following example illustrates a
light-industrial troubleshooting application that utilizes the
fundamental steps and basic methods of approach you’ve
learned.

Light Industrial Example 1
The operator in a small processing plant complains that
Pump 2 won’t run in auto position, causing two of the tanks
to overflow unless he manually controls Pump 2. Figure 29
represents a section of the process, including Pump 2.
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Fundamental: Identify the problem.

Action: With the operator’s assistance, verify that Pump 2
doesn’t run in the auto position by turning the switch to
the Auto position. Also verify that it runs in the manual
(also known as the hand) position.

Fundamental: Understand the system or equipment.

Action: Unless you have access to a drawing similar to
the one shown in Figure 29, ask the operator how the
system works and if the system normally runs with all 
the switches in the auto position or if some of the pumps
normally run in the hand position. Mentally break the
system down into sections by focusing only on the motor
that won’t run in Auto position. Don’t let yourself become
overwhelmed with all the control wiring, but think of the
complete system as individual circuits that connect to
form one larger circuit.

FIGURE 29—This is a layout of a light-industrial manufacturing process.
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Important note: Always keep in mind that in industrial sys-
tems, pump motors, conveyors, and other equipment can be
controlled by devices that may or may not be located in the
immediate area of the motor or equipment being controlled.
Never assume that the circuit can’t become energized or that
the equipment can’t start. Until you truly understand the
industrial process that you’re about to troubleshoot, don’t
begin the hands-on portion of troubleshooting. Under-
standing the system or equipment is a troubleshooting 
fundamental step that can’t be skipped or minimized.

Fundamental: Identify the components.

Action: Once you understand what controls the 
associated motors or equipment, physically locate 
each of these components in the system. In this particular
scenario, there are only three motor controllers and three
level switches that may be the cause of the problem.
Locate and identify each of these components and their
relationship to the system before beginning any tests of
the components.

Many times the electrical or maintenance department has
control schematics for particular systems even though a
process flow drawing, such as the one shown in Figure 29,
doesn’t exist. Figure 30 shows a simple schematic for the
system having the problem. Note that each motor is directly
controlled by a level switch when the magnetic starter is
placed in the auto position. If you don’t have access to this
type of schematic, you’ll be required to trace the circuits to
determine how each of the motors is controlled.

Fundamental: Test the components.

Action: Remember that the original problem was stated
as “Pump 2 motor won’t run in the auto position but does
run in the hand position.” Focus on this problem. Other
problems may be present, but, to successfully address
related problems, you must first address the original
problem to prevent yourself from getting off track from the
original complaint. In this case, you can logically rule out
a problem with the motor since it will run in hand. Focus
your testing on the control system, including the magnetic
starter and level switches.
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FIGURE 30—Shown here is an electrical schematic of the process system shown in Figure 29.
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The magnetic starter directly controls the motor’s opera-
tion in the hand position but receives a remote signal
when placed in the auto position to cause the coil to
become energized and start the motor. Rule out any prob-
lems with the magnetic starter components and wiring by
testing these components before proceeding to test the
device that sends the signal to the magnetic starter, in
this case, Level Switch 2.

Level switches receive their signals to open or close 
circuits from changes in levels in the process being moni-
tored. You should test the operation of the level switch to
determine its operability. If the operating condition of the
magnetic starter, level switch, and all associated wiring is
normal, then the cause of the problem isn’t electrical 
but process-related and must be addressed by those
responsible for the process.

Fundamental: Repair or replace components.

Action: Replace or repair those electrical components 
that are the cause of the motor not running in the Auto
position, and retest the system or process. If the cause of
the problem rests in the process and not the electrical
components, demonstrate to those responsible for the 
correct operation of the process that all the electrical 
components have been tested and determined to be in
normal operating condition. It’s your responsibility as a
troubleshooter to confirm that electrical components
aren’t operating properly.

Methods of approach: There’s no chance method of
approach applied to this type of problem other than a his-
tory check, which may reveal previous process problems.
Apparent electrical problems or complaints in processes
such as this one require logical methods of approach.
Once all troubleshooting fundamentals are followed, the
process-based method of approach is applied to break
down the system into workable sections. Then the compo-
nent-based approach is used to determine the operating
condition of the components in the affected section. If 
all components test normal in that section, the 
troubleshooter goes back to the process-based approach
to verify that the problem exists in the process and not 
in the components.
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Unfortunately, many times electrical troubleshooters are put
in the position of determining if a problem is truly electrical
in nature or due to an error in process or an inadvertent
operator or owner mistake. This may be the case in residen-
tial, commercial, or industrial settings. Although complete
knowledge of the process or procedure of the system or
equipment isn’t required to successfully troubleshoot it, you
should understand the process reasonably well. No one other
than the troubleshooter is in the position to determine if 
the problem is indeed electrical in nature or involves a mal-
function of the process or operator/ owner error. Therefore,
the troubleshooter must also have the ability to successfully
communicate his or her validation to the operator, owner, or
customer. This communication is referred to as customer
relations.

Now, take a few moments to review what you’ve learned by
completing Self-Check 4.
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Self-Check 4
Indicate whether the following statements are True or False.

______ 1. The motion detector can be tested by waving your hand directly in front of the cell to

check its proper operation.

______ 2. Logical methods of approach are often more effective than random methods when

dealing with the more complex systems that exist in commercial environments.

______ 3. One of the key fundamentals in light industrial troubleshooting is understanding how

the process operates.

______ 4. Cleaning the system or equipment is a fundamental step of troubleshooting that can’t

be ignored.

