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WHAT TO DO IF SOMEONE IS THE VICTIM OF ELECTRIC SHOCK

SEND FOR MEDICAL HELP!

1. Do not try to pull or grab the person.

2. If possible, turn off the power.

3. If you can't turn off the power; pull, push, or lift the victim to safety
using a wooden pole, a rope, or some other insulating material.

4. Send the first person available for medical help!

5. After the injured person is Free of contact with the source of the shock,
move the person a short distance away, and start artificial resuscitation.

Artificial Resuscitation Steps

STEP 1 Consciousness. Find out if the victim is unconscicius. Tip
or gently shake the victim's shoulder. Shout the fcollowing:
"Are you OK?" If you get no response, shout "HELP!" If
someone is nearby, they may be willing and able to assist
you with artificial resuscitation. BUT FIRST, MAKE SURE
THAT SOMEONE HAS SENT OR CALLED FOR
EMERGENCY MEDICAL HELP!

STEP 2 Airway. Placeone hand on the victim's forehead and push
firmly backward. Place the other hand under the neck near
the base of the skull and lift gently. Tip the head until the
chin points straight up. This should open the airway. Place
your ear to the victim's mouth and nose. Look at the chest
for breathing movements; listen for breaths and feel for
breathing against your cheek. If there is no breathiing, go to
the next step.

STEP 3 Quick Breaths. Give the victim four quick full breaths.
Keep the head tipped and pinch the nose. Open your mouth
wide, take a deep breath, and breathe into the victim's
mouth.

* See the back cover for the nenfonr stepst! i

SEND FOR MEDICAL HELP!
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Study Guide

Congratulations Congratulations on your enrollment in a distance training course from the
Distance Learning Technology Department (DLTD) of the Marine Corps
Institute (MCI).  Since 1920, the Marine Corps Institute has been helping tens
of thousands of hard-charging Marines, like you, improve their technical job
performance skills through distance training.  By enrolling in this course, you
have shown a desire to improve the skills you have and master new skills to
enhance your job performance.

The distance training course you have chosen, MCI 1141A, Marine
Electrician, is designed to familiarize the student with the fundamentals of
electricity and the duties of a Marine electrician.  The course provides
instruction on setting up, operating, and maintaining generators, dummy
loads, and floodlights.  The course also addresses entries required in
maintenance and operational logs, as well as planning and constructing
electrical distribution systems.  The tools and materials used to accomplish
these tasks are discussed and safety is stressed throughout the entire course.

Your Personal
Characteristics

• YOU ARE PROPERLY MOTIVATED.  You have made a positive
decision to get training on your own.  Self-motivation is perhaps the most
important force in learning or achieving anything.  Doing whatever is
necessary to learn is motivation.  You have it!

• YOU SEEK TO IMPROVE YOURSELF.  You are enrolled to improve
those skills you already possess, and to learn new skills.  When you
improve yourself, you improve the Corps!

• YOU HAVE THE INITIATIVE TO ACT.  By acting on your own, you
have shown you are a self-starter, willing to reach out for opportunities to
learn and grow.

• YOU ACCEPT CHALLENGES.  You have self-confidence and believe
in your ability to acquire knowledge and skills.  You have the self-
confidence to set goals and the ability to achieve them, enabling you to
meet every challenge.

• YOU ARE ABLE TO SET AND ACCOMPLISH PRACTICAL
GOALS.  You are willing to commit time, effort, and the resources
necessary to set and accomplish your goals.  These professional traits will
help you successfully complete this distance training course.

Continued on next page
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Study Guide, Continued

Beginning Your
Course

Before you actually begin this course of study, read the student information
page.  If you find any course materials missing, notify your training officer or
training NCO.  If you have all the required materials, you are ready to begin.

To begin your course of study, familiarize yourself with the structure of the
course text.  One way to do this is to read the table of contents.  Notice the
table of contents covers specific areas of study and the order in which they are
presented.  You will find the text divided into several study units.  Each study
unit is comprised of two or more lessons, lesson exercises, and finally, a study
unit exercise.

Leafing
Through the
Text

Leaf through the text and look at the course.  Read a few lesson exercise
questions to get an idea of the type of material in the course.  If the course has
additional study aids, such as a handbook or plotting board, familiarize
yourself with them.

The First Study
Unit

Turn to the first page of study unit 1.  On this page you will find an
introduction to the study unit and generally the first study unit lesson.  Study
unit lessons contain learning objectives, lesson text, and exercises.

Reading the
Learning
Objectives

Learning objectives describe in concise terms what the successful learner,
you, will be able to do as a result of mastering the content of the lesson text.
Read the objectives for each lesson and then read the lesson text.  As you read
the lesson text, make notes on the points you feel are important.

Completing the
Exercises

To determine your mastery of the learning objectives and text, complete the
exercises developed for you.  Exercises are located at the end of each lesson,
and at the end of each study unit.  Without referring to the text, complete the
exercise questions and then check your responses against those provided.

Continued on next page
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Study Guide, Continued

Continuing to
March

Continue on to the next lesson, repeating the above process until you have
completed all lessons in the study unit.  Follow the same procedures for each
study unit in the course.

Seeking
Assistance

If you have problems with the text or exercise items that you cannot solve,
ask your training officer or training NCO for assistance.  If they cannot help
you, request assistance from your MCI distance training instructor by
completing the course content assistance request form located at the back of
the course.

Preparing for
the Final Exam

To prepare for your final exam, you must review what you learned in the
course.  The following suggestions will help make the review interesting and
challenging.

• CHALLENGE YOURSELF.  Try to recall the entire learning sequence
without referring to the text.  Can you do it?  Now look back at the text to
see if you have left anything out.  This review should be interesting.
Undoubtedly, you’ll find you were not able to recall everything.  But with
a little effort, you’ll be able to recall a great deal of the information.

• USE UNUSED MINUTES.  Use your spare moments to review.  Read
your notes or a part of a study unit, rework exercise items, review again;
you can do many of these things during the unused minutes of every day.

• APPLY WHAT YOU HAVE LEARNED.  It is always best to use the
skill or knowledge you’ve learned as soon as possible.  If it isn’t possible
to actually use the skill or knowledge, at least try to imagine a situation in
which you would apply this learning.  For example make up and solve
your own problems.  Or, better still, make up and solve problems that use
most of the elements of a study unit.

Continued on next page
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Study Guide, Continued

Preparing for
the Final Exam,
continued

• USE THE “SHAKEDOWN CRUISE” TECHNIQUE.  Ask another
Marine to lend a hand by asking you questions about the course.  Choose
a particular study unit and let your buddy “fire away.”  This technique can
be interesting and challenging for both of you!

• MAKE REVIEWS FUN AND BENEFICIAL.  Reviews are good habits
that enhance learning.  They don’t have to be long and tedious.  In act,
some learners find short reviews conducted more often prove more
beneficial.

Tackling the
Final Exam

When you have completed your study of the course material and are confident
with the results attained on your study unit exercises, take the sealed envelope
marked “FINAL EXAM” to your unit training NCO or training officer.
Your training NCO or officer will administer the final exam and return the
exam the answer sheet to MCI for grading.  Before taking your final exam.

Completing
Your Course

The sooner you complete your course, the sooner you can better yourself by
applying what you’ve learned! HOWEVER--you do have 2 years from the
date of enrollment to complete this course.  If you need an extension, please
complete the Student Request/Inquiry Form (MCI-R11) located at the back of
the course and deliver it to your training officer or training NCO.

Graduating! As a graduate of this distance training course and as a dedicated Marine, your
job performance skills will improve, benefiting you, your unit, and the Marine
Corps.

Semper Fidelis!



STUDY UNIT 1

ELECTRICAL POWER

Introduction. Military technology is advancing rapidly into
the modern age of electronics. With these advances comes an
increasing need for mobile electrical power. As a Marine
electrician, the responsibility for providing adequate mobile
electrical power to field units falls primarily on you. This
study unit is designed to give you a basic background on the
fundamentals of electricity as well as an overview of the
electrical side of the utilities field. It is not designed
to make you an expert, but to give you the basic knowledge
that you need to understand electrical systems within the
utilities field. Your skills, coupled with this knowledge,
will enhance your technical abilities as a Marine
electrician.

Lesson 1. ELECTRICAL TERMS

LEARNING OBJECTIVES

1. State the three components that make up an atom.

2. State in writing the definition of direct current (DC).

3. Describe in writing the effect of voltage on a circuit.

4. List the four effects of current.

5. Define resistance.

6. Given the definitions of conductors and insulators,
choose the proper definition of each.

1101. Structure of an Atom

Everything in the world is made up of atoms which are composed of
protons, neutrons, and electrons. Figure 1-1 shows you two
common elements, or atoms, and how they are constructed. If you
look at the atoms, you will notice there is a different number of
electrons circling the nucleus. The electrons circle the nucleus
in different layers or rings depending on the number of electrons
in the atom. The number of electrons in the outer ring is very
important. The fewer number of electrons in the outer ring, the
easier they can be dislodged from the atom. These dislodged
electrons are then called free electrons. It is the movement of
these free electrons from one atom to the next that gives us
electrical energy. Materials such as copper and aluminum have
very few electrons in the outer ring meaning the electrons in
those atoms are dislodged very easily. These materials make very
good carriers or conductors of electricity.

1-1



Materials such as rubber, glass, and plastic have many electrons
in the outer ring and are more reluctant to give up their
electrons. These materials don't carry electricity very well and
make very good insulators. Conductors and insulators will be
discussed in more detail later in this lesson.

/ ~PROTONS/

HYDROGEN NEUTRONS HELIUM

Fig 1-1. Structure of common atoms.

1102. Direct Current

This movement of the free electrons through a conductor (wire) is
called electrical current. According to the electron theory,
electrical current always flows from a point of negative
potential (excess of electrons) to a point of positive potential
(deficiency of electrons). Current that flows in one direction
only is called direct current. Current that flows in both
directions is called alternating current. Alternating current is
covered in greater detail in lesson 3. Current flowing through a
conductor may be compared to water flowing through a pipe. If
you have a pipe full of water and try to force in more water, the
extra water will be forced out of the other end. The same thing
happens with electricity. A copper wire is made up of billions
of atoms that have loosely bound electrons in the outer shell.
When electrons are forced into one end of the wire, they knock
other electrons loose and then take their place. These new free
electrons continue to do the same thing until they finally reach
the end of the wire. This is called the electron flow
principle.

The electron flow isn't that slow, though. The flow is so fast
that it's almost an instantaneous shift of billions upon billions
of free electrons throughout the entire length of the conductor.
Scientific research has determined that current (electron flow)
passes through the conductor at the speed of light (186,000 miles
per second).

So, electricity is nothing more than the flow of electrons
through a conductor, and the flow of electrons is nothing more
than free electrons dislodging other electrons and taking their
place.

You must have a conductor (wire), a source of voltage, and a load
for an electric circuit to operate. When the circuit is
operating, voltage, current, and resistance will all be present.
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Once you understand how all three of these relate to each other,
you will have developed a good foundation toward understanding
and increasing your knowledge of electricity.

1103. Voltage

Just as you need a pump to keep water flowing through a pipe, an
electrical pressure (voltage) is needed to make current flow
through a conductor. The "pumping action" that produces this
pressure may be originated by chemical changes (a battery which
converts chemical energy to electrical energy) or by mechanical
means (a generator which converts mechanical energy to electrical
energy). The pump is used to produce the pressure that forces
the free electrons through the conductor. Electrical pressure,
electromotive force (EMF), and difference of potential are terms
that are used interchangeably. They all mean the same thing--
voltage. The symbol that represents voltage is E and the unit of
measurement for voltage is the volt (V). To sum it all up in one
simple sentence: Voltage is the pressure that causes electrons
to move through a conductor.

1104. Current

Current is the flow of electrons through a circuit. In the water
pipe, the pressure is measured in pounds per square inch, and the
flow is measured in gallons per hour. We measure current the
same way, as a flow. Electrical current is measured by the
number of electrons flowing per second past a given point in the
conductor. The symbol I represents current, and the unit of
measurement for current is the ampere (commonly referred to as
amp), shown by the symbol (A).

Now a few questions for you:

Do you know why a light bulb glows, or the reason a hot plate or
toaster gets hot? Do you know what makes an electric shaver or a
power drill work? Have you ever wondered what takes place inside
a car battery when it's being charged? Have you ever received a
shock from an electrical circuit?

Well, all of these things happen because of some special effects
that current causes. Current, or the flow of electrons, produces
the following four effects: heat, magnetism, chemical action,
and physical shock.

The first effect is heat and it is always produced to some extent
when current flows through a conductor. The amount of heat
depends on the material of the conductor and the amount of
current. Let's use a light bulb as an example: The current
flowing in the bulb passes through a thin wire called a filament.
As it passes, it creates heat and actually makes the filament
glow. The same principle applies with electric stoves and
toasters. The filaments in a toaster and even the big coils on
the stove top glow because of the heat that is being produced as
the current passes through them.
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Current flow also produces magnetism. Magnetism is defined in

two ways: (1) as a force, the capacity to exert an influence, and

(2) as an attraction, the power or ability to draw something
toward or away. All magnets have a north and a south pole. Like
poles repel each other and unlike poles attract. Through the

interaction of magnetic fields created when current flows through

a conductor formed in a loop, the operation of motors,
generators, and electromagnets is possible. By making this

magnetic field work for you, you can create the motors that
operate your electric shaver, hand drills, and even the mixer in

the kitchen. We'll discuss magnetism in more detail later in
this study unit.

Another effect of current flow is chemical action. A difference
in electrical potential can be built up between two dissimilar
elements when they are placed in a chemical which acts upon them.

Your car battery uses this principle of chemical action when it
charges and discharges.

The last effect of current is physical shock. Almost everyone in

the world has been shocked by static electricity. If you have
ever been shocked by household electricity, you will remember
that it made your body tingle. A common mistake is to think that

voltage is the cause of the shock. Actually, it is the current
flowing through your body affecting the nerve endings that causes
the muscle spasms and tingling sensation.

1105. Resistance

Do you remember what else is present in an operating circuit?
We've already covered voltage and current. That's it!
Resistance. The definition of resistance is "the opposition of a
body or substance to the passage through it of a steady electric
current." An easier way to relate to resistance is to think of
it as "anything that hinders current flow." A light bulb works
because it resists current flow. The current travels through a
thin filament inside a vacuum creating heat that makes the
filament glow. Presto! You have light. The symbol for
resistance is R and the measurement of resistance is the ohm. It
is also represented by the Greek symbol omega (n).

1106. Conductors and Insulators

What materials hinder current flow? Everything does to some
degree; some things just have more resistance than others. The
materials that have a very high resistance are called insulators
and are used to keep the electricity in the circuit. A good
example of an insulator is the rubber coating that covers a wire.
Now, on the opposite side, you have materials that have a low
resistance. These materials are called conductors.
Copper is used in wiring because it has a low resistance to
current flow. The measurement of the ability of any material to
conduct (carry) an electrical charge (current) is referred to as
conductance.
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The resistance in a copper wire is determined by three factors:
(1) the diameter of the wire, (2) its temperature, and (3) its
length. A large diameter wire has less resistance than a small
wire. A cold wire has less resistance than a hot one, and a
short wire has less resistance than a long one. Can you see how
this might affect your job when you are trying to wire a base
camp? Suppose your camp is so large that the length of the wire
needed is causing too much resistance in the circuit. You know
the three factors that affect resistance in the wire:
temperature, diameter, and length. You really can't change the
temperature outside, so let's look at the other two, diameter and
length. You could possibly try a larger diameter wire or maybe
shorten the run by moving the generator closer. Your particular
situation will dictate your actions, but hopefully now you see
how the three factors affecting resistance will influence your
actions as you solve real-world problems.

Forcing all those electrons through the resistance of the circuit
requires a lot of energy. Just as current flow in a light bulb
creates heat, electrical energy transforms itself from one form
to another. A way has been developed to measure the rate at
which this transfer of energy takes place. It is called power.
Power is the time rate at which energy is transferred. We use
the symbol P to represent electrical power and electrical power
is measured in watts. The formula for computing power is power
(P) equals voltage (E) times current (I) or P = E x I.

Lesson Summary. In this lesson, you received a quick background
on electrical theory and studied the fundamentals of a circuit.
The terminology involved will be referred to throughout this
study unit and you'll use it throughout your life as well. In
the next lesson, you will be shown how the terminology discussed
in this lesson applies to a direct current circuit.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Exercise: Complete items 1 through 6 by performing the action
required. Check your responses against those listed
at the end of this study unit.

1. What are the three components of an atom?

2. In your own words, define direct current.

3. Describe the role voltage plays in a circuit.
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4. What are the four effects of current?

a. c.

b. d.

5. What is the definition of resistance?

6. Materials that have a high resistance to current flow are
called , and materials that have a low
resistance to current flow are called

Lesson 2. DIRECT CURRENT (DC) CIRCUITS

LEARNING OBJECTIVES

1. Provided with a list of electrical components and
symbols, match each component to its symbol.

2. Given the symbols, label a simple schematic.

3. Identify and apply Ohm's Law.

4. Identify and apply the formula to compute power.

5. Identify the rules for computing a series circuit.

6. Identify the rules for computing a parallel circuit.

7. Identify the methods you would use when computing
resistance in a circuit with multiple resistors of
unequal value.

8. Given the schematic, compute the total resistance for a
series-parallel circuit.

9. Apply the left hand thumb rule to determine the direction
of magnetic lines of force.

10. Identify how the strength of a magnetic field is affected
by forming a conductor into a loop.

1201. Circuit Components and their Symbols

In the last lesson, you studied the fundamentals of a circuit.
To analyze a circuit, you need a schematic diagram which is
nothing more than a drawing of that circuit.
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Common components such as batteries, lights, and switches are all
represented on schematics by symbols. Before you study the
components of a circuit, let's look at the symbols that are used
to represent some common components. Figure 1-2 shows a few of
the more common symbols found in circuits.

WITRE L_A_MP
CONDUCTOE INCANDESCENT

CONDUCTORS _______________

NOT
CONNECTED CONNECTED FUSE

RESISTORS

_/A/AA- FIXED

~A~AJV~ VARTABLE

- | GROUND RHEOSTAT

-- H CELL SWITCH

_II V A VOLTMETER-111111----BATTERY AAMMER

Fig 1-2. Common electrical symbols.

1202. Schematics

Now that you have an idea of some of the common symbols, let's
take a look at how they appear in a schematic. Figure 1-3 shows
a simple schematic of a flashlight. Notice that this is not a
drawing of a flashlight. Instead, it is a drawing of the
electrical circuit of a flashlight.
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Si

+ BAT DS1

Fig 1-3. Schematic of a flashlight.

The figure illustrates the symbols of three components of the
flashlight, the battery (BAT), the switch (SI), and the light
bulb (DS1). Even though this is a very basic schematic, it
illustrates how components are pictured by using symbols. The
simple circuit shown in figure 1-3 is a direct current circuit.
Remember that we said earlier in direct current (DC) circuits,
current flows in only one direction. In figure 1-3, the current
flows from the battery, through the switch when it is closed,
through the load (bulb), and back to the battery. There must be
a complete circuit for current to flow. The current has to start
at the power source and flow back to it.

1203. Ohm's Law

Voltage (E), current (I), and resistance (R) are all present in a
complete circuit. The values of these have a definite
relationship among each other in any circuit or part of a
circuit. If the voltage increases, the current increases in
direct proportion, but if the resistance increases, the current
decreases in direct proportion. OHM'S LAW is the basic formula
you will use to determine the values of voltage, current, and
resistance in a basic electrical circuit.

Ohm's law explains this relationship by simply stating that the
voltage of a circuit is equal to the current multiplied by the
resistance, or through the formula E = I x R. By using
variations of this formula, you can find any unknown value if the
other two are known.
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To find voltage, the formula is:

Voltage = current x resistance or E = I x R

To find current, the formula is:

Current = voltage or I = E
resistance R

To find resistance, the formula is:

Resistance = voltage or R = E
current I

Remember: You measure current in amps, voltage in volts, and
resistance in ohms.

Let's look at an example to see how this works. Assume that you
have a simple circuit that has an applied voltage (E) of 120
volts and a resistance (R) of 20 ohms. To find the current flow
(I), simply divide the voltage by the resistance. In this case
that would be:

Current = 120 volts = 6 amps
20 ohms

1204. Computing Power

Let's try another problem. Find the power produced and the
applied voltage if you have a circuit with 3 ohms and 5 amps.
Since you are looking for voltage and you know resistance and
current, the formula is E = I x R. Your voltage will be 15
volts. Now that you know the voltage, you can compute the amount
of power. Do you remember the power formula from lesson 1?
Power will equal the voltage multiplied by the current, or simply
put, P = E x I. In this example, that would work out to
P = 15 volts x 5 amps or P = 75 watts.

Table 1-1 shows the basic formulas for computing power, voltage,
current, and resistance. Don't try to memorize all the different
versions of the formulas; just remember the two key ones, E = I x
R and P = E x I. With these two formulas you can solve any
circuit problem if you know two of the values. You can also use
algebra to come up with all of the formulas in figure 1-4 and
table 1-1 starting with just these two key formulas. The figure
and table can also help you find unknown values in these formulas
in terms of all the known values. You simply cover the letter
representing the unknown value you want to find; the figure or
the table gives you all of the formulas you might use to find
that unknown.
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OHM'S LAW CIRCLE FOR CURRENT

FOR RESISTANCE FOR VOLTAGE

Fig 1-4. The Ohm's Law circle.

Table 1-1. Basic Electrical Formulas

Here is a problem you can relate to--a simple 60-watt light bulb
in your house. The voltage is 120 volts. Now, what is the
resistance and the current? Since you already know power and
voltage, you would use the formula P = E x I or I =P/E.
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You already know that P = 60 watts and E = 120 volts. So, the
formula would be I = 60/120.

Simple mathematics tells you that I = .5 amps.

Now that you know the current, you can use the formula E = I x R
or R = E/I to find resistance.

E = 120 volts and I = .5 amps, so the formula is R = 120/.5.

Simple mathematics tells you that R = 240 ohms.

That single 60-watt light bulb in your house uses .5 amps and has
a resistance of 240 ohms. I'll bet you never knew that before,
did you? Now, let's move on to the three circuit types: series,
parallel, and series-parallel.

1205. Rules for Computing a series Circuit

Years ago, Christmas lights were wired in a series circuit. When
one light burned out, all the lights would go out. Do you know
why this happened? Well, a series circuit only has one path for
the current to flow. Look at figure 1-5. If you follow the
wire, you will notice that it goes through the bulbs. If a
filament breaks or a light burns out, the circuit is broken and
none of the bulbs will work. Sounds like an impractical way to
wire lights, doesn't it? Well, let's take a closer look and see
why they wired the circuit in series.

I r

Fig 1-5. Lights in series.

First, you have to understand a few rules about a series circuit.
Since electricity only has one path to follow, it has to go
through all components within the circuit. The first rule states
that the total resistance in a series circuit is the sum of all
the resistances. The second rule states that current flow is the
same throughout the circuit. The third rule states that applied
voltage divides among the resistances as it is needed.
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Since voltage is a force, the force has to be high to begin with
in a series circuit because it will drop as it goes through the
circuit. To recap, the three rules to remember about a series
circuit are:

* Total resistance is the sum of all the resistances.

* Current flow is the same throughout the circuit.

* Voltage divides among resistances as it is needed.

With these three rules in mind, let's take a look at those old-
fashioned Christmas lights. Assume that you have a string of 40
lights with each one providing 1 ohm of resistance. Our first
rule of a series circuit says the total resistance is the sum of
all the resistances. In this case, that would be 40 ohms.

Since current flow is constant throughout the circuit (rule 2),
you can use Ohm's Law to find current: E = I x R or I = E/R.

I = 120 volts/40 ohms; I = 3 amps.

The last rule, voltage divides among resistance, can be applied
using the formula E = I x R.

E = 3 amps x 1 ohm; (you are computing the voltage for each
light) E = 3 volts. With 3 volts going to each light and 40
lights in the circuit, you get 120 volts total.

The key here and the reason the Christmas lights were wired in
series is that the entire string of lights required only 3 amps
and could be made from low priced material providing 1 ohm of
resistance. However, we realize that if one light burns out, the
entire string will go out. To prevent this from happening, today
we wire Christmas lights in parallel.

1206. Rules for Computing a Parallel Circuit

Almost all power and interior lighting circuits used today are
hooked up in parallel. Parallel circuits, sometimes called shunt
circuits, are arranged in such a way that the current divides
between the circuits. Thus, there are as many paths for the
current to flow as there are circuits. If one circuit is broken,
only that circuit will not work; all the other circuits will
continue to operate properly.

If you look at figure 1-6, you can see that the same voltage is
applied to all three lights because there are three paths for the
voltage. This illustrates the first rule of a parallel circuit:
In a parallel circuit, the same voltage is applied across each
branch.
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Fig 1-6. Lights in parallel.

Since you now know the voltage, if you knew the resistance you
could compute the current. Let's go back and get those old
Christmas lights again and have a little fun. Remember those
lights had a resistance of 1 ohm each. If you use those lights
in this circuit... watch what happens!

With a voltage of 120 volts and a resistance of 1 ohm for each
light, you can use the formula E = I x R or I = E/R to find
current.

E = 120 volts and R = 1 ohm so the formula is: I = 120/1.

I = 120. The current flow would be 120 amps!

The second rule of a parallel circuit is that the current in a
parallel circuit is equal to the sum of all the current flows.
So, with only 3 lights in this circuit, if each light has a
current flow of 120 amps, the total current flow is 360 amps! If
you tried to string all 40 bulbs together in parallel, you would
end up with a total current flow of 4,800 amps! That would
definitely blow your fuse, wouldn't it?

Actually the bulbs used in today's Christmas lights have high
resistance, so the current flow is low. If you use a regular 60-
watt light bulb in this circuit, the current will decrease
tremendously.

Remember the normal 60-watt light bulb? It had a resistance of
240 ohms and a current flow of .5 amps. In this circuit, that
would equal 1.5 amps for the 3 lights. So if the living room in
your house is wired on only one circuit and you have three lights
on, you are using approximately 1.5 amps because even the wire
itself has some resistance. Old wire, bad connections, and long
runs of wire all add to the total resistance.

The third rule of a parallel circuit states that the total
resistance of a parallel circuit is equal to the applied voltage
divided by the total current and is always less than the smallest
resistance.
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This may sound confusing, but the best way to picture it is to
think of a paper cup filled with water. Think of the water as
current wanting to flow. If you poke a small hole in the cup,
the water will drain slowly. If you poke a large hole in the
cup, the water will flow more rapidly. Think of the hole as
resistance. A small hole will have high resistance and a large
hole will have low resistance.

Remember, if you have one small hole in the cup, the water would
flow slowly. But, what happens if you poke another small hole in
the cup?

Poking another small hole in the cup is like adding another hole
with high resistance. But is the water flow less? No! Of
course not! As a matter of fact, even more water will flow.
The reason for this is you have two different paths for the water
to flow. This is just like a parallel circuit; the current has
more than one path to take.

If you have a parallel circuit, the total current over the entire
circuit will always increase when you add more resistance.
However, the total resistance over the entire circuit will
decrease when you add more resistance.

Just think of the cup with the holes in it. The more holes that
you have, the more water will flow. With more water flow, the
cup acts as if it had very little resistance. Each individual
resistance still stays the same. The entire circuit, or in this
case, the entire cup, is acting as if the resistance was small.

Do you remember the three rules of a parallel circuit? (1) The
voltage is the same across each element, (2) the current is equal
to the sum of all the current flows, and (3) the total resistance
is equal to the applied voltage divided by the total current.

Take a look at figure 1-7. In this figure, you have three 60-
watt light bulbs connected in parallel. With an applied voltage
of 120 volts, you can easily compute the current and resistance.

T___
Fig 1-7. Three 60-watt lights in parallel.
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What is the current flow across the 60-watt light bulb if the
applied voltage is 120 volts? Did you use a variation of the
formula P = E x I? Or to be more specific, I = P/E? If you did,
you should have gotten I = 60/120 or I = .5 amps.

Since you have three bulbs, the total current will be three times
.5 or 1.5 amps. Now that you know the applied voltage and total
current, can you compute the total resistance?

Total resistance is equal to applied voltage divided by total
current or Rt = E/It. This works out to 120/1.5 or 80 ohms.

Remember that the individual light bulb has a resistance of 240
ohms, but in a parallel circuit, since you have the different
paths for the current to take, the total resistance over the
entire circuit works out to 80 ohms.

To recap, the three rules to remember about a parallel circuit
are:

* Voltage remains the same across each branch.
* Total current is equal to the sum of all current flows.
* Total resistance is equal to the voltage divided by the

total current and is always less than the smallest
resistance.

1207. Methods for Computing Resistance in a Parallel Circuit

There might be some occasions when you already know the values of
all the resistances. If this is the case, you can find the total
resistance for the circuit without knowing any of the other
values. If all the resistors are the same value, you can use the
formula which states that total resistance equals the value of
one resistor (R) divided by the number (N) of resistors or Rt =R

N

Where: Rt is the total resistance in the circuit
R is the value of one resistor
N is the number of resistors in the circuit

In the above example with three 60-watt lights, you know the
resistance is 240 ohms for each light. You can use the
formula:

Rt = R which works out to Rt = 240
N 3

or Rt = 80 ohms.
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If the values of the resistors are not equal, you can still
figure the total resistance in the circuit by using two methods.
They are called the reciprocal method and the product over sum
method.

a. Reciprocal method. Use the reciprocal method when there are
three or more unequal resistors in a circuit. The formula to use
is:

Rt = 1 + I + 1
R1 R2 R3 ...

Where: Rt is the total resistance in the circuit
R1 is the value of the first resistor
R2 is the value of the second resistor
R3 is the value of the third resistor, etc.

If you had a 10-ohm, 20-ohm, and 30-ohm resistor, the formula
would look like this:

1
Rt = 1 + 1 + 1

10 20 30

1
Rt= 6 + 3 + 2

60 60 60

1-
Rt = 11

60

60
Rt = 

11

Rt = 5.45 ohms

So, with a 10-ohm, 20-ohm, and 30-ohm resistor in the circuit,
the total resistance over all three unequal resistors is 5.45
ohms.

As you can see, this is a very complicated formula to use.
However, it is the easiest way to find total resistance in a
circuit when you have three or more unequal resistors.

b. Product over sum method. Use the product over sum method
when you have only two unequal resistors. The formula to use is:
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R1 X R2
Rt =

R1 + R2

If you had a 20-ohm and a 30-ohm resistor in the circuit, the
formula would look like this:

20 x 30
Rt =

20 + 30

600
Rt =

50

Rt = 12 ohms

So, with two unequal resistors that are 20 and 30 ohms, the total
resistance over the entire circuit is 12 ohms.

1208. series-Parallel Circuits

You have just studied series circuits and parallel circuits. You
have one more to go. The third type of circuit is the series-
parallel circuit. At first glance it might seem hard to
determine the voltage, current, and resistance values in this
type of circuit, but actually, with a little practice you will
find it very easy. Take a look at figure 1-8. Notice that there
are resistances in both series and parallel. How do you compute
the resistance in this kind of circuit? Easy--you combine the
resistances until you end up with a simple series circuit. Let
me explain.

5
OHMS

_ _ . > ~ ~ ~ ~~~~10 I 80
40 V OHES OHMS

Fig 1-8. Series-parallel circuit.
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In figure 1-8, you can combine the two resistors that are in
parallel to form one resistor. In reality you cannot do this,
but you can on paper. This combining helps simplify the circuit.
The two 10-ohm resistors are in parallel. First, you want to
find the total resistance value for that portion of the circuit.
Then you can treat the circuit as if it had two resistors in
series and simply add the resistances to find the total
resistance.

Referring back to figure 1-8, you have two 10-ohm resistors in
parallel. Since they are the same value, you can use the formula
Rt = R/N. That will give you Rt = 10/2 or 5 ohms. Now our
circuit can be treated as a series circuit as shown in figure
1-9.

5
OHMS

40 V OH MS

Fig 1-9. Circuit after combining resistors.

Now, you can easily compute the total resistance and the current
in this circuit. The total resistance in a series circuit is the
sum of all the resistances in the circuit, so with the simple
addition of the two 5-ohm resistors, you get 10 ohms.

What is the current flow if you have an applied voltage of 40
volts and a total resistance of 10 ohms? I = E/R or I = 40/10 or
I = 4 amps.

See, it was easy, wasn't it? By using the rules of the different
circuits, you can compute all the values in the circuit.

Let's take that same circuit and find the voltage, current, and
resistance at each of the resistors. The first resistor is 5
ohms. With a current flow of 4 amps, the voltage used by the
first resistor is 20 volts. The total voltage in the circuit was
40 volts, but voltage in a series circuit is used as it is
needed. That means that there are 20 volts left for the rest of
the circuit. Since the voltage in a parallel circuit is
constant, 20 volts will be applied to both of the 10-ohm
resistors. Since I = E/R, each resistor has a current flow of 2
amps (See figure 1-10).
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E=20 V
I= 4 A
R= 5 OHMS

E=20 V E=20 V
E,=40 V I= 2A I=2 A

-_ It= 4 A R=10 OHMS R=10 OHMST R,=10 OHMS

Fig 1-10. Series-parallel circuit with values of voltage,
current, and resistance.

Now, let's try one that isn't as easy. Remember, combine the
values where you can. Take a portion of the circuit that is
either in series or in parallel, and use the rules that apply to
that type of circuit. Reduce the circuit until you end up with a

series or parallel circuit by itself; then solve for the values
of that circuit.