______ 5. In order to test components, you must know the component’s function and cost.

______ 6. Blown fuses are usually indications of the problem and should be considered the 

system’s underlying fault.

Check your answers with those on page 64.



Self-Check 1
1. False

2. False

3. b

4. a

5. c

6. d

Self-Check 2
1. True

2. False

3. False

4. True

5. True

6. False

Self-Check 3
1. c

2. d

3. a

4. c

5. b

6. d
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Self-Check 4
1. True

2. True

3. True

4. False

5. False

6. False

Self-Check Answers64
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1. Because components aren’t always represented by standard-

ized _______,  a troubleshooter must be able to determine a

component’s identity by its location or connection to other

components in the system.

A. symbols C. facsimiles

B. figures D. marks

2. When troubleshooting a portion of an industrial process, it’s

important to remember that a(n) _______ can cause a good

electrical component to appear faulty.

A. process problem

B. abnormal output

C. steady voltage

D. process control diagram

3. If you’re troubleshooting a lighting system in an industrial

setting and no electrical drawing is available, how should you

locate the source of electrical power for the lighting?

A. Call the power company.

B. Short out the conductor to see which breaker trips.

C. Call in another troubleshooter.

D. Follow the conduit path.
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When you feel confident that you have mastered the material 

in this study unit, go to http://www.pennfoster.edu and submit

your answers online. If you don’t have access to the Internet,

you can phone in or mail in your exam. Submit your answers for

this examination as soon as you complete it. Do not wait until

another examination is ready.

Questions 1–20: Select the one best answer to each question.

EXAMINATION NUMBER

00601801

Whichever method you use in submitting your exam

answers to the school, you must use the number above

For the quickest test results, go to

http://www.pennfoster.edu
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4. Before initiating any tests, the troubleshooter should be able to _______ in the 

system.

A. point to and identify each component

B. operate any piece of equipment

C. energize every component

D. work on running equipment

5. Flash burns, which can result if a short occurs, are prevented by not approaching any

closer than the

A. passed approach zone. C. flash prevention zone.

B. flash protection boundary. D. restricted protection boundary.

6. A troubleshooter must master the art of _______ to successfully communicate his or

her assessment of a problem to the individual responsible for the operation of the

faulty equipment.

A. self-denial C. sociability

B. interpersonal skills D. customer relations

7. A logical method of approach followed by troubleshooters working on somewhat 

complex electricalsystems is considered to be ________-based.

A. random C. chance

B. history D. process

8. When comparing chance methods of approach to troubleshooting, the _______-based

approach is somewhat more refined than the random approach.

A. chance C. research

B. history D. session

9. To confirm there’s a closed path in a control circuit, an industrial troubleshooter might

employ a

A. chance approach. C. random approach.

B. scale. D. continuity tester.

10. When troubleshooting a complex process-control system, mechanical tasks, such as

opening or closing valves, or adjusting flow, level, or pressure controls, should only be

attempted by the

A. system operator. C. electrical troubleshooter.

B. maintenance supervisor. D. plant manager.
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11. A positioning robot in an industrial painting process isn’t completing its typical range of

motion, though the robot’s programming hasn’t been modified. A troubleshooter famil-

iar with the robot’s normal behavior is called in to evaluate the problem. One of the

first thngs he does is compare the current operation with the normal operation. This is

an example of a _______ approach to troubleshooting.

A. historical C. process

B. planned D. documented

12. The level of _______ transferred to a person is what can be fatal in an electrical-shock

accident.

A. continuity C. resistance

B. current D. ground-fault

13. A troubleshooter is investigating a faulty lighting system in a store. After locating and

identifying the components that may be responsible for the faulty system, the next

fundamental step she should follow is

A. replace or repair the components.

B. test the components.

C. identify the problem.

D. understand the system or equipment.

14. _______ don’t follow the fundamental steps of troubleshooting or the basic methods of

approach.

A. Logical troubleshooters C. Systematic approaches

B. Service technicians D. Parts changers

15. An industrial system is rated at 600 V. The system includes a partially exposed 

terminal block that’s mounted on a bulkhead. A new electrical apprentice, who isn’t

considered to be qualified according to OSHA’s standards, approaches the energized

block. The closest the apprentice should come to the block is _______ inches.

A. 24 C. 42

B. 36 D. 54

16. When testing for continuity, the conductor being tested provides the _______ to close

the circuit between the tester’s two contact points.

A. energy C. return circuit path

B. voltage drop D. battery power
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17. When faced with troubleshooting a complex industrial system, a good troubleshooter

knows to

A. eliminate the distraction caused by having one or more operators present.

B. begin by replacing all inexpensive parts directly related to the problem.

C. mentally divide the system into logical sections.

D. first confirm that the system truly doesn’t work by running it.

18. Using electrical meters to measure higher levels of voltage or amperage than their

operating limits permit can destroy the meter and cause

A. the readings to be up to 10 percent too high.

B. damage to the component being tested.

C. excess equipment downtime.

D. injury to the user.

19. While troubleshooting a circuit supplying a circulation pump, the electrician encounters

a tripped circuit breaker. The circuit breaker can be reset, but _______ until all suspect

components have been tested and all defects addressed.

A. components shouldn’t be removed from the system

B. power shouldn’t be restored to the system

C. customers shouldn’t be informed of the blown fuse or tripped circuit breaker

D. a more experienced troubleshooter shouldn’t be called

20. Locating the faulty area requires the troubleshooter to have the ability to identify com-

ponents as well as being able to ________ the system into functional zones that can

be checked for proper operation.

A. mechanically separate C. physically isolate

B. electrically disconnect D. mentally divide