10 OHMS 5 OHMS 10 OHMS 5 OHMS

Z-- 60 V ~~~~60 VT ~~15 -15 '5
10Ito o C IOHMSDOHMS JOHMS

15 OHMS 4OHMS
-OHMS OHMSE.

~~~HG HH

5 OHMS 5 OHMS 5 OHMS 5 OHMS

CIRCUIT wAw CIRCUIT "B"

Fig 1-11. Simplifying a series-parallel circuit.

Circuit "A" (figure 1-11) looks hard, but take it one step at a
time and watch how easy it is to reduce it to a simple circuit.
The resistances at points E and F are the same and are in
parallel. Therefore, their total resistance can be found by
using the formula Rt = R/N (step 1).

Did you remember that this is the formula for finding resistance

in a parallel circuit when you have two resistors of the same
value? Using the formula, you find that Rt = 10/2 or Rt = 5.
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You can now combine the values of E and F to form a new
resistance value of 5 ohms (step 2). Circuit "B" shows this new
value which is labeled as resistance point J.

You can now combine points B, J, and H since they are all in
series (step 3). Use the rule for computing total resistance in
a series circuit: add the three values together. You now have a
resistance value of 15 ohms.

100 (i S I_ _ _ _

A IA

-60 V 60 V

C 15 D 1T'OHMS .OHMS OHMS T'OHMS
5 OHMS 5 OHMS

CIRCUIT "C" CIRCUIT "D"

Fig 1-12. Reducing circuit "A" to its simplest form.

Circuit "C" shows the new value of these three resistance points
and is labeled as point K. You now have three resistance points
in parallel.

Since all three are the same value, use the same formula you used
in step 1: computing resistance in a parallel circuit (step 4).
Rt = R/N or Rt = 15/3 or Rt = 5 ohms.

Circuit "D" shows the new value in the circuit and is labeled as
point L. You have now reduced the circuit to three resistance
points in series.

Can you compute the total resistance over this entire circuit
now? Sure! All you have to do is add the values together (step
5). The total resistance value over the entire circuit is 20
ohms.

1209. Magnetic Lines of Force

In lesson 1, you learned that one of the effects of current flow
was magnetism, and the effect of this magnetism was responsible
for making motors, generators, and electromagnets work. Magnetic
lines of force surround the earth in the same manner that
magnetic lines of force surround a bar magnet.
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If you place a bar magnet under a sheet of paper, sprinkle iron
filings on it, and then tap the paper, the filings will align
themselves into a chain of lines that will look like the magnetic
field itself. Figure 1-13 shows the invisible lines of force
around a bar magnet. Lines of force flow in only one direction
at any given point and always form closed loops. The path of
each loop is from the North Pole to the South Pole in space, and
through the magnet back to the North Pole.

wdt srng at th a br

gradually wekndathdiacefo the codutoricesd% - -p 

Fig 1-13. magnetic lines of force.

Over a century ago, oersted, a Danish physicist, discovered that
a current-carrying conductor was surrounded by a magnetic field.
He also discovered that the field was only present when current
was flowing, and that it was strongest at the center but
gradually weakened as the distance from the conductor increased.

The lines of force around a current-carrying conductor move in
either a clockwise or counterclockwise direction depending upon
the direction of the electron flow. To determine the direction,
use the left hand thumb rule (see figure 1-14): Grasp the
conductor with your left hand with your thumb pointing away from
the power source and toward the object(s) you want to power. The
direction of your curled fingers will show you the direction of
the lines of force.
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THUMB INDICATES
DIRECTION OF

ELECTRON FLOW

FINGERS CURVE
IN SAME DIRECTION
AS LINES OF FORCE FORCE OF

Fig 1-14. Left hand thumb rule.

You already know that current flow produces magnetism, lines of
force, and magnetic fields. Now you are going to see how to make
the lines of force and magnetic fields work for you.

1210. Magnetic Field around a Loop

If you bend a conductor to form a loop, some strange things
happen to that magnetic field. The lines of force will actually
concentrate within the loop. The concentration occurs because
all lines of force enter the loop from one side (direction of
electron flow) and leave the other side. If you wind the
conductor into several loops, the strength of the field
increases. By doing this, you create what is commonly called an
electrical coil. When the current flows through a coil, it is
surrounded by a magnetic field similar to the one shown in figure
1-15.

Fig 1-15. Magnetic field produced by a coil.
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Since you now have a concentration of the magnetic field within
the loops, if you place a soft iron core near the coil, the
magnetic attraction between the core and the field will pull the
core into the loops. This is how a relay works. If an iron core
is placed within the loops and is held there, the core will
become magnetized and create an electromagnet. Relays and
electromagnets have a variety of practical uses that range from a
solenoid on your starter (a coil pulling the armature forward to
engage the starter motor) to contact relays that control high
voltage in a circuit (an electromagnet that pulls the contacts
closed).

This concentration of the magnetic field also makes an electric
motor operate. An electric motor has a series of electromagnets
in a circle labeled PHASE A, B, and C (see figure 1-16). The
rotor or center portion of the motor is also made of magnetic
material. By applying current to one electromagnet, you will
create a magnetic field that will cause the rotor to become
attracted to it and turn to face it. If you continue to energize
the electromagnets in order, the rotor will continue to turn to
each electromagnet as it becomes energized.

PFfASE

A

Fig 1-16. Electric motor.

Another use of magnetism is to use mechanical energy to create
electrical energy. It works almost the opposite of the way a
motor works. Instead of using electricity to make a motor turn,
you turn a group of magnets to create electrical current. In a
generator, an engine (usually diesel or gas) turns a rotor which
creates a rotating magnetic field. The magnetic field in turn
causes current to flow through a series of windings or coils that
are positioned in a circle around the rotor and a voltage is
produced.

All of these are very simplified explanations, but hopefully you
can see the different applications of a magnetic field.
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Lesson Summary. In this lesson, you studied some of the
different symbols used in electrical schematics; how to apply
Ohm's Law to series, parallel, and series-parallel circuits; and
how to find the values of a circuit at each of the resistors.
You had a very brief explanation of magnetism, its effects, and
uses. In lesson 3, you will study alternating current (AC)
circuits and the effects of magnetism in greater detail.

… - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Exercise: Complete items 1 through 16 by performing the action
required. Check your responses against those listed
at the end of this study unit.

Matching: For items 1 through 5, match the type of
electrical component in column 1 to its schematic symbol in
column 2. Place your responses in the spaces provided.

Column 1 Column 2

Electrical Component Schematic Symbol

1. Lamp A
2. Switch
3. Rheostat
4. Battery B.
5. Ammeter

D.

F.
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6. Label the following simple schematic:

_ =--C (D

b.

T+ b+

7. What formula do you use to find the values of voltage,
current, and resistance in a basic electrical circuit?

a. Ohm's law c. Law of magnetism
b. Newton's law d. Law of power

8. If you have an applied voltage of 40 volts and a
resistance of 5 ohms, what would your current flow be?

a. 8 amps c. 200 amps
b. 40 amps d. 320 amps

9. What is the formula for finding power?

a. P= E x R c. P= E x I
b. P= R + I d. P= E + I

10. If you have a current flow of 6 amps and an applied
voltage of 220 volts, what would the wattage be?

a. 1200 watts c. 1280 watts
b. 1240 watts d. 1320 watts

11. Total resistance is the sum of all the resistances,
current flow is the same throughout the circuit, and
voltage divides among resistances as it is needed are
characteristics of what type of circuit?

a. Alternating current c. Parallel
b. Direct current d. Series
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12. Voltage remains the same across each branch. Total
current is equal to the sum of all current flows. Total
resistance is equal to the voltage divided by the total
current and is always less than the smallest resistance.
These are characteristics of what type of circuit?

a. Alternating current c. Parallel
b. Direct current d. Series

13. What methods do you apply to find the resistance of a
circuit with multiple resistors of unequal value?

a. Power--voltage c. Reciprocal--product over sum
b. Ohms--power d. Total--value

Item 14 refers to the following schematic:

5
OHMS

20
OHMS

10
26 V OHMS

20
OHMS

14. In the schematic shown above, what is the total
resistance?

a. 2 ohms c. 13 ohms
b. 7 ohms d. 55 ohms

15. When applying the left hand thumb rule, what does the
direction your fingers are pointing represent?

a. Conductors c. Current flows
b. Lines of force d. Generating sources

16. What happens to the magnetic field when a conductor is
wound into a loop?

a. Strength increases c. Remains unchanged
b. Strength decreases d. Reverses direction

1-26



LeSSOn 3. ALTERNATING CURRENT (AC) CIRCUITS

LEARNING OBJECTIVES

1. Identify the definition of alternating current (AC).

2. Provided with a list of alternating current sine wave
terms and definitions, match each term with its
definition.

3. Provided with the peak value of an AC sine wave, compute
the alternating current values of the sine wave.

4. Identify the definition of inductance.

5. Identify the definition of capacitance.

6. Identify the three legs of the impedance triangle.

7. Identify the formula for finding the power factor in an
AC circuit.

8. Identify the three essential parts of a transformer.

9. Provided with a transformer in which the turns ratio and
the voltage across a set of windings is known, determine
the voltage across the other set of windings.

1301. Alternating Current

Electrical current flow, as previously stated, consists of
electrons moving in a circuit. Since the electron is negatively
charged, it is repelled at the negative terminal of the voltage
source (generator or battery) in the circuit and attracted to the
positive terminal. Simply stated, electrons travel from negative
to positive. In the direct current (DC) circuit, current moves
in one direction only; however, in the alternating current (AC)
circuit, the polarity of the current changes at regular
intervals. So, the electrical current that regularly changes
direction in a circuit is called alternating current. Those
alternations in current flow are illustrated in figure 1-17. The
solid arrows indicate the direction of current flow during the
positive alternation, and the dotted arrows show the current flow
during the negative alternation. Since the current flow
continuously changes direction, it is called alternating current.
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AC POWER CURRENT FLOW DURING
SOURCE POSITIVE ALTERNATION

NEGATIV ATERATION

4-

Fig 1-17. Electron flow in an AC circuit.

If you drew a graph showing the amplitude of direct current
voltage across the terminals of a battery with respect to time,
it would appear as in figure 1-18. You would see that the DC
voltage has a constant amplitude.

+Vr--

OY ~~TIME--_b
(A) DIRECT VOLTAGE

Fig 1-18. DC amplitude.

1302. Sine Waves

AC voltage, though, goes through periodic changes in amplitude as
shown in figure 1-19. The pattern which results when these
changes in amplitude with respect to time are plotted on graph
paper is known as a wave form. This wave form can take many
shapes as shown in figure 1-19. Of the three wave forms shown,
the sine wave is the most commonly used.

ov E V
V_________E OV TIME - V I'TIMIE

RECTANGULARWAVE SAWTOOTH WAVE SINE WAVE

Fig 1-19. AC amplitude.

1-28



The sine wave is nothing more than the plot of a current which
changes amplitude and direction. Although there are several ways
of producing this current, the method based on the principle of
electromagnetic induction is by far the easiest and most common.
In this method, an electrical current is created by passing a
conductor through a magnetic field. There are some relationships
between magnetism and electricity that you must know to become
proficient in the electrical field. These relationships are:

* An electrical current always produces some form of
magnetism.

* The most common way of producing or using electricity
involves magnetism.

* The peculiar behavior of electricity under certain
conditions is caused by magnetic influence.

* Passing a conductor through a magnetic field creates an
electrical current in the conductor.

* Current flowing through a conductor creates its own
magnetic field.

Take a look at figure 1-20 to see how a sine wave is created by
passing a conductor through a magnetic field. In this figure, a
suspended loop of wire is being rotated through the magnetic
field between the poles of a permanent magnet. For ease of
explanation, the loop has been divided into a dark half and a
light half.

CONDUCTORS AT RIGHT CONDUCTORS
ANGLE TO LINES OF PARALLEL TO LINES
PORCE, EMF MINIMUM OF PORCH,. FPMF

MAXIM1 M DIRECTION OF
l \ <:uluusNr ~~~~~~~~~~~LCItO'AlI'IONOTATION~~~RTAIO

(A) (C (I)) (E) j

DIRECTION OF I
XCIIRRRNNTg

ZERO ONE CYCLE

11 ONE ALTERNATION 

Fig 1-20. Rotating a loop through a magnetic field.

Notice that when the loop is not cutting any lines of force, no
EMF or voltage is induced. As the loop starts to rotate through
the lines of force, an induced voltage rises and falls in the
loop.
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It reaches its maximum point when the loop is closest to the
magnets, thereby cutting the maximum number of lines of force (B
and D). It reaches its lowest point when the loop is an equal
distance from both magnets (C and E). The positive half of the
wave form occurs when the wire is near the south pole of the
magnet (B), and the negative half of the wave form occurs when it
is near the north pole (D). As the wire approaches a magnet, the
voltage rises. The voltage falls as the wire moves away from the
magnet. This is called one alternation.

When the wire has passed both of the magnets, it has completed
two alternations, one positive and one negative. When two
alternations have been completed, the wire is said to have
completed one cycle. A cycle is represented by the symbol Hz.
The number of times a cycle is completed in one second is called
the frequency. In recent years, this has been expressed as hertz
per second or simply hertz. So if the wire completes 60 cycles
per second, this would equal 60 hertz. The two most common
frequencies used by the military are 60 and 400 hertz.

1303. Alternating Current Values

In discussing alternating current, you will often find there are
different ways of expressing current and voltage values. The
reason for this is direct current is a constant force while
alternating current is a continuous rising and falling wave form;
therefore, direct current has a constant value while the
alternating current value continuously builds and falls. Take a
look at figure 1-21. Alternating current is a positive and
negative curving wave form that has different values depending on
where in the wave form you check the value.

Some of the more common values that are measured on alternating
current are maximum or peak value, effective value, average
value, instantaneous value, and peak-to-peak value. Each of
these values has a different meaning and is used to describe a
different amount of current or voltage.

MAXIMUM OR PEAK (1.41 x EFFECTrVE)

EFFECTIVE (.707 x PEAK)

AVERAGE (.636 x PEAK)

-4-r X---------------

I INSTANTANEOUS
I VALUES

PEAK TO PEAK (2 x PEAK)

Fig 1-21. AC values.
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Maximum or peak value is the highest point reached on either the
positive or negative alternation. Since this is the maximum
output that can be produced by the magnetic field, this value is
often used to express generator output voltage. From now on, the
maximum or peak value will be referred to as just peak value.
The formulas for determining peak value are:

Peak value = 1.414 x effective value

or

Peak value = 1.57 x average value

Effective value or root mean square (RMS) is the value that you
will be working with the most in alternating current. All meters
and gauges, unless marked otherwise, are calibrated to indicate
effective values of current and voltage.

The formula for determining effective value is:

Effective value = .707 x peak value

or

Effective value = 1.11 x average value

Effective value is the AC value that will have the same effect on
a resistance as a comparable value of direct current. Remember
that alternating current, unlike direct current, is not a
constant force. Peak and effective values for direct current are
the same. For alternating current to have the same effect on
resistance as direct current, the alternating current will have
to have a higher peak value.

Average value of an alternating current is the average of all the
instantaneous values during one alternation. Since the voltage
is increasing from zero to peak or decreasing from peak to zero,
the average value can be anywhere between these two limits.

The formula used to find average value is:

Average value = 0.636 x peak value

or

Average value = 0.9 x effective value

Instantaneous value is the value at any particular instant.
Since the wave form is constantly rising and falling, this value
could range anywhere from zero to the peak value. It all depends
on the instant in time when the measurement is made. Peak to
peak value is simply the value from the negative peak to the
positive peak. This value is twice the peak value.
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Now let's see if you have been paying attention. Suppose you
have a circuit that is known to have an AC voltage of 120 volts
and a peak current of 30 amperes. What are the peak voltage
(Eix) and effective current (Ieff) values?

E =

ieff =

That was easy. With an effective voltage of 120 volts, the peak
voltage will be 120 x 1.414 or 169.68 volts. Finding the
effective current was easy also. With a peak current of 30 amps,
the effective current will be 30 x .707 or 21.21 amps.

While on the subject of values, it might be well to discuss what
is known as apparent power. The apparent power of an AC circuit
is equal to the product of the effective voltage and the
effective current. Apparent power is expressed in volt-amperes
(VA). Most of the time the VA is a large number, therefore,
kilovolt-amperes (KVA) are used. To figure out KVA, divide VA by
1000. Thus, when someone expresses a quantity of kilovolt-
amperes, they are expressing the measurement of the apparent
power of an AC electrical system. Apparent power, or volt-
amperes is of considerable importance because it is volt-amperes,
not volts, that determine the operating limits of an AC
generator.

1304. Inductance

When an alternating current flows through a coil of wire, it sets
up an expanding and collapsing magnetic field around the coil.
The expanding and collapsing magnetic field induces a voltage
within the conductor which is opposite in direction to the
applied voltage. This self-induced voltage opposes the applied
voltage and lessens the effect of the applied voltage. This
self-induced voltage tends to keep the current moving when the
applied voltage is decreasing and opposes the current flow when
the applied voltage is increasing. This property of a conductor
which opposes any change in the value of the current flowing
through it is called inductance. Remember, the opposition to the
rise or decay of current flow occurs only when there is a change
in the applied voltage. When there is no change, the current
remains at its steady rate dependent only upon the resistance of
the coil.

To get a mental image of the effect of inductance, picture
yourself standing in a swimming pool. Try to walk forward and
then come to a stop. You have to overcome a force when you walk
but when you try to stop, the water keeps pushing you forward.
This is similar to inductance.
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The inductance of a coil is measured in henrys, and the symbol
for inductance is L. In any coil, the inductance depends on
several factors. The main ones are (1) the number of turns of
wire in the coil (when you increase the number of turns in the
wire, you increase the strength of the magnetic field which
increases the inductance), (2) the cross-sectional area of the
coil, and (3) the material in the center or core of the coil. (A
core of magnetic material greatly increases the inductance of the
coil.)

Remember, even a straight wire has inductance, small though it
may be, when compared to that of a coil. All AC motors, relays,
transformers, and other such equipment contribute inductance (or
inductive reactance) to a circuit.

In an AC circuit containing inductance, there is opposition to
the flow of current in addition to the resistance normally
present. The extent of this opposition depends on two things:

* The frequency of the applied voltage

* The amount of inductance that is present in the circuit

This opposition is known as INDUCTIVE REACTANCE. Inductive
reactance is identified by the symbol XL and is measured in ohms.

The formula used for finding inductive reactance is:

XL = 2X (f x L)

where:

2 iT = 6.28

f = frequency in hertz

L = inductance in henrys

Because of the nature of a counter EMF (counter voltage), there
is no actual loss of electrical energy. Therefore, even though
inductive reactance is in opposition to alternating current flow,
it does not cause a loss, but it does require a greater applied
voltage to overcome this additional opposition. Because of the
opposition by inductive reactance, current lags voltage in an AC
circuit. You will quickly see, if you multiply the instantaneous
values of the voltage and current together, that the power output
is greatly diminished when this out-of-phase condition exists.
Also, if the circuit is purely inductive, the current will lag
the voltage by 900. Figure 1-22B shows this current lag in a
purely inductive circuit.
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1305. Capacitance

While inductance is a property of a coil in any circuit,
capacitance is a property of a capacitor. The definition of
capacitance is the property of an electric nonconductor that
permits the storage of energy. Capacitance in a circuit opposes
any change in voltage. Compare this to inductance which is the
property that opposes a change in current. A capacitor is a
device having the ability to store, or hold, a charge of
electricity. When this device is placed in an AC circuit, it
stores voltage on one alternation (1/2 cycle). When the current
is at the point of reversing polarity, the capacitor discharges
in the original current direction on the second half alternation.
The unit of capacitance is called the farad.

In a circuit where there is only capacitance, the current leads
the applied voltage. This is in direct contrast to a circuit
containing pure inductance where the current lags the voltage.
Capacitance, like inductance, offers opposition to the flow of
alternating current. This opposition is called capacitive
reactance and is measured in ohms just as inductive reactance is
measured and is designated by the symbol "Xc.''

X = 1
2 T x F x C

where:

2 7T = 6.28

f = frequency in hertz

C = capacitance in farads

Go back for a moment to the formula for inductive reactance and
compare it to the formula for capacitive reactance.

By comparing the two formulas, you can see that while XL is
directly proportional to the frequency, inductance Xc is
inversely (the exact reverse) proportional to the frequency and
capacitance. Another way of saying the same thing is that XL
increases as the frequency and inductance increase, and Xc
decreases as the frequency and capacitance increase.

This simply means that since inductive and capacitive reactance
act in opposite directions, one can be used to cancel out the
effects of the other. How is this accomplished? You know that
if a circuit contains a large value of inductance, it will cause
the current to lag the voltage, and by the same token, you know
that too much capacitance will cause the current to lead the
voltage. (See figure 1-22C.)
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Therefore, by adding just enough capacitance to the circuit to
counteract the effects of the inductance, you can bring the
current and voltage back into phase (See figure 1-22A). This is
usually done in AC circuits and causes the apparent power and
true power to be equal.

E.M.F. E.M.F. E.M.F.

CURRENT CURRENT CURRENT

e 3600 , r 2700 3600 /8 2700 3

LAG LA

A. CURRENT AND B. EFFECT OF INDUCTANCE C. EFFECT OF CAPACrrANCE
VOLTAGE IN PHASE

Fig 1-22. Effects of capacitance and inductance
on AC voltage and current.

1306. Impedance

Impedance is the term used for the total opposition to current
flow in an AC circuit. Although reactance and resistance cannot
be added together directly, it is their combined effect in a
circuit that gives us impedance. The three legs of the impedance
triangle in figure 1-23 are reactance, resistance, and impedance.
The length of the reactance line shows the total reactance (the
difference between XL and Xc). The length of the resistance line
shows total resistance. The resulting length of the impedance
line shows total opposition to current flow. Because impedance
opposes current flow, it has the same unit of measurement as
resistance--the ohm. The symbol for impedance is Z.

To compute impedance, use the formula Z = J2+XL2

1l IM|PDANCE
z

M|XL-XC\

RESISTANCE

Fig 1-23. The impedance triangle.
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1307. Power Factor

You learned that the unit of electrical power is the watt and
that electrical power is the rate of doing work. Another way of
expressing the same thing is that "power is the rate at which
electrical energy in a circuit is spent." In a DC circuit, power
is equal to the voltage multiplied by the current in the circuit.
To calculate power, the formula is P = E x I, or watts equal
volts times amps. Consequently, if 1 amp flows in a DC circuit
with a force behind it of 220 volts, the power is 220 watts.
This product of the volts and the amps is what is known as the
true power in the circuit, but this is only true for a DC
circuit.

In an AC circuit, a voltmeter indicates the effective voltage and
an ammeter indicates the effective current. Apparent power is
the product of these two readings. It is only when the AC
circuit consists of pure resistance that the apparent power is
equal to the true power.

The ratio of the true power to apparent power is known as the
power factor. It is usually expressed in percentage and the
formula is written:

Power factor (Pf) = true power
apparent power

Let's take a look at the power relations in an AC circuit. The
triangle in figure 1-24 displays the relationship between
reactance, true power in watts, and apparent power in volts times
amperes. If the circuit were a pure resistance circuit and
contained no reactance, the reactance side of the triangle would
diminish to zero. Apparent power and true power would then lie
along the same line and would be equal.

sL1 \ APPARENT POWER
AS X MPERES

TRUE POWER

WATTS

Fig 1-24. Power relationship.
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In an AC circuit, the true power is less than the apparent power
when the current and voltage are out of phase. This out-of-phase
condition is caused by the amount of capacitance or inductance in
the circuit. The true power in an AC circuit can be found by a
wattmeter reading and not by simple multiplication as it is in DC
circuits. The power factor is the ratio of the true power (base
line) to the apparent power (hypotenuse) and it is usually
expressed as a percentage.

You can see how this relationship looks in the following
equation:

Power factor = watts (the true power)
volts x amps (the apparent power)

WATTMETER 0-10,000
VOLTMETER 0-300 _ _______

AMMETER 0-100

J _ \ ~~~~~50 AMPS
220 V 9350 W A

.____X___ CURRENT COIL

VOLTAGE COIL

A.<C. @00O g) A.C. MOTOR
SUPPLY

Fig 1-25. Power factor measurement.

Figure 1-25 should clarify the measurement of the power factor in
a typical circuit. As you can see, the 220-volt AC motor is
apparently taking 50 amps from the line. Since apparent power is
volts times amps, that works out to 220 x 50 = 11,000 watts. The
wattmeter in the line, however, shows that only 9,350 watts are
taken by the motor. Obviously, there is a disparity here and
we've got to go a little further. You have to find the power
factor to analyze the situation.
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Power factor = watts (the true power)
volts x amps (the apparent power)

Pf = 9,350 Pf = .85 or 85 percent
11,000

As pointed out earlier in 1303, the paragraph on alternating
current values, volt-amperes in alternating current is important
because it determines the operating limits of an AC generator.
Since it is so important, perhaps more should be said in regard
to these limits.

The output limits of an AC generator are principally determined
by the temperature rise that occurs in the windings. This
increase in temperature is caused by core and copper losses.
Core losses are fixed by the operating voltage and frequency;
these you can do nothing about. Copper losses, on the other
hand, are determined by the amount of current being produced, and
this you can control. Full load (maximum output capability) is
reached when the generating equipment is carrying the full rated
current at the rated voltage and frequency. Any increase in load
that exceeds the rated output will likely cause overheating and
damage to the generator.

1308. Transformers

As stated in 1209, the paragraph on magnetic lines of force,
there are magnetic fields surrounding all current carrying
conductors. As current increases, the magnetic field increases,
and as current decreases, the field decreases. During the time
the field changes, it cuts across the conductor and produces
voltage. This voltage (EMF) is called self-induced voltage
because the voltage is induced in the conductor carrying the
current. It is also called counter-electromotive force (CEMF)
because its polarity is opposite to the applied voltage. In a
coil, the magnetic field will be increased due to the close
proximity of the windings; this has an unusual effect on the coil
and the field. As the current increases, the field will increase
until it completely covers the coil. If another coil is brought
within this field, the voltage created by the field will travel
through the other coil. This is what happens in a transformer.

In the discussion of electromagnetism, we said that the
production of voltage or electromotive force requires a relative
motion between a magnetic field and a conductor and that motion
is produced mechanically in generators. You can also produce
this relative motion electrically by building up and collapsing a
magnetic field that travels through or across another conductor.

A transformer is a device that transfers electrical energy from
one circuit to another by electromagnetic induction. There are
many types of transformers, but what they all have in common are
their three essential parts: a primary coil, a secondary coil,
and a core.
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The energy is always transferred without a change in frequency
but usually involves a change in current or voltage.
Transformers work on the principle of induction. They must have
an AC supply to provide a continuous output.

If you apply an alternating current to a coil, a magnetic field
will build up and collapse during each half-cycle. For example,
a 60-cycle current will build up and collapse a magnetic field
120 times per second. If a second coil is placed next to the
first coil, the same magnetic field will build up and collapse
across the second coil and induce a voltage in that coil. This
is the principle on which transformers work (figure 1-26).

COIL COIL B

APPLIED VOLTAGBE!: OUTGOING POWER
TO PRIMARY IpIUGIN OE
WINDINGS FROM SECONYNDA

WINDINGS "I' FROMINSEODR

MAGNETIC FIELD

Fig 1-26. Transformer action.

The coils are referred to as windings. The transformer has
primary windings and one or more secondary windings. The
windings in a hollow core transformer are placed side by side.
In a shell type core, the secondary windings are wound on top of
the primary windings. In both types, the primary windings are
connected to the source voltage and the secondary windings are
connected to the loads.

A transformer is a very effective device because it has no moving
parts that might malfunction and therefore requires very little
maintenance. Inside a transformer there are at least two coils
and a core that holds the windings (coils) in place and provides
a path for the magnetic lines of flux. The coils and core are
the only essential parts of a transformer. The transformer core
is made of soft iron, silicon steel, a special ferrite, or air.
Soft iron and silicon steel are used when the frequency is below
20,000 Hz. Ferrite and air cores are used when the frequency is
above 20,000 Hz. Steel or iron cores are not a solid chunk of
metal; they are made of many thin slices of core material
laminated with insulating varnish. Figure 1-27 shows the
schematic symbols for the two main types of cores.
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Fig 1-27. Transformer cores.

1309. Transformer Voltage

If both the input or primary windings and the output or secondary
windings have the same number of turns in the coils, then the
voltage created from the field will be the same. However, if the
secondary windings have more turns, a greater voltage will be
created. If there are fewer turns in the secondary winding, the
voltage created will be less. The turns ratio is a comparison
between the number of turns in the primary windings to the number
of turns in the secondary windings. If the primary windings have
11 turns and the secondary windings have 22 turns, then the turns
ratio is said to be 1:2 or 1 to 2. All transformers will have
the turns ratio marked on the side. By having varying numbers of
turns, a transformers can produce more or less voltage in the
secondary windings than the voltage applied to the primary
windings. Transformers that produce more voltage in the
secondary than in the primary are referred to as step up
transformers. Those that produce less voltage in the secondary
than in the primary are step down transformers. The uses of both
types are endless. Most electronic devices contain transformers
to operate the instruments, lights, and other components.

Let's look at an example. If a supply voltage of 120 volts is
applied to a transformer with a 3:4 turns ratio, what would the
secondary voltage be? Using simple mathematics of fractions, the
equation is:

PRIMARY VOLTAGE = NUMBER OF PRIMARY WINDINGS
SECONDARY VOLTAGE NUMBER OF SECONDARY WINDINGS

With this in mind, the equation would be 120 3
X 4

Using cross multiplication, you multiply 3 times X and 120
times 4. This works out to 3X = 480. Divide both sides by
3, and you end up with X = 160.
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So, with a supply voltage of 120 volts and a transformer with a
3:4 turns ratio, the secondary voltage would be 160 volts.

If you had a step down transformer with a 5:1 turns ratio and
your supply voltage was 120 volts, what would your secondary
voltage be? Using the formula on the preceding page, your
equation would be:

120 = 5
X 1

Your answer after cross multiplying is 5X = 120

Divide both sides by 5 and you have X = 24.

The secondary voltage in this case is 24 volts.

If you know the secondary voltage but not the supply voltage, use
the same formula. Using the above example of a 5:1 turns ratio
and a secondary voltage of 24 volts, the formula would be:

X = 5 This gives you X = 120 volts or a supply voltage of
24 1 120 volts.

Transformers are often wound with extra taps (connection points)
on the secondary winding which allow for a greater choice of
output voltages. With numerous taps on the secondary winding,
you can choose the voltage that you want. For example, a
secondary winding that produces 240 volts and has a center tap
will produce 120 volts from the center tap and either end of the
coil, whereas the whole coil will produce the full 240 volts.
Some transformers have numerous taps along their coils so that a
wide variety of voltage selections can be made.

Lesson Summary. During this lesson, you learned some of the
basic principles of alternating current. You saw how induction
affects alternating current and how transformers work to change
the value of AC voltage. You should now be able to apply these
principles to the study of mobile electric power generators which
we will cover in the next study unit. We will also cover several
other pieces of electrical equipment germane to the 1141 and 1142
MOSs.
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Exercise: Complete items 1 through 14 by performing the action
required. Check your responses against those listed
at the end of this study unit.

1. What is the definition of alternating current?

a. An electrical current that flows in only one
direction in a circuit

b. An electrical current that regularly changes
direction in a circuit

c. The property of a conductor which opposes any change
in the value of current flowing through it

d. The property of a conductor which opposes any change
in the value of voltage flowing through it

Matching: For items 2 through 4, match the alternating
current sine wave terms in column 1 to their definitions in
column 2. Place your responses in the spaces provided.

Column 1 Column 2

Term Definition

2. Cycle a. The number of cycles per
3. Alternation second of an alternating
4. Frequency current

b. The completion of two
alternations

c. One half of a sine wave
either positive or negative

d. A straight line drawn on a
scale representing units of
force

5. Given a peak value of 120 volts, what is the peak-to-peak
value?

a. 240 volts c. 84.84 volts
b. 169.68 volts d. 76.32 volts

6. Given a peak value of 120 volts, what is the average
value?

a. 240 volts c. 84.84 volts
b. 169.68 volts d. 76.32 volts

7. Given a peak value of 120 volts, what is the effective
value?

a. 240 volts c. 84.84 volts
b. 169.68 volts d. 76.32 volts

1-42



8. The property of a conductor which opposes any change in
the value of the current flowing through it is called

a. capacitance. c. impedance.
b. inductance. d. resistance.

9. The property of an electric nonconductor that permits the
storage of energy is called

a. capacitance. c. impedance.
b. inductance. d. resistance.

10. What are the three legs of the impedance triangle?

a. Reactance, resistance, and impedance
b. Reactance, impedance, and capacitance
c. Reactance, inductance, and impedance
d. Impedance, capacitance, and inductance

11. What formula is used to find the power factor? Power
factor equals

a. out of phase plus in phase power.
b. effective power plus true power.
c. true power divided by apparent power.
d. apparent power divided by true power.

12. The three essential parts of a transformer are primary
windings, secondary windings, and the

a. core. c. conductor.
b. insulator. d. taps.

13. If 100 volts are placed across the primary windings of a
transformer that has a turns ratio of 4:1, what is the
voltage across the secondary windings?

a. 20 volts c. 200 volts
b. 25 volts d. 400 volts

14. How much voltage must be applied to the primary windings
of a transformer with a turns ratio of 6:5 to get 100
volts across the secondary windings?

a. 600 volts c. 60 volts
b. 120 volts d. 12 volts
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UNIT SUMMARY

In this study unit, you were given an introduction to
electricity. You were shown some of the more common terms and
symbols used in the electrical field, DC and AC circuits, and the
effects of magnetism on a circuit. In the next study unit, you
will be introduced to some of the more common electrical
equipment in the utilities field. You will also become familiar
with the components and operating instructions associated with
this equipment. The next study unit will also include the
records and forms you'll need to use as you operate and maintain
electrical equipment.

Lesson 1 Exercise Solutions

Reference

1. Protons, neutrons, and electrons 1101
2. Current that flows in one direction only 1102
3. Voltage causes current to flow through a

conductor 1103
4. Heat, magnetism, chemical action, and

physical shock 1104
5. The opposition of a steady current flow

through a substance 1105
6. Insulators, conductors 1106

Lesson 2 Exercise Solutions
Reference

1. f. 1201
2. d. 1201
3. a. 1201
4. b. 1201
5. c. 1201
6. 1202

a. Switch

c. Lamp ( Do
b. Battery
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7. a. 1203
8. a. 1203
9. c. 1204
10. d. 1204
11. d. 1205
12. c. 1206
13. c. 1207
14. c. 1208
15. b. 1209
16. a. 1210

Lesson 3 Exercise Solutions

Reference

1. b. 1301
2. b. 1302
3. c. 1302
4. a. 1302
5. a. 1303
6. d. 1303
7. c. 1303
8. b. 1304
9. a. 1305
10. a. 1306
11. c. 1307
12. a. 1308
13. b. 1309
14. b. 1309
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STUDY UNIT 2

ELECTRICAL EQUIPMENT

Introduction. The demand for electricity in military field
operations is extensive and varied. Electricity powers
equipment ranging from rock crushers to missile launchers
including equipment in aircraft, ships, and land vehicles.
It is also vital to command and control centers and to
medical, dental, support, and maintenance facilities. As an
electrician it will be up to you to help provide the
electricity needed to meet these requirements.

One of your most important missions as a Marine Corps
electrician is to establish and maintain electrical power for
a field camp. To do this, you need to know how to set up,
operate, and maintain the electrical equipment used in the
utilities field. You will also need to know how to fill out
the Consolidated Engineer Equipment Operation Log and Service
Record (NAVMC 10524). This study unit will provide you with
the knowledge and skills to do all these things.

Lesson 1. SELECTING AND SETTING UP A GENERATOR SITE

LEARNING OBJECTIVES

1. State the four factors to consider when selecting a
generator site.

2. Identify the maximum number of degrees a generator can be
out of level.

3. Identify the maximum distance an auxiliary fuel supply
can be positioned from the generator.

4. State the preferred grounding device for a generator (or
other equipment).

5. State the most common device to use to ground a generator
or other equipment.

6. Identify different types of soils according to their
grounding qualities.

7. Identify the substance that is mixed with water to
improve the grounding quality of dry, loosely packed
soil.
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2101. Four Factors to Consider When Selecting a Generator Site

Before operating a generator, you have to select the best site
and ensure that the generator is positioned and set up properly.
The location of the generator set affects the efficiency of the
power system--selecting a generator site is not quite as easy as
pulling the generator as close to the camp as possible and
hooking it up. There are four factors that, when carefully
considered, will not only make the site safer, but make your job
a lot easier as well. These factors are:

* Individual demands
* Weight and size of equipment
* Servicing requirements
* Noise level

Individual demands are the most important factor to consider when
selecting the site. First, you must determine where the largest
demands are located and then place generator set(s) in positions
that will support those demands. Doing this will reduce the size
of wire (cable) required, minimize line voltage loss, and provide
voltage control at the demand end of the line. If you are going
to be operating a generator from a remote site, the generator
must be placed within 50 feet of the site.

2102. Proper Leveling of a Generator

Make sure you select a site large enough to support the size and
weight of equipment. The area should be clean, level, dry, and
well-ventilated. Use planks, timbers, logs, ammunition boxes, or
other material to prevent the skids or frames from sinking into
soft earth. For a generator set to run properly, it must be kept
level; never tilt a set more than 15 degrees in any direction.
If you are going to be operating generators in parallel, they
must be placed within 25 feet of each other since the cables used
to parallel generators are only 25 feet long. (The procedures to
parallel generators will be covered in detail later in the
course.)

2103. Proper Generator Auxiliary Fuel Supply Positioning

Locate and position a generator so that it can be efficiently
serviced. When possible, place it near all-weather roads to make
servicing easier. Remember, during extended use, you will need
to refuel a generator up to three times a day; make the job as
easy as possible. As is true of the paralleling cable, the
auxiliary fuel line is only 25 feet long, so auxiliary fuel
supplies must be positioned within 25 feet of the generator.

Noise level is also a factor to consider when selecting the site
and positioning a generator. Since most generators produce a
high level of noise, position them away from areas where noise
may be a problem. Although noise is probably the least important
factor in site selection, there are ways, such as building a
berm, to help reduce the noise level. Don't forget drainage!
Figure 2-1 shows an example of a generator site.
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Fig 2-1. Generator site.

Once the site has been selected and the generator is in place,
the next step is to provide a discharge path that will allow
electricity to flow from the frame of the generator set to the
earth. We do this with what is known as an earth ground system
(EGS).

2104. Grounding With a Ground Pipe (Preferred Method)

One of the all-time myths is "Grounding of equipment is time
consuming and ineffective, so why bother?" A good EGS provides
safety for powered equipment, protects against static
electricity, and limits the system-to-frame voltage for operator
safety. Grounding provides a discharge path for short circuits
and lightning and prevents damage caused from surges. The EGS
must have less than 10 ohms impedance (resistance) as measured
between earth and the generator ground connection.

There are numerous materials and methods for grounding generating
equipment but the preferred and most effective way to ground
equipment is by connecting it to a buried metal ground pipe,
particularly one which is a part of an underground water
distribution system. You can also fabricate a ground pipe; if
you do make a ground pipe, be sure to use clean metallic stock of
at least 3/4" trade size or larger. Iron or steel pipes must be
galvanized or coated for corrosion protection. Since you
probably won't find these systems out in the field, drive one or
more ground rods into the ground or bury them to make an
acceptable EGS.
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2105. Grounding With Ground Rods (Most Common Method)

The ground rod is the most common way to ground a generator. The
standard ground rod used by military units is a 5/8" copper rod
with three 3-foot sections. To install the ground rod, drive it
at least eight feet into the soil--this is the standard minimum
acceptable depth. The rod must also extend below the moisture
level as shown in figure 2-2.

Note: If you are unable to drive the rod eight feet into
the ground and you have to bury it in a horizontal
trench, ensure that it is buried at least four feet
deep and below the moisture level as shown in figure
2-3.

#6 COPPER WIRE

#6 COPPER WIREI

MOISlTURE ii_ eF LMIN6MUa -,;;
MOISTURE LEVEL W -

| 8 Fr MINIMUM -|

Figure 2-2. Ground rod vertical. Figure 2-3. Ground rod or
pipe in trench.

If one ground rod (three sections) does not produce an acceptable
ground, you can form a network using three or more rods. If
three rods form the network, place them in a triangular pattern.
If you install more than three rods, place them in a star or
boxed pattern. The distance between the rods should be about 20
feet. Even when you are using additional rods, you must still
drive them into the ground to a minimum depth of 8 feet if at all
possible. Connect the ground cable from the generator set to the
closest rod in a triangular or boxed pattern and to the center
rod in a star pattern. Connect the rods together at their tops,
running the wire from the top of one rod to the top of the next
until all of the rods are connected.

You can use a ground plate as an alternate method of grounding.
Its area must be at least 9 square feet (3 feet in width and
length). An iron or steel plate may be fabricated and
substituted for a plate electrode if it is at least 1/4" thick
and coated against corrosion. Bury the ground plate at least
four feet and below the moisture level as shown in figure 2-4.
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Fig 2-4. Ground plate.

Regardless of the grounding method you use, connect the
components using the shortest practical length of insulated size
#6 or larger American Wire Gauge (AWG) cable. Connect one end of
the cable to the ground terminal of the generator and tighten the
nut securely. Connect the other end of the cable to the EGS
(pipe, rod, or plate) with a ground clamp.

Before continuing, let's review some of the material that
we've covered. Answer the following questions:

Two of the four factors to consider when selecting a
generator site are individual demands and the weight and
size of the equipment. What are the other two?

How far should the standard ground rod be driven into the
ground?

2-5



You should have said that the other factors to consider are
servicing requirements and noise level. The standard
ground rod must be driven at least 8 feet into the ground.

If your answers were different from these, review paragraphs 2101
and 2105 before continuing.

2106. Soil Types and Grounding Qualities

Just because a generator ground rod or plate makes good physical
contact with the earth, doesn't guarantee that the system is
properly grounded. The type of soil, its moisture content, and
its temperature all have an effect on the electrical grounding
quality of the EGS.

The different types of soil and their grounding qualities are
listed in the following chart.

Table 2-1. Soil Grounding Qualities

TYPE OF SOIL QUALITY OF GROUND

Humus--Fine soil granules Very good
with high moisture content

Clay, loam, or shale Good

Mixed--Clay, loam, or Poor
shale with gravel or sand

Gravel, sand, or stone Very Poor

Soil is divided into two distinct layers. Topsoil, the first
layer, usually ranges from 1 to 6 inches deep. Because it is
often dry and loosely packed, topsoil is not a good conductor of
electrical current. Subsoil, the second layer, is usually
tightly packed, retains moisture, and provides the best
electrical ground. This is true because wet soil conducts
electric current better than dry soil and allows the grounding
system to work more effectively.

As we mentioned at the beginning of the paragraph, temperature
also affects the grounding system. When the temperature drops
below 32 degrees Fahrenheit and the soil freezes, the
effectiveness of the grounding system decreases. To develop a
good ground, make sure that the ground rod extends below the
frost line. If necessary, add additional ground rods to form a
more efficient EGS.
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2107. Improving Poor Soil Quality

You can always treat any frozen area with sodium chloride (common
table salt); this will thaw frozen soil and provide a more
effective ground. In most regions where the climate is hot and
dry, the soil will be extremely dry and loosely packed. When the
soil is in this condition, it provides a very poor electrical
ground. Again, use sodium chloride to improve the grounding
quality of this type of soil. Follow this procedure to improve
the grounding quality of dry, loosely packed soil:

* Mix 5 pounds of sodium chloride with 5 gallons of water.

* Dig a hole approximately 1 foot deep and 3 feet wide.

* Pour the solution into the hole and allow it to seep into
the soil.

* Position the ground rod in the hole, drive it into the
ground, connect the ground strap, and fill the hole with
soil.

* Keep the soil around the rod moist at all times.

Moist soil in tropical areas such as jungles or rain forests
provides good electrical grounds, but the fast build-up of
corrosion is a problem. To ensure a good electrical path, apply
waterproof tape where the grounding strap connects to the ground
rod and keep the ground rod clean and dry.

Lesson Summary. In this lesson,you were provided with the
knowledge and skills needed to select a generator site and
position generators. You identified the different grounding
methods and how to use each. You studied how soil conditions can
affect grounding and what you can do to provide a better ground
in different environments. In the next lesson, you will further
expand your knowledge by studying the family of generators that
the Marine Corps uses and the procedures for operating them.

Exercise: Complete items 1 through 8 by performing the action
required. Check your responses against those listed
at the end of this study unit.

1. What are the four factors to consider when selecting a
generator site?

a.

b.

c.

d.
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2. When positioning a generator, you must select a site that
will keep the generator level within how many degrees?

a. 5 C. 15
b. 10 d. 20

3. Auxiliary fuel supplies must be positioned within
feet of the generator.

a. 25 C. 75
b. 50 d. 100

4. What is the preferred device you should connect a
generator or other equipment to when grounding it?

5. What is the most common device to use to ground a
generator or other equipment?

6. Which soil type has a qood grounding quality?

a. Clay c. Mixed
b. Gravel d. Fine

7. Which soil type has a poor grounding quality?

a. Clay c. Mixed
b. Gravel d. Fine

8. What is the name of the common, everyday substance that
can be mixed with water to improve the grounding quality
of dry, loosely packed soil?

Lesson 2. OPERATION OF A GENERATOR

LEARNING OBJECTIVES

1. Select the generator that is considered to be the most
versatile and best meets the needs of a small maintenance
shop.

2. Select the generator that will produce enough output to
simultaneously supply the needs of several loads over a
large area.

3. State the purpose of selected generator components.
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4. Identify the steps in the procedure for performing
operational checks on a generator.

5. Identify the steps in the procedure for starting a
generator set.

6. Identify the steps in the procedure for stopping a
generator set.

Generators convert mechanical energy into electrical energy. In
the generator set, the engine provides the mechanical energy to
drive the generator. An internal fuel supply makes the set
independent and mobile. When equipped with accessories such as
electrical distribution systems, generators can produce the
electrical power needed by military units in the field.

2201. Generator Characteristics

As an electrician, you will be required to select the type of
generator that most closely meets the requirements of the task at
hand. The Marine Corps uses the Mobile Electric Power (MEP)
series of generators. Table 2-2 contains a list of the
generators and their characteristics.

Table 2-2. Generator Characteristics

MODEL KILOWATT FREQUENCY OUTPUT

120V, 3 PH-ASE, 3 WIRE
MEP-016B 3 60 1201240V, 1 PIHASE, 2 WIRE OR 120120BV, 3 PHASE, 4 WIRE

MEP-003A 10 60 120V, I PHASE, 2 WIRE120/240V, 1 PHKASE, 3 WIRE OR 120/208V, 3 PHASE, 4 WIRE

MEP-112A 10 400 120V, 1 PHASE, 2 WIRE
120/240V, 1 PHASE, 3 WIRE OR 120,208V, 3 PHASE, 4 WIRE

MEP-005A 30 50/60 120/208V OR 240/416V, 3 PHASE, 4 WIRE

MEP-114A 30 400 120/208V OR 2401416V, 3 PHASE, 4 WIRE

MEP-006A 60 50/60 120/208V OR 2401416V, 3 PHASE, 4 WIRE

MEP-115A 60 400 120/208V OR 240/416V, 3 PHASE, 4 WIRE

MEP-007A 100 50/60 120/208V OR 2401416V, 3 PHASE, 4 WIRE

MEP-007B 100 50(60 120/208V OR 240-416V, 3 PHASE, 4 WIRE
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As you can see, generator sets are designed to operate at various
voltages, frequencies, and power levels. To meet a particular
power demand, you must choose a set with the proper
characteristics. The first three generator sets listed in table
2-2 are medium sized generators and the rest are considered large
ones. If a large set is needed but is not available, several
small sets, each located near the load to be supplied, may be
used.

The medium size generator sets are driven by diesel engines and
produce between 3,000 watts (3 kW) and 10,000 watts (10 kW) of
electricity. They can deliver current at a frequency of 60 or
400 Hz. These medium sized generators have a reconnection switch
(fig 2-5) that the operator can use to select any of the
following output configurations:

Single-phase, two wire, 120 volts
Single-phase, three wire, 240 volts
Three-phase, three wire, 120 volts
Three-phase, four wire, 120/208 volts

OUTPUr SELECTOR
SWITCH

INSrRUCnONS:
ROTATESWPTCH TO T
DESIRED oLnTPur 
coNNecT stAD TO.
rNDICATED TERMINALS/\

240 VOLT/\

120 VOLT \/120208 VOLT
1 PHASe a d r 3 PHASe 4oWTRE

120 VOLT
3 PHASE3 WIREX

LI L2 L3 PUSH TO TURN

Fig 2-5. Reconnection switch.

Generator sets that produce 60 Hz are used for general power
requirements and provide a wide range of power outputs. The sets
that produce 10 kW at 60 Hz are the most versatile because their
individual outputs are adequate to provide for the needs of small
maintenance shops or other similar activities. These generators
are usually mounted on skids to increase their mobility.
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2202. Special Characteristics of High Load Generators

Large AC generators are driven by diesel engines and produce 30,
60, or 100 kW of electricity at 50/60 Hz or 400 Hz. These large
generator sets produce electricity for lighting and power in
buildings and for other general loads. They can produce enough
output to simultaneously supply the needs of several different
loads over relatively large areas. For instance, such generators
can deliver three-phase, four wire power at either 120/208 or
240/416 volts. Output delivered at 50 Hz is 82 percent of the
generator's rated power while output delivered at 60 Hz is 100
percent of the generator's rated power. For example, the MEP-
006A generator produces 60kW at 60 Hz or 49kW at 50 Hz.

There are two general classifications of generator sets, utility
and precise, the main difference being their engine governor
systems. The utility generator sets do not have the type of
governor system that provides for the degree of close automatic
frequency regulation that the precise generator sets have.

When selecting the proper generator, you will need to consider
the output capabilities (previously discussed) and engine cooling
requirements. Since all generator sets now have diesel engines,
the main concern is the type of cooling system, air or water.
Table 2-3 lists the generator sets presently in use, identifying
power outputs, engine systems, types of cooling systems, and the
technical manuals that contain important operational and
maintenance data.

Table 2-3. Generator Set Data and Publications

Generator Kilowatt Frequency Cooling Technical Manual
Model Output (Hz) System

MEP-016B 3 60 Air TM 05926B/06509B-12

MEP-003A 10 60 Air TM 05684C/06585B-12

MEP-112A 10 400 Air TM 05684C/06585B-12

MEP-005A 30 60 Water TM 0685BB/06859D-12

MEP-114A 30 400 Water TM 06858B/06859D-12

MEP-006A 60 60 Water TM 00038G/07499A-12

MEP-115A 60 400 Water TM 00038G/07499A-12

MEP-007A 100 60 Water TM 07464A-12

MEP-007B 100 60 Water TM 07464A-12

2-11



As you can see, the engines are either air or water cooled.
Remember, if an engine is water cooled, the appropriate level of
coolant/antifreeze must be maintained. If the engine is air
cooled, it's extremely important to provide adequate ventilation
around the generator during operation. The technical manuals
listed in table 2-3 contain information such as the fuel, oil,
and coolant capacities, and the types of fuel, oil, and coolant
that the engines require.

Answer the following two questions to see how well you're
doing. (If necessary, refer back to table 2-3.)

Which size generator is considered to be the most versatile
because it can meet the electrical needs of most small sized
maintenance units?

Which of the following generators would you select to supply
simultaneously several loads over a large area? Circle the
model number.

MEP-003A MEP-OOGA MEP-016B

You should have stated that the 10 kW 60 Hz generator is
considered to be the most versatile, and you should have
circled the MEP-006A because it is the only generator of the
three listed in table 2-3 that is large enough to provide
power to several loads at the same time over a large area.

If you had trouble answering either one of these questions, you
should review paragraph 2202 before continuing.

2203. Purposes of Generator Components

Now that you know the different types of generators used by the
Marine Corps and their characteristics, it's time to learn a
little bit about the purposes of components (and controls)
associated with generators. This is important since you could
very well work with these generators on a daily basis.

a. Left side components. Figure 2-6 shows a left side view of a
typical large size generator set.
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Fig 2-6. Generator left side view.

Keep in mind that a generator set is nothing more than a diesel
engine turning a generator to create electricity and that the
left side contains the gauges that monitor the operation of the
engine. With that in mind, let's take a look at some of the more
common components on the left side of the generator.

The controls, gauges, and protective devices that monitor engine
and generator operation are located on the control panel at the
front of the generator. The function and operation of the
components on the left and right sides will be described in
detail in this lesson. We'll start with the left side
components.

(1) Paralleling receptacle. This receptacle is used to
electrically join generator sets for parallel operation.
Parallel operation is covered in lesson 4.
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(2) Main load contactor. This is the point where the load
cables (from the machinery or equipment needing power)
are connected to the generator. The cables are inserted
through the plate and boot assembly of the generator and
are connected to their respective terminals as shown in
figure 2-7.

Fig 2-7. Main load contactor.

Note: Contacts inside the main load contactor close and
provide power to the connected loads when the circuit
breakers on the control panel are closed.

(3) Reconnection board. The reconnection board (figure 2-8)
is where you select voltages and configure the generator
for outputs of either 120/208 volts (low wye) or 240\416
volts (high wye).

CHANGE BOARD NUT (12)

0 _ _

240/416OO

120/208

0 01
Fig 2-8. Reconnection board.
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(4) Fuel filler cap. Most generators have a fuel tank
capable of holding sufficient fuel to keep them running
for 8 to 10 hours. (Figure 2-6 shows the location of the
fuel filler cap on the left side of the generator and to
the left of the reconnection board.)

(5) Slave receptacle. All MEP generators come equipped with
a slave receptacle connected to the batteries. The
receptacle is used to supply or receive 24 volts and is
normally used to start a generator or other equipment
when extra cranking power is needed. The Marine Corps
has a universal slave cable for making the connections.

(6) Generator access doors. The function of the generator
access doors is self explanatory; however, you should be
aware that when the generator is in operation, all doors
should be closed except those at the control panel end.

(7) Radiator cap access door. To check the coolant level,
open the radiator cap access door and remove the radiator
cap. Proper coolant level is two inches below the filler
neck with the engine cold. If you look at Table 2-4 on
page 2-24, you'll see that this is a before operation PM
check.

b. Right side components. Now, having looked at the left side
components that monitor diesel engine operation, let's look at
the components on the right side of the generator (figure 2-9).
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Fig 2-9. Generator right side view.

Both the paralleling cable and the auxiliary fuel line are
located in compartments on the right side.

(1) Auxiliary fuel line. The auxiliary fuel line is used to
connect the set to an external or auxiliary source of
fuel.

Note: You should remember that both the paralleling cable
and the fuel line are 25 feet long.

(2) Air cleaner. The air cleaner filters incoming air for
combustion in the engine. The convenience receptacles
provide easy access to 120 VAC output.
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(3) Primary and secondary fuel filters and strainer
compartment. Equipped with petcocks that can be opened
to drain sediment and water, the fuel filters and
strainer are located in the far right compartment. The
day tank is used to gravity feed fuel to the fuel
injection pump. Fuel passes through the primary and
secondary filter and strainer before entering the tank.

(4) Fuel transfer valve. The fuel transfer valve allows you
to select either the main fuel tank or an auxiliary fuel
supply source such as an external tank or drum. The
connection for the fuel line is located near the fuel
transfer valve.

(5) Battery compartment door. The battery compartment door
provides access to the two 12-volt lead acid storage
batteries that are connected in series to provide 24 VDC
electrical power for starting the engine generator set.

(6) Radiator grille shutters. Located behind the radiator
grille are shutters that control the amount of air to the
radiator. The shutters can be either manually or
thermostatically controlled. The manual control handle
is located on the inside at the bottom of the grille.

Since most of your operating and monitoring takes place at the
control panel located at the front of the generator, let's take a
closer look at its controls and gauges (figure 2-10).
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Fig 2-10. Generator control panel.
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c. Control panel. You can see that the control panel is divided
into three sections (left, center, and right).

(1) Left section. The left section contains these gauges
that monitor engine operation: oil pressure, coolant
temperature, fuel level, and battery gauge.

Note: Since not all engines are the same, you should
consult the appropriate technical manual (table 2-3)
for the specific operating ranges. The specific
operating ranges of the gauges on a typical generator
will be shown during the discussion of the
operational checks (paragraph 2205).

The left section also contains these controls. Notice what
they do.

CONTROL FUNCTION

Air cleaner condition Illuminates if the air cleaner
indicator becomes clogged

Engine primer switch Activates an ether starting aid
during cold weather operation

Start-run-stop switch A three-position type toggle switch
to start and stop the engine

Running time (hour) Indicates the total engine operating
meter time in hours and tenths of hours

Note: Ether gas is highly combustible and aids starting in
extreme weather conditions.

(2) Center section. The center section of the panel (figure
2-11) contains the four gauges that monitor generator
operation. Let's take a detailed look at this section.
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CONTROL FUNCTION

Volt-amp transfer Used to select a phase or combination of
switch (located in phases for the meters to monitor.
the center of the (It does not switch the phases for
panel directly output purposes.)
below the gauges)

Voltage adjust Used to "fine tune" the voltage output.
control For example, if you want to produce

125 volts instead of 120, you increase
the voltage by turning the control to
the right.

Frequency adjust Used to "fine tune" the frequency. It
works just like the voltage adjust
control, but it functions only on
precise units. To adjust the frequency
on utility sets, you use the throttle
control located below the control panel
to increase or decrease the engine speed.

Circuit breaker Illuminates when the AC circuit breaker
light switch is in the closed position and

opens and closes the main load contactor
which allows you to deliver power to the
connected load.

Panel light switch Turns the panel lights on and off.

Remote/local switch Allows you to control the operation of
the generator from either the control
panel on the generator or from a remote
site.

Operation switch Place it in the single unit position
for single unit operation and in the
parallel position for parallel
operation.

Battle short light Illuminates when the battle short
switch is in the ON position and
permits emergency operation by
bypassing protective devices on the
generator. (These protective devices
disconnect the load or shut down the
generator if there is an engine problem
such as low engine oil pressure, or if
too much voltage is being delivered to
the load.) The battle short switch
shall always be set to OFF during
normal operation!
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Note: When the volt-amp transfer switch is set to the
Ll-L2, L2-L3, or L3-L1 positions, the voltages
between these legs are displayed (figure 2-11). When
the switch is rotated clockwise to the Li-LO
position, the voltage between phase 1 and neutral
will be displayed as will the percent of rated
current on Ll. Similar information for L2 and L3
will be shown on the meters when the switch is
rotated clockwise to its last two positions.

GENERATOR

.f 'OR1' OC '0~~~~~~~~~~~~
PREOUENCY ADJUST SYNCHRONIZING LIGHTS VOLTAGE ADJUST

CKT BRK BATTFLE SHORT

CKT BRK PANEL LIGHTS PARALLEL ON
CLOSE ON REMOTE OPERATION

qi> 4& 6> 6> l
OPEN OFF LOCAL SINGLE UNIT

OPERATION _ OFF

BATLE SHORT

Fig 2-11. Center section of control panel.

(3) Right section. The right section of the control panel on
figure 2-10 contains the main DC circuit breaker, a panel
containing fault indicators, and a test/reset switch.

The lights on the fault indicator panel illuminate when
an abnormal condition occurs; the reasons for
illumination are displayed on the panel. If one of these
faults occurs, stop the generator and correct the problem
before placing the generator back in operation. The
test/reset switch permits you to test the fault indicator
lights by seeing if they all illuminate and to reset the
lights after a problem has been corrected.
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The DC circuit breaker controls (connects or disconnects)
battery voltage necessary for engine operation. It is
closed during generator set operation and can be used to
stop the generator in case of an emergency.

Once again, it's your turn to apply what you've been
studying. This time let's see how well you can identify
some of the components and their purposes.

The load terminal board is where the cables are
connected to the generator.

The slave receptacle is used to supply or receive
volts (DC or AC).

The right section of the control panel contains indicator
lights that illuminate when a (an) condition
occurs.

The primer switch is used as a starting aid during
operation.

If you don't have the same answers as the following, you may
want to review paragraph 2203 before moving on.

The load terminal board is where the load cables are
connected to the generator. The slave receptacle is used to
supply or receive 24 volt DC electrical power. The right
section of the control panel contains the indicator lights
that illuminate when an abnormal condition occurs. Last but
not least, the primer switch is used as a starting aid
during cold weather operation.

Now that you are familiar with the different types of generators
and have studied the components of a generator set, let's cover
the daily operational checks that are performed to keep them
running.

2204. Procedures for Performing Generator Operational Checks

Among the most important tasks that the operator must perform are
the before, during, and after operational checks. These checks
are designed to ensure that the generator is operational at all
times. Each generator has its own specific checks; always use
the appropriate technical manual when performing them.

Table 2-4 on page 2-24 provides examples of the before, during,
and after operational checks performed on an MEP-006A generator.
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The item numbers are listed consecutively and indicate the
sequence in which the operational checks should be performed.
Correct any defects you can before moving on to the next check.
Of course, the "B" checks are performed before operation, the "D"
checks during operation, and the "A" checks after operation.

The last column of the table notes defects that are serious and
could cause damage to the equipment if not corrected; the
equipment should not be operated until the problems have been
corrected. Any defects found that cannot be corrected on the
spot should be documented so that corrective action can be taken.

As you study Table 2-4, you will notice that leaks are classified
as either class I, II, or III. The definitions of these classes
are as follows:

* Class I - Seepage of fluid not great enough to form
drops.

* Class II - Leakage of fluid great enough to form drops
but not great enough to cause drops to drip from item
being checked.

* Class III - Leakage of fluid great enough to form drops
that fall from the item being checked.

Note: Class III leaks are serious and should be reported to
your supervisor or to organizational maintenance.

Also, be sure to pay attention to the operating ranges for the
control panel gauges on the generator set. Remember, these
gauges are important; always monitor them during operation.
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Table 2-4. Generator Operational Checks

INTERVAL: B - BEFORE OPERATION D - DURING OPERATION A - AFTER OPERATION

ITEM B D A ITEM TO BE PROCEDURES EQUIPMENT NOT READY
NO. INSPECTED IF:

WARNING

Do not attempt to service (make
adjustments, connections, recon-
nections of wire or cables) or
correct anything inside the
generator set untiL the generator
set is shut down and compLeteLy
de-energized.

Equipment operation is allowable
with minor leaks (class I or II).
Of course, you must consider the
fluid capacity of the item/system
being checked/inspected. When in
doubt, notify your supervisor.

When operating with class I or
class II Leaks, continue to
check fluid levels as required
in your PMCS.

Class III leaks should be
reported to your supervisor
or organizational maintenance.

1 * Generator set Visually inspect unit for fuel, Class III oil or
oil, coolant, and hydraulic leaks. fuel leakage is
Check for proper levels. detected

* Check for proper ground connection. Generator set not
properly grounded

* Dead crank With the dead crank switch in the Switch
switch OFF position, the engine should malfunctions

crank but not run. With the switch
in the RUN position, the engine
should crank and run.

* Batteries Tighten loose cables and mountings. Not serviceable
Remove corrosion and apply grease
to cable connectors. Inspect for
cracks and leaks. Fill batteries
to 3/8 inch above the plates.
clean vent holes in filler cap

* Fuel selector Turn fuel selector valve to the Improper selection
valve correct position occurs

2 * Controls and Instruments shall indicate within
instruments specified limits.

a. Battery Green portion of scale Ammeter does not
charging indicate charging
ammeter current

b. Coolant 180 to 200 degrees fahrenheit Temperature exceeds
temp gauge 200 degrees F

c. VoLtmeter 120/208 - 240/416 Voltage cannot
be properly adjusted

d. OiL press 30 to 55 psi Pressure is below
gauge 30 psi
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Table 2-4. Generator Operational Checks--continued

INTERVAL: B - BEFORE OPERATION D - DURING OPERATION A - AFTER OPERATION

ITEM B D A ITEM TO BE PROCEDURES EQUIPMENT NOT
NO. INSPECTED READY IF:

e. AC ammeter Indicates percentage of appLied Meter is non-
current. Not to exceed 100X functional

f. KiLowatt Indicates appLied load. Not to Meter is non-
meter exceed 100% functional

g. Frequency 400 hz - 50/60 hz Frequency cannot be
meter properLy adjusted

h. Fault ALl lights are out during operation Fault light does not
indicator Check bulb operation using test or go out when switch is
paneL reset switch on paneL. pLaced in the test/

reset position and
then released.

3 * FueL tank Fill fuel tank at compLetion of
operation.

4 * * Oil Level Check engine oil and add as required
as indicated by oil Level gauge.

5 * FueL filters Check for leaks. Drain water and Class III Leakage is
and strainer sediment. detected

Note: Report any defects that affect the safe operation of
the equipment to the equipment chief. The chief will
ensure that the equipment is safe to operate.

As you studied table 2-4, I hope you made a mental note of the
operating ranges for the gauges. The sooner you learn them, the
easier and faster it will become for you to monitor generator
operation.

2205. Procedure for Starting the Generator

Although starting a generator may seem simple, you must use the
right procedure to prevent accidents and keep the equipment from
being damaged. (Always consult the technical manual for the
exact steps of the starting procedure for the particular
generator you are operating.)

Table 2-5 lists the sixteen steps of the starting procedure for
an MEP-006A 60kW generator. (You may want to refer back to
figure 2-10 to review the control panel as you study these
starting procedures.) Note that the procedure for placing the
dummy load into operation is also included in the procedures for
starting this generator. The dummy load (which is covered in the
next lesson) is a self-contained unit which provides separate
electrical resistive loads to balance an unbalanced load or to
test a generator.
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Table 2-5. Sample Starting Procedures

STEP PROCEDURE

1 Connect the Load to the generator set.

2 Check the engine oil and coolant levels; proper cooLant Level is 2 inches below the filler
neck.

3 Close the DC controL circuit breaker.

4 Place the start/run/stop switch in the RUN position.

5 Set the battLe short switch to the ON position.

6 Check the fuel gauge level.

7 Check the fault indicator lights. For utiLity generators, the low oil pressure Light
should be on. For precise generators, the Low oil pressure, under voltage, and under
frequency Lights shouLd be on. Press the test/reset switch and ensure that all fault
indicator lights iLLtuiinate. Release the switch and make sure that the lights remain on.

a Set the start/run/stop switch to the STOP position.

9 Set the battle short switch to the OFF position.

10 Make sure the radiator shutters are not locked in the open position and that they move
freely when operated by the manual control handLe.

11 Close all generator doors except those on the control panel end. Fasten the controL
panel access doors and the generator vent doors in the open position.

12 Crank the engine by placing the start/run/stop switch in the START position. Do not
crank the engine longer than 15 seconds. If the temperature is 40 degrees or colder,
place the engine primer switch in the ON position and release after you start cranking.
Some of the lights wiLl iLLuminate during start up.

13 Once the engine starts, continue to hold start/run/stop switch in the START position
until the oil pressure gauge reading is above 20 psi and the main generator voltage gauge
reading stabilizes. The frequency reading wilL normalLy fluctuate when the generator
fieLd ftashes. Normal operating oil pressure is 30 PSI.

14 Adjust the frequency on utility generators by turning the manual throttle; on precise
units, use the frequency adjust knob. Adjust the voLtage on both units by adjusting the
voltage adjust knob.

15 Allow the engine to warm to normal operating temperature (1000-1500 F). (Press the test/
reset switch to reset any fault indicator lights that illuminated during start up.)

16 Place the AC circuit breaker in the closed position. This wilL cLose the main AC
contactor.

You might think that the starting procedure contains some
unnecessary steps but be assured that they are all important. Go
through all 16 steps every time you start the generator.

See if you can use these four terms (DC, engine, load, and
RUN) to complete the first four simplified steps below:

1. Connect the to the generator set.

2. Check the oil and coolant levels.

3. Close the control circuit breaker.

4. Place the start/run/stop switch in the .. position.
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Now, choose the correct words from the following (fuel, ON,
fault, STOP) to fill in these next four steps:

5. Set the battle short switch to the position.

6. Check the gauge level.

7. Check the indicator lights as follows:

TYPE of GENERATOR LIGHTS THAT SHOULD BE ON

Utility low oil pressure light

Precise low oil pressure light
under voltage light
under frequency lights

8. Set the start/run/stop switch to the position.

[ Did you remember these missing words (in sequence)?
Load, engine, DC, RUN, ON, fuel, fault, STOP.

You have now connected the load to the generator, checked
the oil and coolant, closed the DC control circuit breaker,
set the start/run/stop switch to RUN, set the battle short
switch to ON, checked the fuel and fault indicator lights,
and set the start/run/stop switch to STOP.

Let's use these words (manual control, open, START, OFF) to
fill in the next four steps.

9. Set the battle short switch to the position.

10. Use the handle and make sure the radiator
shutters aren't locked open .

11. Fasten the control panel access doors and generator
vent doors in the position (then close all
other generator doors).

12. Crank the engine by placing the start/run/stop switch
in the position.
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Now that the engine has started, here are the missing words
to choose from to complete steps 13-16: frequency adjust
knob, closed, START, fault indicator, manual throttle, and
voltage adjust knob.

13. Once the engine starts, keep holding the start/run/stop
switch in the _ __position until the oil pressure
gauge reading is above 20 psi and the main generator
voltage gauge reading stabilizes.

14. Select the appropriate generator knob to adjust the
frequency:

Utility - ; Precise -

Adjust the voltage by adjusting the

15. Allow the engine to warm up to normal operating
temperature and press the test/retest switch to reset
the lights.

16. Place the AC circuit breaker in the position.

These last four steps had to do with fine tuning the
generator set. Here are the missing words for steps 9-16 in
order: OFF, manual control, open, START, START, manual
throttle, frequency adjust knob, voltage adjust knob, fault
indicator, and closed.

Even after the generator set is running and the required power is
being provided to the load, your job is not done. You must make
sure that the generator continues to provide the required power
to the load by checking the items that have an asterisk (*) in
the "during operations" column of the operator checks on the
table. These checks are designed to ensure that the generator
continues to run without damaging itself or the equipment that is
being supplied.

2206. Procedure for Stopping a Generator

Compared to starting a generator, stopping one is easy. The most
important thing to remember is to disconnect or drop the load
before attempting to stop the generator. You should always do
this unless an emergency requires an immediate stop. Following
are the four steps for stopping the generator:

a. Place the AC circuit breaker toggle switch in the OPEN
position. This will drop the load by disengaging the main AC
contactor.
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b. Allow the engine to cool down by letting it run at least
three minutes before continuing.

c. Place the start/run/stop switch in the STOP position.

d. After the engine comes to a stop, pull the DC control circuit
breaker to the OUT position.

Note: Use the DC circuit breaker to stop the generator if
an emergency condition exists.

Although the "after operation" checks are not actually part of
the stopping procedure, you should always perform these checks.
They help ensure that the equipment remains operational and ready
for the next mission. Any defects found while performing the
after operation checks should be corrected or brought to the
attention of the equipment chief so corrective maintenance can be
initiated. We will skip the challenge questions this time since
the lesson exercise comes next. However, if you have a difficult
time answering the exercise questions concerning the operational
procedures for the generator, make sure you come back and review
paragraphs 2204-2206.

Lesson Summary. In this lesson, you identified some
characteristics of the different generator sets including the
generator considered to be the most versatile and the generator
that will produce enough output to simultaneously supply the
needs of several loads over a large area. You also learned the
purpose for selecting generator components, how to perform
"before, during, and after" operational checks and finally, the
procedures for starting and stopping a generator.

Exercise: Complete items 1 through 9 by performing the action
required. Check your responses against those listed
at the end of this study unit.

1. Which one of the following generators is considered the
most versatile and can best meet the electrical needs (7
kW) of a small maintenance shop or similar activity?

a. MEP-016A c. MEP-006A
b. MEP-003A d. MEP-007B

2. Which of the following generators can provide enough
power to simultaneously supply several loads over a large
area?

a. MEP-006A c. MEP-016B
b. MEP-012A d. MEP-021B
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3. The reconnection board

a. is used to configure the generator for an output of
120/208 volts or 240/416 volts.

b. provides a connection for the main load cables.
c. provides a connection for the slave cable when the

batteries don't have enough power to start the
generator.

d. provides a connection for the auxiliary fuel line so
that the unit can run off of an auxiliary fuel
supply.

4. The left side of the control panel contains the gauges
that monitor operation.

5. What is the primer switch used for?

6. What is the purpose of the operation switch?

7. What are the three types of operational checks on a
generator that the operator must perform?

a. Engine, generator, and dummy load
b. Before, during, and after
c. Hourly, daily, and weekly
d. Quarterly, semi-annual, and annual

8. Which is the correct task sequence used when starting a
MEP-006A generator?

a. Crank engine, reset fault indicator lights, adjust
frequency, close A/C circuit breaker

b. Crank engine, close A/C circuit breaker, reset fault
indicator lights, adjust frequency

c. Crank engine, adjust frequency, reset fault indicator
lights, close A/C circuit breaker

d. Close A/C circuit breaker, crank engine, reset fault
indicator lights, adjust frequency

9. The most important thing to remember before attempting to
stop the generator is to
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Lesson 3. OPERATION OF MODEL DE1-0001 DUMMY LOAD

LEARNING OBJECTIVES

1. State the power output capabilities of the generators
that the DEl-0001 dummy load can test.

2. State the location and purpose of selected components of
the dummy load.

3. Identify steps in the procedure to set up/operate the
dummy load.

4. Identify steps in the procedure to stop the dummy load.

2301. Types of Generators the DE1-0001 Dummy Load is Capable of
Testing

The Marine Corps uses the Model DEl-0001 air-cooled, skid-mounted
dummy load (figure 2-12) that can be used to apply loads.
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Fig 2-12. DEl-0001 Dummy load

It can provide variable three phase resistive loads of up to 100
kW to the generator. Since the dummy load is designed both to be
used with and to test both 60 Hz and 400 Hz generator sets, it's
presently compatible with all AC generators in the Marine Corps
inventory. It is used to help make the generators operate
efficiently and to test them to ensure that they are performing
to design standards.
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2302. Location and Purpose of Dummy Load Components

The input terminal board (figure 2-13) is located on the right
side as you face the unit and is where you connect the input
power cable from the generator.
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Fig 2-13. Input terminal board.

The voltage selector switch sets the dummy load to receive input
power of 120/208 or 240/416 volts. The external power selector
(EXT POWER SELECT) switch is used to select either normal
operation or utility operation. The terminal studs connect input
power to the dummy load as follows:

TERMINAL STUD PHASE OF INPUT POWER

LO Neutral
Ll A
L2 B
L3 C

The ground terminal is the connection point for the ground.

The control panel is located behind the door at the front of the
dummy load as shown in figure 2-12. Figure 2-14 shows the
specific controls on the dummy load control panel.
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Fig 2-14. Dummy load control panel.

Although it might seem like there are a lot of gauges and
switches, once you understand their functions, you will realize
that the unit is really easy to operate.

The top left hand section of the control panel (figure 2-15)
contains the gauges for monitoring the three phases (A, B, and
C).
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Fig 2-15. Top left hand section of dummy load control panel.

Notice that each phase has its own voltmeter, ammeter, and
kilovolt ammeter. There are also separate indicator lights to
let you know when the phases are being powered.

If you haven't already guessed, the top left section of the
control panel is the one that you monitor while the unit is

operating. As you apply or increase the load to the generator,
the corresponding readings will appear on these gauges.

The top right hand section of the control panel (figure 2-16)
contains operational controls and gauges.

2-34



FREQUENCY
METER

400 HZ

60 HZ

ABC CBA

0 0

ON DIMMER

OFF

LIGHTS

Fig 2-16. Top right hand
section of dummy
load control panel.

The frequency meter is graduated for both 60 and 400 cycle power.
Directly below the frequency meter are the phase sequence
indicator lights. These lights let you know if the three phases
are hooked up in A-B-C (Ll-L2-L3) sequence or in C-B-A (L3-L2-Ll)
sequence.

The frequency selector switch (located to the left of the
frequency meter) matches the frequency of the dummy load to the
frequency of the generator.

A panel light dimmer control is used to vary the brightness of
the panel lights.

The on/off switches activate and deactivate the dummy load
cooling fan.

The lower section of the control panel (figure 2-17) contains
switches and rheostats for applying and controlling the resistive
loads to the generator.
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Fig 2-17. Lower section of dummy load control panel.

The loads can be applied in any order you desire. Each switch
has a specific rating and the rheostats can apply loads between
0-1.0 kW.

By applying various loads to all three phases or to individual
phases, you can ensure that the generator is performing to design
standards.

Time for another challenge. Fill in each sentence with the
correct words from the list below. (Don't look at the
completed sentences until you have finished the exercise!)

meter resistive set
normal frequency utility

The frequency meter selector switch is used to the
frequency of the dummy load so that it matches the

of the generator. It is located to the
left of the frequency _

The external power switch is used to select either
operation or operation.

The switches and rheostats located on the lower section of
the control panel are used to apply loads to
the generator.
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Your sentences should match these!

The frequency meter selector switch is used to set the
frequency of the dummy load so that it matches the
frequency of the generator. It is located to the left of
the frequency meter.

The external power selector switch is used to select either
normal operation or utility operation.

The switches and rheostats located on the lower section of
the control panel are used to apply resistive loads to the
generator.

2303. Dummy Load Setup and Operation

Table 2-6 on the next page contains dummy load setup and
operation procedure.
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Table 2-6. Setup and Operation of the DEl-0001 Dummy Load

STEP PROCEDURE

1 Put the load where it is conveniently located in relation to the generator. Ground the
generator and dummy load to the same ground rod. If no grounding method has been
established, be sure to refer to the instructions in paragraph 2105.

Warning: Be sure the generator is de-energized before connecting it to the
dummy Load. Use cabLes of at Least 4/0 AWG size with insulation rated
at no Less than 600V at 90°C/194°F.

2 Connect the generator to the dummy load as follows:

Generator Dumw Load
Li (Phase A) Ll
L2 (Phase B) L2
L3 (Phase C) L3
LU (NeutraL) L0

3 Make sure that all of the controL paneL switches are in the down (OFF) position. Rotate
each of the three variable Load controls five times over its full range to remove any
accumulated corrosion. After you have done this, make sure the controls are fully counter-
clockwise.

4 Set the voltage selector switch to match the input voLtage. Set the frequency meter selector
switch to 60Hz or 400Hz to match the input frequency requirements voltage. Set the external
power seLector switch to NORMAL.

Note: The cooLing fan may be operated from a power source other than the
generator under test. To do so, connect a 120/208V, 3 phase power
source capabLe of supplying at Least 20 amps to the utility input
plug (figure 2-13). Note that the plug is wired in a 5-wire configuration.
Set the external power selector switch to the UTILITY position.
Depressing and holding the ON button (as in step 6) will turn on the
cooling fan.

5 Open the air intake and exhaust doors, the door to the control panel, and the side access
door fully.

6 Start the generator and allow it to run for several minutes. Press the ON button and
hold for 2 or 3 seconds. The Phase A, B, and C lamps should Light, the voltmeters should
display the correct voltage for each phase, and the cooling fan should start.

7 Check that the dumwny Load frequency meter is displaying the correct frequency. Make sure
that all the ammeters and KVA meters indicate zero.

Note: When applying loads or removing parts of a load, divide the load into
parts and switch equal increments (small parts) of the load.
Keep the phases as closely in balance as possible at all times. For
example, if you are applying a 3kW load, first apply 1kW to phase A, B
and C. Then, apply 2kW to each phase. It's important to keep the load on
the generator balanced but the dummy Load is unaffected by unbalanced loads.

8 Begin applying the desired load to the generator by switching the dummy load switches
sequentially to ON. Monitor the KVA meters while applying the load increments.

As you can see, most of your time will be spent ensuring that the
dummy load is configured to match the generator. The actual
operation of the dummy load involves monitoring and making
adjustments to the various loads. You can also apply different
loads for each phase by using the various load switches.

Caution: Make sure that the loads on all three phases are as
balanced as possible. Prolonged unbalanced
operation will damage the generator.
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2304. Dropping the Load from the Dummy Load

Shutting down the dummy load is easy if you follow the
instructions in table 2-7.

Table 2-7. Shutting Down the DEl-0001 Dummy Load

STEP PROCEDLRE

1 Set the durmy Load switches sequentiaLLy to OFF keeping the phases as closeLy in balance as
possibLe. For exampLe, if a Load of 3kW is applied, remove 2kU of the Load from phase A, B
and C. Then, remove the remaining 1kW from each phase.

2 After you have removed the entire Load, mLLow the fan to run for 2 to 5 minutes to aLLow the
dummy Load resistive coits to cool. Do not depress the OFF switch until this cooLing time
is finished. If necessary, connect the fan to external power as explained in the note in step
4 of table 2-6.

3 FoLLow the shutdown procedures for the generator. After alLowing the generator to cooL with
no load applied, stop the generator and disconnect the cables from the dumny Load.

Warning: Before disconnecting the cables from the dumny Load, make sure that no
power is being suppLied to the terminal board. To do this, check for
voltages from LI to L0, L2 to L0, and L3 to L0.

Lesson Summary. In this lesson, you identified power output
capability of the generator that the DEl-0001 dummy load can
test, the location and purpose of dummy load components, and the
procedures used to set up, operate, and shut down the load. In
the next lesson, you'll learn how to set up and parallel two
identical generators.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Exercise: Complete items 1 through 4 by performing the action
required. Check your responses against those listed
at the end of this study unit.

1. The dummy load is designed to check and d
generator sets.

2. The frequency selector switch on the dummy load must be
checked when connecting the dummy load to the generator.
Where is it located?

3. After choosing the location, what is the next step in the
set up procedure for the dummy load?

a. Connect the generator
b. Ground the dummy load
c. Set the voltage selector
d. Start the generator

4. After removing the load, how many minutes should you
allow the cooling fan to run before shutting it off?

a. 2 to 5 c. 10 to 15
b. 6 to 9 d. 15 to 20
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Lesson 4. PARALLEL GENERATOR OPERATION

LEARNING OBJECTIVES

1. Identify the important considerations when selecting a
generator for parallel operation.

2. State the two methods used to parallel generators.

3. Identify in order the steps for placing two precise
generators into parallel operation.

4. State the steps for placing utility generators in
parallel operation.

5. State the steps for transferring the load between
paralleled precise generators.

6. State the steps for transferring the load between
paralleled utility generators.

7. State the steps for removing a precise generator from
parallel operation.

2401. Selecting and Preparing Generators for Parallel Operation

Generators are often placed into what is called "parallel"
operation so that they can both share the load or so that one of
the generators can be taken out of operation without disrupting
the electrical service being provided. Preparing two or more
generators for parallel operation isn't difficult; however, you
must follow the steps carefully.

a. Selecting generators for parallel operation. It is important
to remember that ONLY IDENTICAL generators can be paralleled.
For example, you could parallel two MEP-006's or two MEP-115A's
together, but not a MEP-006A and a MEP-115A. Moreover, you could
not parallel a MEP-005A and a MEP-006A even though they are both
60Hz generators!

Also, precise generators could very well have different kinds of
governor systems to control engine speed. The systems could be
either electric or electro-hydraulic; therefore, you must match
up the types of governor systems for precise generators. This
means that you cannot parallel a precise generator that has an
electric governor system with another precise generator that has
an electro-hydraulic governor system.

b. Preparing generators for parallel operation. Once you have
determined which generators you are going to use, you must
position them and ground them.

2-40



Warning: The most important safety item to remember is to
ensure that any generators that are to be
paralleled are PROPERLY GROUNDED. If something
were to go wrong during operation, an improperly
grounded generator could inflict serious iniury or
death or cause damage to equipment.

Next, once the generators are in position and grounded, make sure
that there is no incoming power or load on either one. The
easiest way to control the power and the load is to install a
main power switch or a bus bar between the generators and the
load.

Warning: Never attempt to work on the load contactor or
reconnection board of any generator that is
operating or connected to a live main power switch
or bus bar. Stop the generators and disconnect
them from all sources of power before doing any
work.

2402. Two Methods of Paralleling Generators

There are two methods for paralleling generators, internal and
external. "Internal" means that the generators are directly
connected electrically; "external" means that their connection
goes through a switch. The internal method is used to parallel
precise units; the external method is used to parallel utility
units.

The precise MEP series of generators that the Marine Corps
currently uses is equipped with parallel receptacles and parallel
cables. On precise units, the cables are connected between the
generators as shown in figure 2-18.

2-41



Fig 2-18. Parallel connections for precise generators.

Notice that the main load cables are connected together through
the main power switch, and the parallel cable is connected to the
parallel receptacles of both generators. When using the external
method to parallel utility generators, you don't need the
parallel cables. Instead, the generators are connected together
solely through the main power switch with load cables
(figure 2-19). LOADt~

MAIN POWRPAAEN

SWITCH | LOADl

Fig 2-19. Parallel connections for utility generators.

When you connect the main load cable to the generator sets and to
the load through the power switch, make sure that you observe
proper phase polarity--connect L1 to Li, L2 to L2, etc. as shown
in figure 2-20.
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Fig 2-20. Cable connections at
main power switch.

Before continuing let's see how well you're doing. Fill in
the blanks with the correct words to complete the following
sentences.

It's important to remember that only
generators can be paralleled together.

The internal method is used to parallel generators.

The external method is used to parallel generators.

Your statements should look like the following:

It's important to remember that only identical generators
can be paralleled together.

The internal method is used to parallel precise generators.
The external method is used to parallel utility generators.

2403. Placing Precise Generators into Parallel Operation

Once you have selected and prepared two generators for parallel
operation, you are ready to follow the steps to place them into
actual parallel operation. Table 2-8 lists the steps and actions
for placing two precise generators into operation so that they
can share the load.
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Note: To keep the steps clear and easy to understand, we
will number the generator sets as follows: #1 will
be the "on line" generator (already running), while
set #2 will be the "on coming" generator.

Table 2-8. Paralleling Precise Generators

STEP ACTION

1 With set #1 running, start set #2 (without engaging
either generator's circuit breaker switch). Use the
voltage and frequency adjust controls to make sure
the frequency and voltage on both sets are the same.
(If the frequency and/or voltage are different,
adjust set #2 to match set #1.)

2 Set 1 Set 2

Close the circuit breaker
switch. Then place the
operation switch in the
PARALLEL OPERATION
position

3 Recheck the voltage and frequency on both sets to
make sure that they are the same.

Place the operation
switch in the PARALLEL
OPERATION position

Note: The synchronizing lights on set #2 should
now light and dim simultaneously. If they
are alternating, stop both sets, check the
paralleling and load cable hook up, and retry.

4 Synchronize both generators. Turn the frequency on
set #2 a little higher than the frequency on set 1.
Then turn the frequency on set 2 slightly lower than
the frequency on set 1 until the synchronizing lights
remain on or off for 2- to 3-second intervals.

5 Observe the lights. The
instant they go dark,
place generator #2's
circuit breaker switch in
the CLOSED position.

Although the two sets are now operating in parallel, your job
isn't finished yet. You still have to "zero" the kilowatt
meters.
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a. First, check the kilowatt meters on both sets. If they are
not at zero, adjust the set #2 frequency adjust control until
both kilowatt meters read "zero."

b. Now, check the current meters on both sets. If they are not
at zero, adjust the set #2 voltage adjust control until both
voltage meters read "zero."

c. Only after the meters have been zeroed can you apply a load
to the paralleled generators. Follow these steps to apply a
load:

(1) Close the main power switch.

(2) Apply the load.

(3) Check the kilowatt and voltage current meters again to
make sure that both are sharing the load equally. If
they are not, adjust the frequency and/or voltage adjust
controls on set #2 to equal out the load.

Note: If the reverse power indicator light on either set
illuminates at any time during operation, shut down
both units and contact maintenance.

Again, it's your turn to apply what you have been studying
by filling in the blank spaces in the statement below.

Remember, before applying a load to the paralleled
generators, you must zero the 'meters and the

meters on both sets.

You should have stated that you must zero the kilowatt
meters and the current meters on both sets.

2404. Steps for Placing Utility Generators in Parallel operation

The sequence for paralleling utility generators is similar to the
sequence for paralleling precise generators; however, since
utility generators have different types of governors, the
procedure is a little different after the second step (placing
set #1's operation switch in the PARALLEL OPERATION position).
The main difference is that for paralleling utility generators,
you adjust the frequency by varying the engine speed with the
manual throttle control. Let's further examine each step in this
procedure (table 2-9). (Notice that the first two steps are
similar to the first two steps of placing precise generators in
parallel operation.)
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Table 2-9. Paralleling Utility Generators

STEP ACTION

1 Start generator sets #1 and #2. (Do not engage the
circuit breaker switches on either generator.)

2 set B Set 2

Close the circuit breaker
switch then place the
operation switch in the
PARALLEL OPERATION
position.

3 Turn each volt-amp transfer switch to the LO-Ll
position. Turn the voltage adjust control on both
sets until you get 122 volts (for low wye) or 244
volts (for high wye).

4 Adjust the manual throttle control on both sets until
the frequency meters read "61Hz."

5 Place the operation
switch in the PARALLEL
OPERATION position.

Note: The synchronizing lights on set #2 should now
light and dim simultaneously. If they are
alternating, stop both sets, check the cable
connections, and retry.

6 Adjust the manual throttle
a little higher and slowly
lower the frequency until
the synchronizing lights go
on and off for 2- to 3-
second intervals.

7 The instant the lights go
dark, set the circuit
breaker switch to the
CLOSED position.

8 Turn the throttle and voltage adjust controls until the
percent rated current and kilowatt meters read zero.

9 Apply the load by engaging the main power switch.

Once you apply the load, check to make sure that the load is
being shared equally between the two generators. If the kilowatt
meter readings are not equal, you must adjust the engine speed in
small increments on both units.
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Lower the engine speed on the unit that has a higher kilowatt
meter reading, and raise the engine speed on the unit that has a
lower kilowatt meter reading.

Before continuing on, let's make sure that you can identify a
main difference between the paralleling methods for precise
generators and utility generators.

As you can see, the procedures for paralleling precise and
utility generators are similar. However, one of the big
differences is that you control the frequency on precise
generators with the , and you control
the frequency on utility generators with the

Now, why is there a different system for controlling the
frequency on utility generators?

You should have stated that you control the frequency on
precise generators with the frequency adjust control and you
control the frequency on utility generators with the manual
throttle control.

The reason that you control the frequency differently on
utility generators is that the governor systems are
different from those on the precise power generators.

If you had a problem with either of these statements, review
paragraphs 2402 through 2404 before continuing.

2405. Load Transfer Between Paralleled Precise Generators

As mentioned, one of the reasons for paralleling generators is to
bring one on line so that you can remove the other from service.
This is commonly done so that maintenance can be performed on the
generator you removed without disrupting the electrical service
being provided. When you do this, you are really doing what is
called a "load transfer." For example, if you want to remove set
#1 from operation, you first transfer the load to set #2. Then
you can remove set #1 leaving the entire load on set #2.

Warnincg: The generators should already be in the same
generator pit and connected together through the
parallel cables and a common main power switch. If
they are not, you must shut down the units and
connect them toqether! Never connect two
generators together while they are running; shut
both of them down first!

After they are tied together with one unit running on single
operation, you are then ready to transfer the load.
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Let's assume that you have followed the first five steps of Table
2-8 (Paralleling Precise Generators) and have paralleled and
synchronized two precise generators. To transfer the load,
follow the four steps below in table 2-10.

Table 2-10. Transferring Loads Between Precise Generators

STEP ACTION

set I Set 2

1 Adjust the frequency and
voltage (to match that
of set #1).

2 Set the circuit breaker
switch to the OPEN
position.

3 Set the operation switch
to the SINGLE UNIT
OPERATION position.

4 Stop set #1

You can now perform preventive maintenance on set #1 while set #2
powers the load.

Warning: Even if a generator is shut down, the load terminal
board is still energized! Never attempt to do any
work on a load contactor, reconnection board, or
terminal board while generators are connected in
parallel and when one or more are in operation.

2406. Load Transfer Between Paralleled Utility Generators

The procedure to transfer loads between operating utility
generators is similar to the procedure to transfer loads between
operating precise units (table 2-11).
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Table 2-11. Transferring Loads Between Utility Generators

STEP ACTION

Set 1 Set 2

1 Place the operation switches of both sets in the
PARALLEL OPERATION position.

2 Adjust the voltage to match
the voltage of set #1.

3 Adjust the throttle until
the synchronizing lights go
on and off at 2- to 3-second
intervals.

4 The instant the lights go
dark, place the circuit
breaker switch in the CLOSED
position.

5 Adjust the throttle and
voltage to match the frequency
and voltage of set #1.

6 Place the circuit
breaker switch in the
OPEN position.

7 Place the operation switch in
the SINGLE UNIT OPERATION
position.

8 Stop set #1.

2407. Removing Precise Generators From Parallel operation

It's a simple procedure to remove precise generators from
parallel operation.

a. On set #2, set the circuit breaker switch to the OPEN
position and set the operation switch to SINGLE UNIT OPERATION.

b. On set #1, set the operation switch to SINGLE UNIT OPERATION
and set the circuit breaker switch to the OPEN position.

c. Allow both engines to cool and then stop the generators using
the procedures outlined in lesson 2.
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Lesson Summary. In this lesson, you identified the steps in the
procedures for selecting and preparing both utility and precise
generators for parallel operation. You also identified the steps
in the procedure to place two generator sets into parallel
operation and for transferring a load from one generator to
another. In the next lesson, you will study how to set up and
operate the floodlight set.

Exercise: Complete items 1 through 10 by performing the action
required. Check your responses against those listed
at the end of this study unit.

1. When selecting generators to parallel, it's important to
remember that generators can be paralleled.

a. all MEP c. only identical
b. all air cooled d. only diesel

2. The method is used to parallel precise
generators and the method is used to parallel
utility generators.

Items 3 through 7 refer to the following situation. Read the
situation carefully, then answer the items.

Situation: You have been given the task of paralleling two
precise generators. Both generators have been positioned and
grounded. The cables have also been connected. The
generator sets will be called set #1 and set #2. Set #1 is
the "on line" generator, and set #2 will be the "on coming"
generator.
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For items 3 through 7, match the procedure in column two with its
correct step number in column one.

Column 1 Column 2

Step Procedure

3. (lst step) a. On set #1, close the circuit
breaker switch and place the
operation switch in the
PARALLEL OPERATION position.

4. (2nd step) b. With set #1 running, start
set #2 (without engaging
either generator's circuit
breaker switch). Use the
voltage and frequency adjust
controls to make sure the
frequency and voltage on
both sets are the same (or,
adjust set #2 to match #1).

5. (3rd step) c. Synchronize both generators:
Turn the frequency on set #2
a little higher than on set
#1, and then, slowly lower
that frequency until the
synchronizing lights remain
on or off for 2- to 3- second
intervals.

6. (4th step) d. Observe the lights on set #2.
The instant they go off,
place the circuit breaker
switch on set #2 in the
closed position.

7. (5th step) e. Recheck that the voltage and
frequency on both sets are
the same; then, on set #2,
place the operation switch in
the PARALLEL OPERATION
position. The synchronizing
lights on set #2 should light
and dim simultaneously.

8. When paralleling utility units, you adjust the frequency
with the _

9. After paralleling and before transferring the load
between precise or utility generators you must first

both generators.

a. shut down c. synchronize
b. start up d. equalize
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10. After dropping parallel loads, you plan to stop the
generators. What must you do before stopping them?

… - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Lesson 5. OPERATION OF A FLOODLIGHT SET

LEARNING OBJECTIVES

1. State the minimum size generator required to operate the
floodlight set.

2. State the purpose of selected floodlight components.

3. Identify the steps in the procedure to set up the
floodlight set.

4. Identify the steps in the procedure for placing the
floodlights into operation.

2501. Floodlight Set Power Requirements

The floodlight set is a skid-mounted unit that is equipped with
three 1,000 watt high intensity discharge (HID) floodlights
mounted on a telescoping tower. The tower allows the floodlights
to be elevated 35 feet above ground level. The tower can rotate
360 degrees to supply light in any direction. In addition to the
floodlights, the set has the capability of powering four 500 watt
lights that are plug-compatible with 50-foot extension cords.
The floodlight set must be powered by at least a MEP 003A, 10 kW
generator because it takes about 6 kW of power to operate the set
under normal circumstances. Normally, a MEP 003A 10 kW generator
is mounted inside the skid assembly; however, the floodlight set
can also be wired into a 120/240 volt external power source.

2502. Floodlight Set Main Components

Figure 2-21 shows the main components of the floodlight set. An
explanation of the components follows the illustration.
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Fig 2-21. Floodlight set main components (installed position).

The skid frame assembly provides support and storage for the 10
kW generator set (not shown) and all other components. There is
a leveling jack (outrigger) assembly with an adjustable swivel
jack located on each corner of the frame. These assemblies are
used to stabilize the set. Extending the outriggers transfers
the weight of the unit outward and downward, giving the set a
more solid and stable foundation.

A telescoping tower assembly supports the T-Bar, floodlights, and
warning beacon. The tower consists of three sections and
associated wire rope. The tower mounts in a swivel base assembly
which allows the tower to rotate in any direction.
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The T-Bar mounts to the top section of the tower and the three
floodlight assemblies attach to it. A clearance type warning
beacon also mounts to the T-Bar. It is powered by a 12-volt lead
acid battery located on the base of the skid frame and is
controlled by an on-off switch on the control panel in the
control box. A trickle charger recharges the battery when the
set is in operation.

The tower winch is used to extend and retract the telescoping
sections of the tower assembly. To extend the tower, turn the
handcrank clockwise; to retract the tower, turn the handle
counterclockwise.

The deck winch is used to raise the tower to an upright position
or lower it to the transportable position. You operate it in the
same way that you operate the tower winch.

A control box is located on the tower support. The control
panel, which consists of the necessary controls to operate the
floodlight set, is located inside the box. The box also has the
necessary cable electrical connectors.

Figure 2-22 shows the left side view of the floodlight in the
stowed position.

TOWER
TELESCOPING BATTERY LEAD TOWER
TOWER TOWER CHARGER CABLE BASE

STORAGE _, aO T TT G I
LOCK PIN ~ ~ ~ ~~~~~~~FOODLIGYHT

v ~~~~~~~~~~~~~DECK WINCH

Fig 2-22. Floodlight set (left side view in stowed position).
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The tower storage lock pin holds the tower in place when it is in
the stowed position. (The tower lead cable is stored at the base
of the tower and carries the current from the control box to the
floodlight electrical connectors previously shown in figure
2-21).

Let's examine the operation of some of the components. The first
one (figure 2-23) is the leveling assembly.

THUMBSCRErW
JA Lr OlrrWIGGRR

JACK

Fig 2-23. Leveling assembly.

2503. Steps to Set up the Floodlight Set

Setting up the floodlights requires leveling and supporting the
skid frame, attaching the floodlight and T-bar to the tower,
attaching the floodlights and beacon to the T-bar, and finally,
raising the tower to an upright position.

a. Level and supnort the skid frame. First, set up and level
the skid frame by extending and securing the outriggers. Each of
the outriggers is secured to the skid frame by a thumbscrew and
jam nut. To place the jacks and level the unit, loosen the
thumbscrews, extend the outriggers, and then secure them in the
extended position by tightening the thumbscrews and jam nuts.

Secure the jacks in the vertical position with the lock pins.
Then, rotate the jack handles clockwise to extend the jacks and
counterclockwise to retract the jacks as necessary.

To review this procedure to extend and secure the outriggers,
look at the chart on the next page and fill in the missing words.
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Extending/Securing the Outriggers to Level and Support the
Skid Frame

STEP TASK PERFORMING THE TASK

1 Place the jacks and level Extend the outriggers and
Loosen the thumbscrews secure them in the extended
the skid frame unit. position by tightening the

and

2 Secure the jacks in the Rotate the
vertical position.

3 Extend or retract the Rotate handles clockwise to
jacks as necessary. the jacks, counter-

clockwise to them.

Did you fill in these words: thumbscrews, jam nuts,
lockpins, extend, and retract? Good!

b. Attaching the floodlight and T-bar to the tower. Now, having
set up the skid frame, you're ready to attach the floodlight and
T-bar to the tower. As you can picture from figure 2-21, you
will attach a T-Bar on top of the tower. Then you will mount the
floodlights to the T-Bar and secure them with a safety chain
(figure 2-24).
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Fig 2-24. Floodlight mounting.

Let's take a closer look at the steps in this procedure.

First, attach the T-Bar to the top section of the tower by
sliding the T-Bar mount tube into the tower. Secure the T-Bar
mount tube to the tower by tightening the three lock bolts
located in the tower.

Next, attach the floodlights to the T-Bar with the same hardware
used to secure them in the storage position. Once the lights are
mounted, connect each light's safety chain using its attached
snap-hooks.

Attaching each individual floodlight plug connector to its tower
lead assembly socket is fairly easy. The connectors are simple
3-prong plugs and receptacles. Plug each floodlight plug
connector into a tower lead assembly socket and twist to lock
them in place (fig 2-25). Check each one with a slight tug.

FLOODLIGHT
PLUG CONNECTOR

TOWER LeAD
ASSEMBLY

Fig 2-25. Connector plug.
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c. Attach the warning beacon to the T-Bar. Finally, attach the
warning beacon to the T-Bar and plug in the electrical connector.
You have now mounted your floodlights and warning beacon on the
T-Bar.

Challenge: Now, see if you can recall the words to fill in the
blanks below.

Attaching the Floodlights and Warning Beacon to the Tower T-
Bar

STEP TASK PERFORMING THE TASK

1 Attach the T-Bar to the Slide the T-Bar mount tube
of the tower. into the tower and secure

it by tightening the three
lock bolts in the tower.

2 Attach the floodlights Secure them with the same
to the . hardware used to secure

them in the storage
position, and then secure
them with a safety chain.

3 Attach each connector Plug and twist each plug
plug to its tower lead to tighten it.
assembly _

4 Attach the warning (Use provided hardware)
beacon to the _

(Plug in the electrical
connector)

Did you remember these words: top, T-Bar, socket, T-Bar?

d. Raise the tower to an upright position. Once the floodlights
and warning beacon are mounted on the tower T-Bar, use the deck
winch to raise the tower to an upright position and the tower
winch to extend the tower. Figure 2-26 shows the components used
to secure the tower in the raised position.
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Fig 2-26. Securing the tower assembly.

When the tower is raised, insert the tower guide pin in the V-
shaped notch of the tower vertical lock. The tower lock pin
keeps the tower in place by locking the tower guide pin to the
tower vertical lock. Finally, the hitch pin prevents the tower
lock pin from coming out.

Refer back to figure 2-21 to see the floodlight set as it should
look in the installed position.

Use the tower swivel handle to rotate the tower to the desired
position. (It can rotate 360 degrees in either direction.) Once
the tower has been rotated to the proper position, the tower
swivel stop lock bolt secures the tower in that position.

You can see in figure 2-21 that the set has its own ground rod
assembly. If the generator is mounted to the set, use the ground
rod assembly provided. If an external power source is used,
attach an external ground wire from the power source to the
floodlight set skid.
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Here's another fill-in-the-blanks puzzle/review!

Raising the Tower to an Upright Position and Extending and
Securing the Tower.

STEP TASK PERFORMING THE TASK

1 Raising the tower to an Use the winch.
upright position

2 Extending the tower Use the winch.

3 Securing the tower Seat the tower guide pin in
the V-shaped notch of the
tower lock.

(The tower lock pin "locks"
the pin to the tower
vertical lock and the
hitch pin "locks" the
tower lock pin).

4 Rotating the tower to Use the tower handle.
the desired position

5 ____ it in position Use the tower swivel stop
lock bolt.

6 Hook up the Use a ground rod assembly
if it is provided.

If using an external power
source, attach an external
ground wire from the power
source to the floodlight set
skid.

Here are the missing words: deck, tower, vertical, swivel,
Lock, and generator! Were you able to remember all these
details?

Now that you have identified the components of the floodlight set
and learned how to mount it using those components, it's time to
review it by putting it all together. The floodlight set is
fairly easy to install; however, it is important that you take
your time and follow the installation procedure carefully.

Before reviewing the step-by-step procedure, I want to stress the
importance of proper site selection and the use of the outriggers
and jacks.
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Warning: The unit must be stable! Install it on a firm
level surface and extend the outriggers and adjust
the jacks before erecting and extending the
telescoping tower.

Follow the procedure (in table 2-12) to install the floodlight
set properly. (Refer back to the referenced figures as you study
each step.)
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Table 2-12. Setting up the Floodlight Set

STEP ACTION FIG.

1 Extend the four outriggers and secure them by 2-23
tightening the thumbscrews and jam nuts.

2 Reseat the jack lock pins. This will ensure 2-23
that the jacks remain vertical.

3 Adjust the jacks to level the floodlight set. 2-23

4 Remove the tower storage lock pin. 2-22

5 Attach the T-Bar to the top section of the tower 2-24
by sliding the mount tube into the tower.
Secure the mount tube to the tower using the
lock bolts.

6 Turn off all circuit breakers on the control 2-27
panel. The panel will be covered in paragraph
2504.

7 Attach the floodlights and the warning beacon to 2-24
the T-Bar using the same hardware that was used
for storing them.

8 Attach the floodlight plug connectors to the 2-21
tower lead assembly socket connectors. 2-25

9 Connect the safety chains to the floodlights 2-24
using the attached snap hooks.

10 Remove the tower hitch pin and tower lock pin. 2-26

11 operate the deck winch until the tower guide pin 2-21
is seated in the vertical lock. Secure the 2-26
guide pin in the lock with the lock pin. Secure
the lock pin with the hitch pin.

12 Loosen the tower swivel lock bolt and raise the 2-21
tower with the swivel handle until the tower is
in position. Then tighten the tower swivel lock
bolt once again.

13 Unwind and remove the tower lead cable. 2-22

14 If using an external power source, connect the 2-21
ground cable to the connection point on the set.
If not using an external source, assemble the
ground rod provided and drive it into the ground.
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2504. Steps to Operate the Floodlight Set

Remember, the floodlight set must be powered by a generator that
is capable of providing at least 6 kW of power. You would
normally use the MEP 003A generator mounted on the skid assembly;
however, you can also wire the set into a 120/240 volt external
power source. When it comes to the actual operation of the
floodlight set, it doesn't matter which source of power you use.
The steps are the same and it is very easy to operate. Before
studying the operational procedures, you should first familiarize
yourself with the control panel.

As mentioned, the control box is located on the tower support. It
contains the controls and indicators necessary to operate the
floodlight set. The control panel is illustrated in figure 2-27
below. (An explanation of each component follows the figure.)

ON

CBS
BATTERY CHARGER CBI MATN BEACON SWITCH

RECEPTACLF RECEPTACLE LMr AMP LAMP LAMP LAMp LAMP
ji-i .n-z DSl DS2 DS3 DSS DS6 DS7 DSS
CB6 CB7 CB2 CB3 CB4 CBS CB9 CE10 cn1n

120 VOLT 1010 WATT FLOODLIGHTS SOO WATr FLOODUGHTS

Fig 2-27. Floodlight set control panel.

Circuit Breaker number 1 or CB-1 is the main circuit breaker. It
controls the power to both the AC and DC systems of the
floodlight set.
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CB-2, CB-3, and CB-4 control power to operate the three 1000 watt
high intensity discharge (HID) floodlights.

CB-5 provides overload protection to the battery charger.

CB-6 and CB-7 control the power to the convenience receptacles.

CB-8 through CB-11 control the power to the 500 watt lamps.

The beacon ON-OFF switch controls the operation of the beacon
light.

As with any type of equipment, you must first perform the before
operation checks on the floodlight and the generator before
operating either. Use the appropriate technical manuals when
performing the operation checks. Once you have completed the
checks, you will be ready to operate the set.

To operate the floodlights:

* Turn off all floodlight breakers.

* Start the generator.

* Once power is supplied, turn on the main breaker.

* Turn on the appropriate floodlight breakers.

Note: If power is interrupted or the unit is turned off,
you must wait approximately 15 minutes before
restarting. This delay is needed to allow the high
intensity discharge (HID) floodlights to cool down
completely.

To stop the floodlight set:

* Turn off the floodlight breakers.

* Turn off the main breaker.

* Stop the generator.

Take a minute to review the controls and their descriptions and
functions by completing the chart on the next page.
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CONTROL DESCRIPTION/FUNCTION

Circuit Breaker Main circuit breaker which controls the
number 1 or power to both the _ and _ floodlight
CB-1 systems

CB-2, CB-3, and power to operate the three 1000
CB-4 watt high intensity discharge (HID)

floodlights

CB-5 Provides overload protection to the
battery

CB-6 and CB-7 Control the power to the
receptacles

CB-8 through Control the power to the 500 watt
CB-11

Beacon ON-OFF Controls operation of the light
switch

How did you do? Did you remember these words? AC, DC,
Control, charger, convenience, lamps, and beacon? I hope so!
If not, you may want to review.

Lesson Summary. This lesson described the basic function and
purpose of the components of the floodlight set and the minimum
size generator required to operate one. It also detailed the
steps in the procedures to set up and operate the floodlight set.

The next lesson will examine how to use and complete the
Consolidated Engineer Equipment Operation Log and Service Record
(NAVMC 10524).

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Exercise: Complete items 1 through 5 by performing the action
required. Check your responses against those listed
at the end of this study unit.

1. To operate the floodlight set, you must use at least a
kW generator.

2. The beacon is powered by a storage
battery.
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3. The deck winch is used to

a. extend and retract the telescoping tower.
b. raise and lower the tower.
c. extend and retract the outriggers.
d. raise and lower the T-Bar.

4. From the procedures below, select the correct sequence to
set up the floodlight set

(1) Extend and secure outriggers.
(2) Attach the floodlights and T-Bar to the tower.
(3) Raise the tower with the deck winch.
(4) Extend the tower with the tower winch.

a. 1, 2, 3, 4 c. 4, 1, 3, 2
b. 2, 3, 1, 4 d. 2, 3, 4, 1

5. Which of the following steps give the correct sequence
for placing the floodlight set into operation?

(1) Start the generator.
(2) Turn off all floodlight breakers.
(3) Turn on the main floodlight breaker.
(4) Turn on the appropriate floodlight breakers.

a. 1, 2, 3, 4 C. 4, 1, 3, 2
b. 2, 1, 3, 4 d. 2, 3, 4, 1

Lesson 6. CONSOLIDATED ENGINEER EQUIPMENT OPERATION LOG AND
SERVICE RECORD (NAVMC 10524)

LEARNING OBJECTIVES

According to TM 4700-15/IG:

1. State how the operator uses the back side of the NAVMC
10524.

2. State where you obtain the service information that is
placed in the "Scheduled PM" blocks of the NAVMC 10524.

3. Identify where the individual who is maintaining the
NAVMC 10524 normally finds the descriptive data that is
entered in section A of the NAVMC 10572.

4. Given a situation in which you are required to maintain a
NAVMC 10524 while operating a generator at an isolated
site and a partially completed form, complete the
appropriate entries showing that you operated the
generator, completed a service, and scheduled the next
services.
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2601. Information Recorded on the Consolidated Engineer
Equipment Operation Log and Service Record, NAVMC 10524

NAVMC 10524, Consolidated Engineer Equipment Operation Log and
Service Record (commonly called the "CONLOG"), is used to record
operational usage and preventive maintenance (PM) service data on
engineer equipment such as generators, air compressors, pumps,
chain saws, and outboard motors.

In most units, the dispatcher, under the supervision of the
engineer equipment chief, will prepare and maintain the form.
When an item of equipment, such as a generator, is to be operated
at a project site over an extended period of time, a duplicate
form will be issued which you will be responsible for completing.
Once the item and the duplicate form are returned to the
equipment pool, the data will be transferred to blocks on the
original form (mostly in ink but to some extent in pencil). This
lesson will explain what to enter in each block.

The front side of the form is divided into two sections. Section
A is used to record the equipment description and scheduled PM.
Section B is used to record operation, service, and repair
details (figure 2-28).

Note: The use of section B is optional except when
equipment is used at an isolated job or project site
for an extended period.

The back side of the NAVMC 10524 (figure 2-29) is used as a
checklist of preventive maintenance services the operator
performs daily on the equipment.

The equipment's technical manual and lubrication instructions are
the sources of information entered. The engineer equipment chief
checks to make sure that the appropriate information is entered!
The symbols listed in the legend and placed in the appropriate
blocks indicate the actions and when to do them. Actions that
are not applicable will be slashed (/) out.

Remember how the NAVMC 10524 form is laid out:

FRONT (sections A & B)

A (equipment description and scheduled PM)
B (optional)(details of operation, service, and repair)

- - - - - - - - - - - - - - - - - - - - - - - - - - - -

BACK

Checklist of daily preventive maintenance services
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Fig 2-29. NAVMC Form 10524 (back side).
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2602. Front Side NAVMC 10524 Entries--First and Second Lines
of Section A

Let's take a closer look at the different sections on the front
of the CONLOG. As you remember, section A of the form contains
descriptive data about the equipment. This data is usually
entered at the supply depot before the equipment is sent to the
unit. If the data has not already been entered, the dispatcher
should obtain it from the NAVMC 696D, Motor Vehicle and Engineer
Equipment Record Folder. (If the NAVMC 696D isn't complete, you
can find the information on the equipment's data plate; you may
be required to get this information for the dispatcher since he
may not know where the data plate is located.) Also, remember
that even though it is the dispatcher's job to maintain this
form, it is the equipment chief who is still responsible for
ensuring that all information and entries are correct.

Figure 2-30 shows what entries section A (on the front of the
form) would require if filled out for a MEP 006A generator.

OONSOIDATrD ENUMEER EOUWEINT OPERATION LOG AND SERWVOE RECORD (47003
UAVUO 10524 UlV. 2-703 N.,i.- dbL. I. s .0. U A7-UsH

_ LNPad4 NCUENOLAU la NO l uN on rS&TtL pa 018 0*0 COA PlDUXO an 00 CaOSE 00000C Nw. On LMr
'E C SET 5OKW. 50 HZ D0003 | FZ-01234 | OOT 1001 323Z3

FI C-I 0-J.0NM-J a11 0003E--1 I TY-N.4 0003510 | .ECoADSTM 47ff-J/I F

K LW.120 100 |100 1300 l|| ,,|n4Ws 
_ E r 40 50 100 300 1Z2PR | JUL02

Fig 2-30. NAVMC Form 10524 (Section A).

Let's look at the first line entries first.

The Equipment Nomenclature block contains the complete
nomenclature of the equipment as indicated on the NAVMC 696D or
the equipment data plate. In this case, it shows that the
equipment is a 60 kW, 60 Hz, MEP 006A Generator Set.

The ID Number is entered in the ID Number block. (For this
generator, the number is 00038G.)

The USMC or Serial Number block contains the USMC registration
number. This number is usually painted on the item of equipment.
If the equipment does not have a USMC number, use the serial
number. The USMC number is used in this instance.

The Date Record Opened and Date Record Closed blocks are used to
record the actual dates that the form was opened and closed out.
For example, if the equipment is new, the date opened would be
the date that the equipment was first received by the unit;
however, if the equipment has been in the unit for a longer
period of time, this date would then be the date that the
information was brought forward from the previous NAVMC 10524.
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When the form is completely filled out, the date will be entered
in the Date Record Closed block. So remember, when you close out
one form, you need to open up a new one to continue tracking
operating equipment.

The Control Number Or Unit block is used to enter the owning
unit's identification number (a five digit number identifying the
unit that owns the equipment). This number can be obtained from
the NAVMC 696D.

Look at the following chart which summarizes how to fill in the
first line entries.

BLOCK NAME INFORMATION TO ENTER

EQUIPMENT NOMENCLATURE Complete descriptive nomenclature of
the equipment (as indicated on the
NAVMC 696D or equipment data plate)

ID NUMBER ID number

USMC or SERIAL NUMBER USMC registration number (usually
painted on the equipment)

DATE RECORD OPENED Used to record the actual dates that
DATE RECORD CLOSED the form was opened and closed out

(and a new form opened if needed when
equipment is still being used)

CONTROL NUMBER OR Owning unit's identification number
UNIT BLOCK (a five-digit number obtained from

the NAVMC 696D)

The second line of section A on the front of the CONLOG contains
the blocks used to record the operation and maintenance
references pertaining to the equipment. (For the generator used
in the illustration, the operator/maintenance TM numbers are
00038G/07499A-12.) The SL-4 block shows that SL-4-00038G is the
Marine Corps Stock List (repair parts listing) for the generator.
The current version of the records procedures manual is placed in
the last block. (The current version of TM 4700-15/1 is G.)

Use the remainder of section A to record time intervals that
preventive maintenance services are due and performed. For
mobile equipment, the time is indicated in miles. For equipment
that has only an hour meter, enter the hours. When equipment
doesn't have an hour meter, estimate the operational time and
record it to the nearest whole hour. To find the required
services and intervals, check the operator and organizational
maintenance sections of the technical manual and the lubrication
instructions.
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Note: Some equipment may have only one manual and other
equipment may have more than one manual. When
determining service intervals for equipment that has
more than one manual, make sure that you check all of
the manuals.

To review:

The second line of section A (on the front of the CONLOG
form) contains

blocks used to record the operation and maintenance
references pertaining to the equipment.

the remainder of the records document preventive
maintenance time intervals.

2603. Front side "Scheduled PM" Entries on the NAVMC 10524
(Third and Fourth Lines of Section A)

Basic scheduled PM intervals are 40, 50, 100, and 300 hours (read
off the generator's hour meter). The generator entered in the
figure also requires a 500 hour PM, so you would enter "500" in
the block after "300." Use the PM Due blocks to record the next
intervals when the services are due; make these entries in pencil
because they continually change. When a service such as the 100-
hour scheduled PM is performed, it includes all scheduled
services due up to that time.

For example, let's assume that the hour-meter on the generator
entered in figure 2-30 now reads "100 hours." If you look at the
PM Due blocks, you will see that both the "50 hour" and "100
hour" services are due together. After completing the services,
erase the penciled entries and enter the hour readings when the
next services are to be performed. For our example, the 50 PM
Due block would now be changed to "150" and the next 100 PM Due
block would be changed to 200.

The Last Quarterly and Next Quarterly blocks are used to schedule
and record quarterly preventive maintenance for the equipment.
Place the type of lubrication service to be performed at the time
of the next scheduled quarterly PM in the Lubrication Due Next
Quarterly block. Entries in all three of these blocks are pencil
entries (even when the form says "Please type.")

Here is how the record starts. When you receive new equipment,
perform a complete inspection and quarterly service. Enter the
completion date of that initial service in the Last Quarterly
block. Use the quarterly time frame (90 days from that date) to
schedule the next quarterly service. The next quarterly service
will then be scheduled (and recorded) for 90 days from that date.
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The system of scheduling quarterly maintenance service is
designed to ensure equipment is thoroughly and routinely checked
and that all repairs are made with accurate records kept of each.
Good quarterly PM's help keep equipment operating at peak
performance levels. When equipment is operated for extended
periods, it will often reach 250 hours of operation before the
next quarterly service is due. When this occurs, complete a
quarterly PM service (even though the 90 days has not elapsed)
and schedule the next quarterly 90 days from that date.

See if you remember how to fill out the third and fourth lines of
Section A of ths CONLOG.

PM DUE Time intervals of 40, 50, 100, and 300
(Use pencil only) (hours) - (record in pencil when due)

SCHEDULED PM Record when maintenance servicing is
complete and enter the hour reading
when the next services should be
performed.

LAST QUARTERLY BLOCK Schedule and record quarterly
NEXT QUARTERLY BLOCK preventive maintenance performed (and
(Use pencil only) next scheduled inspection, in 90 days,

on new equipment).

LUBRICATION DUE Record the type of lubrication due
NEXT QUARTERLY next quarter.
(Use pencil only)

2604. Recording Equipment Operation and PM Service at an
Isolated Site (Section B)

Section B of the CONLOG provides a record of equipment usage
(hours or miles of operation), fuel and oil consumption, and PM
services performed on an item of equipment. Remember, the use of
section B is optional except in cases where the item is intended
to be operated at an isolated site for an extended period. In
that case, a duplicate of the form would be sent with the
equipment. You, as an operator, would then use that form as a
daily operation log. When used for this purpose, make entries in
section B every time the equipment is operated.

Figure 2-31 shows typical CONLOG entries.
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OPERAIO aERNvea
JPEEOOtTr Or TOTAL POL OONBUUPTICN

DATE HOIRTEMR SADbc 14RSM SCH JA T3ErL.E-o aN IIATUE
XTAnTEL STOPPE10 OraEP -iF IA)lo- RlO~-' 30. , TnA

18Mar92 427 40 1485 4 87 _ Totals arried forward

19Mar92 427 441 14 40 § 60 deaned 440

20Mar92 441 455 14 50 41 1 dleaned 450

21Mar92 455 470 IS 40 40 deaned 15A ff.5__

22Mar92 470 480 10 40 35 1 cleaned 480

23Mar92 480 494 14 100 Z 40 =deaned ________

24Mar92 494 S10 16 100 45 2 changed 500 RR324 656S6 I 95
25Mar92 510 524 14 40 7 40 cdeaned 520

26Mar92 524 537 13 50 40 1 cleaned -

27Mar92 537 550 13 S0 o 40 cleaned SS9

28Mar92 550 566 16 40 5 1 1 l deaned 560

29Mar92 566 58 IS 300 50 elcaned

30Mar92 581 596 IS 300 Z 45 - - cleaned

31Mar92 596 610 14 300 SS SS _ dceaned 600 DM120 65656 9 S
3Apr92 610 622 12 40 _ 55 cleaned -'2' -

C*. fl -i Jb' A Xt ' a7 Ji_ . A A - _. . hAV -¢ k_sU _

Fig 2-31. Conlog entries on NAVMC Form 10524 (section B).

Use the first line of section B to bring forward the total
speedometer or hour meter reading and the total POL consumed from
the previous NAVMC 10524.

Entries in the Operation portion of section B are self
explanatory; enter the date operated, hours or miles at the start
of operation, and the hours or miles when the operation is
completed. Then, total the hours or miles that the equipment was
operated.

Use the Scheduled PM Due column to enter the next scheduled
service due. To determine the particular service due, refer to
the PM Due and Scheduled PM blocks of section A. Make this entry
at the beginning of the day's operation.

In the appropriate column, enter the amount of POL consumed each
time the equipment is operated. When you change or clean the air
filter, state which action you have performed in the Air Filter
Cleaned/Changed column.

Use the Hr/Mi PM Completed column to enter the hours or miles on
the equipment each time a service is completed. After entering
the hours or miles, calculate the hours or miles when the next
scheduled service/services are due and enter these in the PM Due
blocks of section A (pencil entries).
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Each time you use an Equipment Repair Order (ERO) to perform a
service, record the ERO number in the TERO No column and enter
the unit designation number of the unit performing the service in
the Unit column. The engineer equipment chief signs the
signature block to verify entries on the original NAVMC 10524.
When a duplicate is used, the individual responsible for ensuring
that the service is completed at the site will sign in the
signature column.

As was stated earlier, once the equipment is no longer required
at a job site, total up the temporary CONLOG and make an entry
showing the totals for the job site on the original CONLOG. Keep
the temporary CONLOG with the equipment records until the next
QPM (figure 2-32) is completed.

CONSWATED ENGNEE EONWIBfT OPERATION LOG ANO SERVICE KOCItD (47001

NAVIIC 10524 WV. 3-701 h.(.w itin k AdlL SN: NH-MIM UOILS

= EQI T iNOENCLAThE In UIt OR SEML NO. DATE RElO OPOCMDANl E OaOO LNo. M UNT
60 kW, 60Hz, GENERATOR SET 00038G FZ-01234 20Feb92 | 32323

<ED1 - OPME AJIODNM - rY 00038G\07499A-12 Pa| TI-XA 00038G |ECOEMI (7ff5S/ F

PM OLIL| LAST DUASTLY INEXT UATEYI LuaAIE ET

=SOED PM: 40 |50 10 300 31MAR92 J 29JUN92

mon r a. D4IWIXEITDATE HOMM- IVA4D imm 1/U PM MMin UN SOSTISinAnEM STOPS [MaD (C.0 1 0 3 3LTI Tr ________

20Feb92 390 390 100 834 4 86 Touls cardie forward

27Feb92 390 400 10 100 55 1 cbangrd 400 ER323 32323 375 T '
4Ma2 400 409 9 40 40 _ caned

9Mar92 409 415 6 40 25 _deaned

12Mar92 415 427 12 40 55 ckeaned

2APR92 427 622 195 40 155 30 _deaned 600 DM120 65656 iJ IJSg1f

NaTLtt. Ms 1* kP q1 't Wd.& C9 hhu.1 fla Soam A mil go y f.a hkew I ke SPEC AK

Fig 2-32. Updated NAVMC Form 10524 (section B).
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This is how to complete and use the front side of the CONLOG when
at an isolated site.

LOCATION ON FORM DATA TO ENTER

FIRST LINE Bring forward the total speedometer or
hour meter reading and the total POL
consumed from the previous NAVMC 1054
reading.

"OPERATION" portion Date operated, hours or miles at the
start (and completion) of operation,
then, total of hours or miles.

SCHEDULED PM DUE Next scheduled service (hours or
miles) due; to determine it, refer to
the "PM Due" and "Scheduled PM" blocks
of section A.

(Make this entry at the beginning of
the day.)

POL CONSUMPTION Amount of POL consumed each time the
equipment is operated

AIR FILTER CLEANED/ Whether you changed or cleaned the
CHANGED air filter

HR/MI PM COMPLETED Hours or miles each time the equipment
PM is completed. (Then, calculate the
hours or miles when the next scheduled
service/services are due.)

PM DUE Hours or miles when the next scheduled
service is due

TERO NO. ERO number

UNIT Unit designation of the unit
performing the service

SIGNATURE Signature of the Engineer Equipment
Chief to verify entries on the
original NAVMC 10524

When a duplicate is used, whoever is
responsible for verifying entries
signs.
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Lesson Summary. In this lesson, you learned how to use the NAVMC
10524 (the Consolidated Engineer Equipment Operation Log and
Service Record/CONLOG). You learned how to use the front and
back sides and where to obtain the descriptive and service data
to enter on the form so that, when you are charged with the
responsibility of maintaining your equipment and this important
record of servicing (at an isolated or remote location) you will
be able to do so. You also identified where to enter specific
information on the form. You were shown how to fill out section
B of the CONLOG and how to use the back side of the form as a
daily check list.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Exercise: Complete items 1 through 4 by performing the action
required. Check your responses against those listed
at the end of this study unit.

1. How do you, as an operator, use the back side of the
NAVMC 10524?

2. Where does the individual who is maintaining the NAVMC
10524 normally find the descriptive data that is placed
in section A?

a. Motor Vehicle Engineer Equipment Record Folder (NAVMC
696D)

b. Table of Allowance manual
c. Unit's Table of Equipment
d. Equipment data plate

3. Where do you find the service information that is placed
in the Scheduled PM blocks of the NAVMC 10524?

Item 4 refers to the following situation. Read the situation
carefully. Then, using the NAVMC 10524 provided on the next
page, complete the operation and service entries.

Situation: Today's date is 19 May 1992. You are operating a
MEP 006A 60 kW, 60 Hz generator at a job site. You are given
a NAVMC 10524 to record your daily operation. The hour meter
on the generator read "00390" when you started the day's
operation. At the end of the day's operation, the hour meter
reading was "00400." You performed the service that was due
(changed the air filter, and added 50 gallons of fuel and one
quart of 30 wt. oil). Using ERO number "D120," make the
entries in section B to show that the service was completed
as scheduled and then schedule, in section A, the interval
(hour reading) for the next services that are due.
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4.

tONSOLIDATED ENGINEER EalIPUENT OPERATION LOG AND SERVICE RECORD (47003

NAVUC 10524 (REV. 3-701 han. uEiiDa lr .J..Egd S 1AN941 IJlSH

EOULIPENT NOUENCLATIUFE ID ND. DUSLC ORIAL . DATE RECORD OPDN DATE FECORD CLOSE CONTL NO. OR UMT

60 kW, 60Hz, GENERATOR SET 00038G u FZ-01234 | 19 MAY 92 65656

z AIEFZECES OEONALnTiANCE - aN 00038G\07499A-12 PAIS -Z4 00038G RECORDS-I 47sI5/ F

PMDL HCt\LC-( LAST EUARTERLY NEX DUAKIEFILY LUBRICATION DUE NEXT
O(1. .a OI,i TUU |AJ U o | 0 0 |F°| 0-° l-A ' { D- a.) QARTERY (Ea 7p)

=SCHEOm -PU: 40 50 100 300 23APR92 22JUL92

OPERATUS, SERVICE

IhlE HDULETEC TER OR PTLDTNLW TI OL NT FLTER Hr p . NODATE OLNCER REDINM i-AA DLIE ITAEr DL No.EVIDI(IUUN!WWT SD4ATLME
ETARID STOTE (Iup"I cc.a COaL)1 306 o~aCLEANE/OIU DT

NOT 30 go

13MAY92 339 339 50 1623 4 87 Totals carried forward

14MAY92 339 350 11 50 55 rleaned 350 65656 AV
15MAY92 350 360 10 40 50 1 cleaned 360 65656

z 16MAY92 360 372 12 100 60 leaned _ =

17MAY92 372 382 10 100 50 cleaned -

I1MAY92 382 390 8 100 42 _ _ ancd_

NDTL pWiaa iMfr. . uiyk Lll k1.da t SaAS A i4 lS MIIy Jr..tkas 1a tolC AJIO

UNIT SUMMARY

This study unit provided you with the knowledge and skills needed
to select an appropriate generator site, position the generator,
and place a generator into operation. Also, you identified the
procedures used to place two generators into parallel operation
and the procedures for using the dummy load and the dummy load in
conjunction with the generator. You were also presented with the
knowledge and skills needed to set up and operate the floodlight
set. Finally, you examined the NAVMC 10524 which is used to
record operation and preventive maintenance information on
engineer equipment.

The next study unit will cover what tools you will need to set up
and run an electrical distribution system in a base camp and how
to prepare a camp layout.
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Lesson 1 Exercise Solutions

Reference

1. a. Individual demands 2101
b. Weight and size of equipment
c. Servicing requirements
d. Noise level

2. c. 2102
3. a. 2103
4. Ground pipes 2104
5. Ground rods 2105
6. a. 2106
7. c. 2106
8. Sodium chloride (table salt) 2107

Lesson 2 Exercise Solutions

Reference

1. b. 2201
2. a. 2202
3. a. 2203
4. engine 2203
5. To activate an ether starting aid 2203c(l)
6. To place the generator in either 2203c(2)

single unit operation or parallel
operation

7. b. 2204
8. c. 2205
9. disconnect the load 2206

Lesson 3 Exercise Solutions
Reference

1. 60 Hz and 400 Hz 2301
2. To the left of the frequency meter 2302
3. b. 2303
4. a. 2304

Lesson 4 Exercise Solutions

Reference

1. c. 2401a
2. internal, external 2402
3. b. 2403
4. a. 2403
5. e. 2403
6. c. 2403
7. d. 2403
8. manual throttle control 2404
9. synchronize 2405

2406
10. Allow both engines to cool down 2407
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Lesson 5 Exercise Solutions

Reference

1. 10 2501
2. 12 volt lead acid 2502
3. b. 2502
4. a. 2503
5. b. 2504

Lesson 6 Exercise Solutions

Reference

1. You use it as a checklist. 2601
2. a. 2602
3. In the technical manual & lubrication 2602

instructions for the item of equipment
4. (Answer shown below) 2602

2603
2604

CONSCOLATEO EN1lEER EQUPWI 0PRATI LOG ANO SERVI ICE lWM (4700
NAVUC 10524 (IEV. 3-703 Nn. it &k#WdL " I N1 E UH

ECL0PT If NOAtN Ha E c sum NO. DATE NM= CP9I DAN RMcM asoa.s L NO. Oe.R tPT
60 kW, 60Hz, GENERATOR SET 100038G u FZ-01234 119 MAY 92 65656

RzEFCil OPERATI£N0HALD CES- aF 00038G\07499A-12 PARTS -Z 00038G IECOAOSM 011 F

Q 1A1°70.13 LH° 550 500 600 OLS Y (P- T

=saEMA PM 40 50 10 300 23APR92 | 22JUL92

SPEnhEE ORP. Flm A

MAlE O E1 TO T - H W T leH NO | 2ATLPE
STARTED STOPPED GPM.u Rl- T NTL IEAME_________E___

13MAY92 339 339 50 1623 4 57 ToUls cared forward

14MAY92 339 350 11 50 55 cdeaned 350 65656

15MAY92 350 360 10 40 50 1 cleaned 360 65656 

i 16MAY92 360 372 12 100 60 cleaned

17MAY92 372 382 10 100 50 _deaned

18MAY92 382 390 8 100 42 cleaned

19MAY92 390 400 10 100 / 50 1 changed 400 DM120 65656

OTL flt. * i II .*, hm,& d b P. 5Ud. A mi 1 y PM &,d. I bZ J EWM
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STUDY UNIT 3

ELECTRICAL DISTRIBUTION SYSTEMS

Introduction. Because of modern technology, the success of
many military operations depends on electricity. An
electrical distribution system must be designed to meet the
vast needs of these operations. Its design must be well
thought out if the mission is to be a success. It will be
your job as a Marine electrician to help design and install
distribution systems able to meet electrical needs.

The development of an electrical distribution system requires
more than a knowledge of electricity and generators. A good
distribution system is one that is soundly constructed, has a
flexible design that allows for expansion, and does the job
using time and equipment effectively. There are many
considerations that must be taken into account when designing
and constructing an effective electrical distribution system.
This study unit will cover support equipment, the Mobile
Electric Power Distribution System (MEPDIS), and system
design to provide you with the knowledge and skills needed to
identify, select, and install an electrical power
distribution system.

Lesson 1. SUPPORT EQUIPMENT

LEARNING OBJECTIVES

1. State the tool kit that contains the hand tools most
often used to install or repair an electrical
distribution system.

2. Provided with a list of components of the pioneer tool
kit and a list of their functions, match each component
with its function.

3. Provided with a list of components for general
illumination sets, match each component with its
appropriate set.

4. Given a diagram of a bus bar, identify its minimum
dimensions.

5. From a list of components, select the minimum components
required to construct a wiring harness for a general
purpose (GP) tent.

3101. Tools in the Lineman's Tool Kit

The construction of an electrical distribution system can be a
very strenuous task requiring numerous man-hours and many
different types of tools. The lineman's tool kit contains the
hand tools most often used in the installation and repair of
distribution systems. You, as an electrician, must know what the
kit consists of and how to use it.

3-1



The lineman's tool kit contains equipment for climbing trees and
poles as shown in figure 3-1.

zX~~~~' 

Fig 3-1. Climbing set.

There is one safety belt with D-rings (1), one safety strap with
hooks (2), and one climbing set (3). The kit also contains one
large and one medium pair of leather gloves that you can use to
protect your hands while climbing.

The tool kit has a brace (bit ratchet) shown in figure 3-2 for
drilling or boring holes.

Fig 3-2. Brace (bit rachet).
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The brace is used along with a bit set consisting of four auger
bits of various sizes that are used to drill holes in wood.

The kit also has a breast drill and a hand drill like those shown
in figure 3-3.

Fig 3-3. Breast drill and hand drill.

The hand drill has eight bits located in its handle; a canvas
roll contains an additional drill bit set of 15 bits that can be
used with either drill. Both sets of bits are used for drilling
wood.

Tools for cutting include the hacksaw (with blades), a cable
cutter (referred to as a center type bolt cutter), and three
pocket knives. Cable cutters are considered high security items
and should be secured when not in use.

A cable jaw grip is also included. This device is used to pull
wire tight and then hold it in place. It has a 1500 pound safe
load rating.

There are numerous additional common hand tools in the lineman's
tool kit; the types and quantities are listed in table 3-1.

3-3



Table 3-1. Hand Tools in the Lineman's Tool Kit

TOOL NAME QUANTITY

Hammer, hand, 2 lb 4 oz head 3

Hammer, hand, carpenter's 3

Pliers, long nose 3

Pliers, slip-joint 3

Pliers, curved needle nose 1

Pliers, diagonal cutting 3

Puller, fuse 1

Ruler, multi-folding 3

Tape measure, 50-foot 1

Wrench, adjustable 6" 3

Wrench, adjustable 8" 1

Wrench, adjustable 12" 1

Wrench, pliers, vise grip 1

Screwdriver, cross tip #1 3

Screwdriver, cross tip #2 3

Screwdrivers, flat tip:

blade length (in.) tip width (in.)

4 1/4 3
6 5/16 3
8 3/8 1

In addition, there is a clamp-on multimeter for measuring voltage
and current and a soldering iron for repairing electrical
connections and wire. Finally, there are three belt-type leather
carriers that are used for carrying tools.

3102. Pioneer Tool Kit Tools and Their Functions

The installation of electric distribution systems will frequently
require you to clear brush and erect overhead distribution poles.
The tools required to accomplish these tasks are found in the
pioneer tool kit.
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This kit comes in three variations: squad, platoon, and general
purpose (sometimes referred to as company) and includes tools
that are used in utility and engineer operations. The adz shown
in figure 3-4 is used to take bark off trees and logs.

Fig 3-4. Adz.

The bush hook is used for what its name implies--clearing bushes
and shrubs (figure 3-5).

Fig 3-5. Bush hook.

Machetes are used to clear brush, and cross cut saws are used to
cut trees and logs. Long handled and D-handled shovels are for
digging and axes are available for cutting.
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The pick and double-bevel mattocks (figure 3-6) are used to break
up hard soil.

DWUDL~UEVEVL MATrOC

PICK-MATOCK

Fig 3-6. Mattock.

The timber carrier shown in figure 3-7 is used to carry timber
and logs; it is often used to transport the poles needed for an
overhead electrical distribution system.

Fig 3-7. Timber carrier.

The peavy (figure 3-8) is used to move logs and small trees.

Fig 3-8. Peavy.

There is also textile tape (commonly called engineer tape) used
primarily for marking areas. There are timber wedges for
splitting logs, wrecking bars and crow bars, block and tackles,
and a large cable jaw with a 5,000-lb safe load capacity rating.

Time for a quick review to see what you remember about the two
types of tool kits. See if you can answer the questions on the
next page.
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State the two types of tool kits.

and

Which tool kit contains the hand tools most often used in
the installation and repair of distribution systems?

Can you name three tools in each kit? (Name the type of kit
in the heading and then list any three tools from that kit
below it.)

Here are the correct answers.

The two types of tool kits are lineman's and pioneer.
You will most often use the hand tools in the lineman's
tool kit to install and repair distribution systems. Here
are some of the Lineman's tool kit tools: tree climbing
equipment (safety belt, strap and climbers set, gloves),
a brace and bit set, tools for cutting (hacksaw, cable
cutter, pocket knives, cable jaw grip), fuse puller, and
multi-folding ruler among others. Tools in the pioneer
(squad, platoon, and general purpose) tool kit include:
the adz, bush hook, mattock, timber carrier, and peavy.

3103. General Illumination Sets

The majority of the supplies for installing a distribution system
will come from two general illumination sets (commonly called
"light" sets). They are classified as the "large" and "small"
sets.

a. Large set components. The large set is more commonly used
and contains 36 different components listed in SL-3-00941A. The
large set has the following three types of lamp holders:

(1) plastic body type with a pull chain switch

(2) plain plastic type with pigtail wires

(3) ceramic body, brass-shelled type with a rotary switch
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These lamp holders use reflectors (lamp shades) to direct light
to specific areas. The holders use 60-watt bulbs for general
lighting and 150-watt light bulbs for security lighting.

There are two types of adapters that screw into the large set
lampholders; one accommodates two light bulbs, the other
accommodates a plug-in male type connector.

There is a wall-mounted toggle switch to turn power on and off.

Table 3-2. Technical Characteristics of the Large Light Set

COMPONENT DESCRIPTION\FUNCTIONS

Adapters The adapters screw into the lampholders.
One type accommodates two light bulbs. The
other type accommodates a plug-in, male
type connector.

Contact Dual receptacle, wall-mounted boxes with
Outlet boxes wall-mounted toggle switches for turning

equipment on and off. These boxes are
designed to accommodate various appliances
and equipment.

Two and three Male plug-in
contact
connectors

The large set uses several different types and sizes of cable
described by two numbers which refer to the size of the wire and
the number of wires.

(4) #12/2 Romex. Normally used to make wiring harnesses and
for interior wiring.

Note: In this case, there are two conductors of American
Wire Gauge (AWG) #12 size and a ground wire. All
three are wrapped in one jacket.

(5) #14/2. Used for small loads and to make extension cords.

(6) #18/2. Used when only a small current carrying capacity
is needed.

(7) #14/3. Has three conductors.

(8) #4, and #8 (AWG) single conductor wire. Used for
overhead distribution systems, bus bar connections, or to
wire heavy loads.
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(9) Insulator assemblies. Used to secure wire to poles,
trees, buildings, etc. They come as sets of three
porcelain insulators mounted on metal base plates. The
insulator assemblies are secured in place with the lag
bolts included in the light set.

(10) Flexible nonmetallic conduit. Used to insulate wire in
applications where exposed wires would be unsafe.
Double setscrew, splice connectors are included for
connecting (splicing) wire together.

b. Small set components. There may be times when you will have
to install an electrical distribution system that requires more
supplies than is contained in the large light set. Then, you'll
use the small light set in addition to the large set. The small
set has some of the same high usage components that are in the
large set and will expand the range of your wiring.

The small light set contains 100- and 300-watt light bulbs for
lighting and fuses rated at 250 amps to protect main circuits.
The three pole switch box with a single throw action can be used
for switching generators or as a main power switch. Number 2 AWG
wire is included for constructing main power lines in large
camps. As you can see, having both sets available increases your
versatility.

Time for another review.

What are insulator assemblies used for?

What do you use double setscrew splice connectors for?

Compare your answers with these.

Insulator assemblies are used to secure wire to poles,
trees, buildings, etc. You use the double setscrew and
splice connectors for connecting (splicing) wire together.

3104. Bus Bar

The electrical equipment requiring power may be scattered and you
may need to provide feeder lines to various areas. In a case
like this, a bus bar can be used as a central connection and
distribution point for all feeder lines. The operational time
commitments of your generators may also require you to regularly
switch generators to perform preventive maintenance; a bus bar
helps do this quickly.
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As you can see, a bus bar can be a valuable piece of equipment,
but first you must know how to build one. Selecting the site is
the first step in constructing a bus bar. A clear, level, well-
drained area is ideal.

The upright posts, usually made of wood, are constructed and set
in the ground using the dimensions shown in figure 3-9.

V s 5 FT MINIMUM

6 FT~

~3Frz

Fig 3-9. Construction of a bus bar.

These dimensions are minimum guidelines to use. Small trees,
4x4's, or utility poles are the types of wood normally used. A
top brace crossmember is nailed to the posts to make the
framework steady (figure 3-10).
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Fig 3-10. Top brace crossmember installed.

The brace may be made of any available material, but it is
usually a 2 x 4; you should saw off any excess overhang to
prevent injuries to personnel working in the area.

The wiring for the bus bar must be strung between insulators.
You can use insulators from the insulator racks that are part of
both the large and small light sets. Each rack has three
insulators mounted to it. Remove the middle insulator from four
of the racks. Using lag bolts, mount two racks on the inside of
each post so that the racks face each other as shown in figure
3-11.

Fig 3-11. Mounting insulator racks.

The generator capacity and load requirements will determine the
size of the wire to use. Remember, since the bus bar is the main
connection point for all of the feeder lines, it must be able to
handle the combined power of all the feeder lines.
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(Procedures for determining load requirements will be covered in
detail later in this study unit.)

Once you have decided on the wire size, use dead-end ties to
attach the conductors to the insulators. Make a dead-end tie,
(shown in figure 3-12) by running the conductor through the eye
of the insulator, over the top, and through the eye again. (Wrap
the short end of the conductor around the long end, making 5 to 7
tight turns or buttons.)

(1) (2) (3)

Fig 3-12. Dead-end ties.

Thread the long end of the conductor through the insulator
located directly across on the opposite post. Pull the conductor
as tight as possible and make another dead-end tie. When all
four conductors are in place, the bus bar should look similar to
the one in figure 3-13.

Fig 31.Cmltd busbr~~~~~~~~~L3

__lGROUND
ROD

Fig 3-13. Completed bus bar.

A good way to identify the conductors is to mark them with pieces
of tape (figure 3-13). A simple method that works well is to
start at the top and work down.
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Mark the top wire with three pieces of tape to label it as "phase
three," the next with two pieces of tape indicating "phase two,"
and the next with one piece to indicate "phase one." (The bottom
wire is your neutral wire and does not get marked.)

Drive the ground rod a minimum of 8 feet into the ground next to
the bus bar and connect a piece of #6 AWG (or larger) wire from
the ground rod to the neutral wire. A splice connector
(component of the light set) can be used to connect the wires
together.

The top three conductors will become the "hot" wires once the
wires coming from the generator(s) are connected and energized.
These wires must NOT be allowed to come in contact with each
other; this is why you pull them as tight as possible.

Caution: If for some reason the wires should touch each
other when the circuit is energized, damage to the
generator or even a fire could result.

The hot wires from the generator(s) and the feeder lines that go
to the different areas of the camp can be connected right to the
three top wires of the bus bar (figure 3-14).

OUTrOING INCOPMING
POWbR ro I 11 rOWR F'ROIM I 0(
lOADS GENERATOR

L3

Z 11

Fig 3-14. Bus bar wired.

Warning: Use common sense when working on the bus bar. Make
sure the circuit is not energized when making
connections or doing any other work on the bus bar.
To prevent accidental injury, use engineer tape to
rope off the area around the bus bar and make sure
all connections are covered with electrical tape.

A SURE WAY TO GET SOMEONE KILLED IS TO MAKE CONTACT
WITH WIRES OR COMPONENTS WHEN THE CIRCUIT IS
ENERGIZED!
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To make the bus bar more versatile, a switch box may be added to
control power coming from the generator(s), or, as shown in
figure 3-15, breaker boxes could be mounted to the front of a
sheet of plywood to power different areas of your camp.

F1REDEDR TO
SEClsON B -

FEEDER TO ;
SECTION A 

Fig 3-15. Breaker boxes used with bus bar.

3105. Constructing a Wiring Harness

In a field operation, wiring harnesses are constructed to provide
interior wiring for different tents such as the maintenance,
general purpose (GP), or command post (CP). Maintenance and
command post tents are wired for specific purposes and the wiring
usually changes from operation to operation. Therefore, we will
cover the construction of only a GP tent wiring harness. The
majority of the GP tents that you wire in the field will be for
billeting, so at a minimum, they should contain three lights, a
receptacle, and a switch. Since the same material is used in
each harness, you can easily make, in advance, the harnesses for
all tents used for billeting. Let's look at the construction of
one wiring harness.

From the large light set you will need:

* One 37 foot length of #12/2 wire with ground (Romex).
* One duplex receptacle
* One on/off switch
* Three pigtail lamp holders

The first step in constructing a wiring harness is to mark the
Romex with tape at predetermined locations for the lamp holders,
switch, and receptacle. Figure 3-16 shows how the Romex is to be
marked.
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TAPE

Fig 3-16. Romex marked for component placement.

The first component you will connect after marking the Romex is
the receptacle. To do this, cut away 6 inches (centered on mark)
of the outside insulation of the Romex. (When making this cut,
make sure you don't cut into the insulation of the inside
conductors!) Next, cut the white and black inside conductors in
half. Strip away about one inch of insulation from each wire;
then form the ends into loops as shown in figure 3-17.

Fig 3-17. Looping ends of conductors.

Connect the conductors to the receptacle screws. The black wires
go to the gold screws and the white wires go to the silver
screws. Ensure that the curved ends of the wires are looped
around the screws in the same direction that you tighten the
screws (figure 3-18).
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Fig 3-18. Installing a receptacle.

This will help keep the wires from coming loose when you tighten
the screws. Loop the ground wire tightly around the green ground
screw on the receptacle; this will ground the receptacle to the
entire system.

Now that you have the receptacle installed on the Romex, it's
time to install the switch; this particular switch is a simple
on/off switch. At the second spot you marked, cut the outer
layer of insulation of the Romex the same way you cut it for the
receptacle. This time you will cut only the black wire in half.
Form both ends into loops and then connect them to the switch.
Place the switch into the box as shown in figure 3-19.
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Fig 3-19. Installing a switch

When you are finished, the lights should be on when the switch is
up and off when the switch is down.

The last components to install are the pigtail lamp holders.
Once again, cut the outside insulation back about 6 inches. This
time, you are going to cut the white and black wires at different
places. Measure out from the center about one inch and trim the
insulation from the black wire. Measure about one inch from the
center in the other direction and trim the insulation from the
white wire. (Do this to stagger the splices as shown in
figure 3-20.)
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Fig 3-20. Installing a pigtail lamp holder.

The pigtail also has black and white wires; simply connect the
black wire of the pigtail to the black wire of the Romex.
Connect the white wire of the pigtail to the white wire of the
Romex. Both splices should be soldered and taped with electrical
tape after the connections are made.

The last step is to tape the end of the Romex to prevent
accidental shock. The conductors should be taped individually;
the ground wire can be bent back and taped. The entire end of
the wire should then be taped. Figure 3-21 illustrates what the
end of the Romex should look like while it is being taped.

o | ~~~~GRouND

Fig 3-21. Taping Romex.

Lesson Summary. This lesson provided the information you need to
identify and use the components of the lineman's and pioneer's
tool kits used by Marine electricians. In addition, you
identified components and procedures for constructing a bus bar
and a wiring harness. In the next lesson, you will identify the
different components of the Mobile Electric Power Distribution
System and the procedures for its installation.
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Exercise: Complete items 1 through 14 by performing the action
required. Check your responses against those listed
at the end of this study unit.

1. What tool kit contains the hand tools that a Marine
electrician will most often use to install or repair an
electrical distribution system?

Matching: For items 2 through 6, match each component of the
pioneer tool kit in column 1 with its function in column 2.
Place your responses in the spaces provided. You may use the
functions in column 2 more than once.

Column 1 Column 2

Component Function

2. Carrier, timber a. Break up hard soil
3. Bush hook b. Move logs or small trees
4. Mattock, pick type c. Clear bushes and shrubs
5. Adz d. Take bark off trees
6. Peavy e. Carry timber and logs

f. Cut trees and logs

MatchinQ: For items 7 through 12, match each component in
column 1 to its kit or set in column 2. Place your responses
in the spaces provided. You may use the kits or sets in
column 2 more than once.

Column 1 Column 2

Component Kit or Set

7. Bar, wrecking a. General Illumination Set
8. Puller, fuse b. Lineman's Tool Kit
9. Insulator assembly c. Pioneer Tool Kit
10. Splice conductor
11. Ruler, multi-folding
12. Timber carrier
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13. On the diagram of the bus bar below, what are the minimum
required measurements for dimensions "B" and "C"?

l 1iF~~6 AWG

a. Dimension "B" is minimum.

b. Dimension "C" is minimum.

14. From the list provided, place a check by the minimum
items required to construct a wiring harness for one
general purpose (GP) tent.

a. 37 ft AWG #12/2 Romex with ground
b. 42 ft AWG #12/2 Romex with ground
c. (1) on/off switch
d. (3) pigtail lamp holders
e. (2) pigtail lamp holders
f. (1) duplex receptacle
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Lesson 2. MOBILE ELECTRIC POWER DISTRIBUTION SYSTEM (MEPDIS)

LEARNING OBJECTIVES:

1. State the types of loads that the MEPDIS is capable of
providing power to.

2. State the kW power ratings for the MEPDIS power
distribution panel board assemblies.

3. From a list of steps to place the power distribution
board assemblies into operation, select the proper
sequence for performing the steps.

4. Provided with lists of types and quantities of tents,
match the type of tent to the quantity that one complete
field wiring harness (FWH) set is designed to support.

3201. MEPDIS Configuration

As you know, an electrical distribution system transfers
electricity from a source such as a generator to the load. The
Mobile Electric Power Distribution System (commonly referred to
as MEPDIS) provides a fast, mobile, and safe means of installing
an electrical distribution system. The MEPDIS can be effective
only if you know how to use it, but first you will need to know
its capabilities and components.

The MEPDIS provides a network for connecting multiple 120/208V,
three-phase loads and 120V, single-phase loads to a remote
generator or facility power source. The system is capable of 16
separate power inputs and 170-power outputs. Figure 3-22 shows a
sample layout for the employment of the MEPDIS.

Fig 3-22. 100 kW XEPDIS layout.
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The MEPDIS consists of ten 15 kW, four 30 kW, and two 100 kW
power distribution panel board assemblies. Each assembly is skid
mounted; the 30 kW and 100 kW assemblies have eye bolts for
lifting and towing. Each panel board assembly is housed in a
water-resistant cabinet that protects the circuit breakers and
wiring. The circuit breakers are accessed by unlatching and
raising the hinged cabinet cover. Input and output receptacles
are also protected by covers. Each individual panel board
assembly can be linked together by cables which allow for a wide
range of configurations. Table 3-3 shows a complete list of the
MEPDIS components.

Table 3-3. MEPDIS Components

FRAME BASE
OUANTITY TYPE CLASS SIZE OR LENGTH

PANEL BOARDS

10 1 1 15kW A-FRAME
4 1 1 3OkW A-FRAME
2 1 1 100kW A-FRAME

CABLE ASSEMBLIES

4 1 1 350 AMP 50 FT
48 2 1 100 AMP 50 FT

4 4 1 100 AMP 50 FT
80 2 1 60 AMP 100 FT

5 4 1 60 AMP 100 FT
5 3 1 30 AMP 100 FT
2 5 1 30 AMP 100 FT

23 3 1 20 AMP 100 FT
74 3 2 20 AMP 100 FT
5 5 2 20 AMP 100 FT

Do you remember the types of loads that the MEPDIS can
provide power to?

What are the kW power ratings for the MEPDIS power
distribution panel board assemblies?
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Did you remember that the MEPDIS can connect multiple
120/208V, three-phase loads and 120V, single-phase
loads (and is capable of 16 separate power inputs and
170 power outputs)? Also, the MEPDIS consists of ten
15 kW, four 30 kW, and two 100 kW power distribution
panel board assemblies! If you did, good work!

3202. Distribution Panel Board Assemblies

Figure 3-23 shows the 15 kW distribution panel board assembly.

Fig 3-23. 15 kW panel board.

The 15 kW distribution panel board consists of a main input
receptacle, 12 protective circuit breakers, and 11 output
receptacles.

The main input receptacle is the connection point for incoming
power. It is protected by a 60-amp, three-phase main circuit
breaker.

The remaining 11 circuit breakers are numbered and protect the
corresponding numbered output receptacle. There are two three-
phase breakers (numbered 3 and 4) that are rated at 20 amps each.
There are also nine single-phase breakers numbered 5, 7, 8, 9,
10, 11, 12, 13, and 14 that are rated at 20 amps each.

The input and output receptacles are connected to an internal
ground bus bar and neutral bus bar. Phase indicator lights
illuminate when the main circuit breaker is closed and input
power is present.
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The 30 kW distribution panel board assembly is shown in figure
3-24.

Fig 3-24. 30 kW panel board.

The 30 kW distribution panel board consists of a main input
receptacle, 11 protective circuit breakers, and 10 output
receptacles.

The main input receptacle is the connection point for incoming
power. It is protected by a 100-amp, three-phase main circuit
breaker.

Each of the remaining ten circuit breakers protects an output
receptacle and is numbered to match each receptacle.

There are eight three-phase circuit breakers. Circuit breakers
3, 4, 5, and 6 are rated at 60 amps each; circuit breakers 7 and
8 are rated at 30 amps each; and circuit breakers 9 and 10 are
rated at 20 amps each.

There are two single-phase circuit breakers, numbered 11 and 12
which are rated at 20 amps each.

Two 120-volt interlock solenoids are connected before the main
circuit breaker and provide protection against electrocution.
When the input receptacle is energized, 120 volts are applied to
each solenoid, causing them to interlock with the access door
brackets, which in turn prevents the doors from being opened. A
0.5-amp fuse protects each solenoid. The input and output
receptacles are connected to an internal ground bus bar and
neutral bus bar. The phase indicator lights illuminate when the
main circuit breaker is closed and input power is present.
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The 100 kW distribution panel board assembly is shown in figure
3-25.

Fig 3-25. 100 kW panel board.

Similar to the 30 kW distribution panel board, the 100 kw
distribution panel board consists of a main input receptacle,
eleven circuit breakers, and ten output receptacles.

The main input receptacle is the connection point for incoming
power. It is protected by a 350-amp, three-phase main circuit
breaker.

The remaining ten circuit breakers are three-phase breakers; each
protects an output receptacle and is numbered to match that
receptacle.

Circuit breakers 3, 4, 5, and 6 are rated at 100 amps each;
circuit breakers 7 and 8 are rated at 60 amps each; circuit
breakers 9 and 10 are rated at 30 amps each; and circuit breakers
11 and 12 are rated at 20 amps each.

The 100 kW panel board also has two 120-volt interlock solenoids,
that provide protection against electrocution, and are protected
by a 0.5-amp fuse. The input and output receptacles are connected
to an internal ground bus bar and neutral bus bar. The phase
indicator lights illuminate when the main circuit breaker is
closed and input power is present.
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3203. Installation and Operation

To place the MEPDIS into operation, follow these steps:

1. Connect the generator power cable
to the input receptacle on the
first power distribution panel
board. Then, using the appropriate
cables, connect the additional
panel boards together.

2. Set the main circuit breaker
switches to the "ON" position.

3. For the panels that supply power
directly to loads, first connect
the load cables to the output
receptacles on the panels. Then,
connect the cables to the loads.

4. Set the output circuit breaker
switches to the "ON" position and
monitor the phase indicator lights
to verify that the unit is
functioning properly.

Note: To shut down the unit, reverse the steps and perform
the opposite of each operation.
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3204. Field Wiring Harness (FWE)

In lesson one, you identified the tools used to set up a
distribution system and the procedures for constructing a wiring
harness using the general illumination sets. Next, you
identified the components and selected the steps for setting up a
distribution system using the MEPDIS. Well, guess what? There
is also a field wiring harness that was developed to supplement
the MEPDIS. The field wiring harness is actually a set, so it
will be referred to as the "FWH set." The FWH set provides
electrical power distribution and illumination through receptacle
circuits/power outlets for various field unit complexes. The set
is portable and is suitable for both indoor and outdoor
environments. Its various cables, switches, receptacles, and
light sockets will enable you to meet the needs of the people and
installations you will be supporting.

The FWH set was designed to supply the electrical requirements
for one maintenance tent, two command post (CP) tents, and ten
medium general purpose (GP) tents. The entire set is packed in
13 duffel bags and comes with four boxes of light bulbs. Each
duffel bag contains enough wiring to supply a tent with proper
lighting.

The bags themselves are labeled either "GP tent," "CP tent," or
"Maintenance tent." So, of the thirteen bags, ten are used with
GP tents, two with CP tents, and one with the maintenance tent.

The FWH set is not only used with the MEPDIS, but is capable of
interfacing with the standard Department of Defense (DOD)
generators rated from 3 kW to 100 kW operating at 120 volts,
single-phase or 120/208 volt, three-phase at 50 or 60 hertz.

List the type of tent and the number of tents that can be
wired using one complete field wiring harness (FWH set).

TYPE QUANTITY

The complete FWH set will wire (1) maintenance, (2)
command post (CP), and (10) general purpose (GP) tents.

There are ten different types of cables that come in the set.
They can be assembled into harnesses of various configurations
and installed easily and rapidly.
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Cable 1 is a lead-in cable. The cable is 15 feet long with a
molded female connector on one end and a male connector with the
same pin configuration on the other end. The lead-in cable is
shown in figure 3-26.

Fig 3-26. Lead-in cable.

The lead-in cable provides power from the power distribution
panel to the components of the FWH set. The male connector
attaches directly to any output receptacle on the MEPDIS panel
assemblies.

Cable 2 is a 25-foot extension cable. This cable has a polarized
male connector on one end and a polarized female connector on the
other end. The extension cable is normally connected to the
lead-in cable extending from the power source (figure 3-27).

II 11 111

Fig 3-27. Extension cable.

These long extension cables enable lighting to be distributed to
several tents from one power source.

Cable 3 is an 8-foot extension cable. This cable looks the same
as cable 2 except that it is shorter. The 8-foot extension cable
provides power to various lighting or appliance receptacles over
short distances.
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Cable 4 is a wye connection cable. The wye cable consists of
three 2-foot lengths of cable spliced together within a
watertight mold. Two legs have female connectors and the third
leg has a male connector. The wye cable is shown in figure 3-28.

Fig 3-28. Wye connection cable.

The wye cable allows for multiple power distribution from one
power source and may be located at any position along the harness
to provide diversified power and illumination.

Cable 5 is a 6-foot switch cable. This cable has a male
connector on one end and a female connector on the other end with
a watertight molded switch enclosure located two feet from the
female connector (figure 3-29).

Fig 3-29. Switch cable.

The switch consists of a two-part, watertight assembly securely
fastened to the cable with four screws. It is an alternating
action (push-on, push-off) type switch rated at 120 VAC, 20 amps.

The switch cable is usually placed inside tents and is normally
connected in line between the power supply and the light cables.
The push-on, push-off switch allows direct control of lights or
other appliances.
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Cable 6 is an 8-foot light cable with a male connector on one end
and a female connector on the other. A lamp socket is molded to
the cable two feet from the female connector. (A brass grommet
embedded in the mold above the socket can be used to suspend this
assembly.) Once a light bulb is installed, this socket is
watertight. The light cable is shown in figure 3-30.

~a

Fig 3-30. Light cable.

The light cable is normally strung across the top of the tent to
provide illumination. Several lights may be connected in series
to provide a streamer of lights across a large tent. The light
cable may be used in indoor or outdoor environments.

Cable 7 is an 8-foot receptacle cable commonly called a spider
cable. There is a male connector on one end and a female
connector on the other end. Two additional 4 foot cables are
spliced into the main cable; these cables also have female
receptacles on their ends. The receptacle cable is shown in
figure 3-31.

Fig 3-31. Receptacle cable.
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The main cable branch provides a continued path for power to the
remaining FWH components while the two 4-foot arms provide power
to other electrical appliances such as coffee pots, typewriters,
etc. through the female receptacles.

Cable 8 is a 20-foot generator lead-in cable. This cable has a
molded female connector on one end. The other cable end exposes
the three conductors eight inches from the end (figure 3-32).

Fig 3-32. Generator lead-in cable.

The conductors are stripped, trimmed, and tinned 2 inches at the
ends.

The generator lead-in cable connects to any standard DOD
generator set rated from 3 kW to 100 kW operating at 120 VAC,
single-phase, or 120/208 VAC, three-phase.

Cable 9 is a 4-foot commercial power jumper cable. This cable
has a single, molded, parallel blade "U" ground male plug on one
end and a female connector on the other. The commercial power
jumper cable is shown in figure 3-33.

Fig 3-33. Commercial power jumper cable.

The commercial power jumper cable adapts/connects to a commercial
power supply. The molded male plug will connect to any standard
commercial wall or extension outlet. This allows power to be
supplied to the FWH from an existing building or house with power
receptacle outlets.
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Cable 10 is a 4-foot Army system conversion cable. This cable
has a molded female connector on one end. The other end has an
externally molded two-pole plug, with a 3-inch ground wire
extending from the mold at the base of the connector. The ground
wire ends with a crimped terminal. The Army system conversion
cable is shown in figure 3-34.

Fig 3-34. Army system conversion cable.

The Army system conversion cable adapts/connects to any of the
Army general illumination light sets, and either allows the FWH
to be operated from an Army power source, or allows the Army
light sets to be powered from the FWH power supply.

All male and female connectors on the cables of the FWH set are
polarized and rated at 20 amps. The cables are equipped with a
Velcro strap at each end plus one strap per each 4-foot section.
The Velcro straps are for attaching and/or securing each cable to
a ground base or to a rigid pole located within the tent.

The light bulbs provided with the FWH set are packaged in four
impact-resistant containers. The outer cover of each box is made
of duck olive green material and is held closed with velcro
straps for easy access. Each box has a hinged lid and individual
foam rubber compartments for storing 12 light bulbs when the FWH
set is not in use. This durable container protects the bulbs
from breakage during storage, transport, and field operations.

The four boxes should be used in conjunction with the cable
assemblies. Three boxes will normally provide enough lights for
the GP tents and one box contains enough lights for maintenance
and CP tents.

As stated earlier, the FWH set is stored in 13 nylon duffel bags.
Table 3-4 lists of the quantities of cables for the various
tents.

3-32



Table 3-4. Types and Quantities of Cables per Bag

CABLE GP TENT CP TENT MAINTENANCE TENT

Cable 1 1 1

Cable 2 1

Cable 3 1 1

Cable 4 1 2

Cable 5 1 1 2

Cable 6 3 2 6

Cable 7 1 1 6

Cable 8 1 1 1

Cable 9 1 1 1

Cable 10 1 1 1

Lesson Summary. This lesson provided you with the types of loads
that can be powered by the Mobile Electric Power Distribution
System (MEPDIS) including the kW power ratings for the panel
board assemblies. You also learned how to identify and assemble
the components of the MEPDIS and the Field Wiring Harness (FWH)
set. As you can see, the MEPDIS and the FWH set work together to
provide a highly reliable and mobile method of providing
electrical power in the field. The knowledge you have gained
here will greatly enhance your ability to design an electrical
power distribution system.

Exercise: Complete items 1 through 6 by performing the action
required. Check your responses against those listed
at the end of this study unit.

1. The MEPDIS is designed to provide a network for
connecting _ /_ volt, _ phase loads and volt,
____ phase loads.

2. The MEPDIS consists of 10 kW, 4 kW, and 2
kW power distribution panel board assemblies.
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3. Listed below are the steps for placing the MEPDIS
distribution panel board assemblies into operation.
Number the steps in the sequence in which they should be
performed.

Set the output circuit breaker switches to the "ON"
position.

Connect the generator power cable to the input
receptacle on the first power distribution panel
board. Then, using the appropriate cables, connect
the additional distribution panel boards together.

Monitor the phase indicator lights to verify that the
units are functioning properly.

Set main circuit breaker switches to the "ON"
position as appropriate.

For the distribution panels that supply power to the
loads, first connect the cables to the output
receptacles on the panels. Then, connect the cables
to the loads.

Matching: For items 4 through 6, match the type of tent in
column 1 to the number (quantity) of tents in column 2 that
can be wired using the complete field wiring harness (FWH)
set. Place your responses in the spaces provided.

Column 1 Column 2

Tent Ouantity

4. General Purpose Tent a. 1
5. Command Post Tent b. 2
6. Maintenance Tent c. 10

d. 20
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Lesson 3. ELECTRICAL DISTRIBUTION SYSTEM DESIGN

LEARNING OBJECTIVES:

1. List the four types of electrical distribution systems
used by military units.

2. Name the two types of electrical distribution system
layouts.

3. Select the most important factor to consider when
selecting a generator site.

4. Provided with a field scenario in which you are tasked to
provide electrical power, compute the connected and
demand loads for the area to be supplied.

5. Select the maximum percentage of difference allowed
between phases for a generator to have a properly
balanced load.

6. Select the maximum percentage of voltage drop allowed in
a distribution system.

7. Given a demand load, select the size of the generator
that is needed to supply the electrical power.

3301. Types of Distribution Systems

Remember that a distribution system exists to transfer
electricity from a source such as a generator to the loads
(heaters, motors, lights, etc.). A distribution system is
identified by the number of phases, the number of wires, and the
amount of voltage measured between wires.

The following four types of distribution systems are used by
military units:

* Single-phase, two-wire, 120 volts

* Single-phase, three-wire, 120/240 volts

* Three-phase, three-wire, 120 volts

* Three-phase, four-wire, 120/208, 240/416 volts

In a single-phase, two-wire distribution system, one of the two
wires from the generator set is connected to the neutral or
ground wire of the load, and the other wire is connected to the
live or hot wire of the load. Any single-phase, two-wire load
(such as a pigtail light socket) can be operated in this manner.
Most of the military generators that you will use produce the 120
volts needed. Figure 3-35 shows an example of a single-phase,
two-wire, 120-volt system.
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Fig 3-35. Single-phase, two wire, 120-volt system.

The single-phase, three-wire distribution system has one grounded
wire and two live wires. It is called a single-phase system
because there is no phase difference between the two live wires.
The voltage, when measured between either one of the live or hot
wires and the grounded wire, is normally 120 volts. The voltage,
when measured between the two live wires, is usually 240 volts.
Figure 3-36 shows an example of a single-phase, three-wire,
120/240-volt system.

no VI
p O 240V

- ~~~~~~~~~~~~120 VI I

Fig 3-36. Single-phase, three-wire, 120/240-volt system.

In a three-phase, three-wire, 120 volt system, all three wires
are live wires. Any three-phase, three-wire, 120-volt load can
be connected to this setup. However, this system requires the
kind of generator set designed to produce three-phase voltage
(and only produces one magnitude of voltage). As you can see
from figure 3-37, no matter which two wires you take your reading
from, you get the same voltage reading. (There is no way to
change the wiring configuration to receive different voltages.)
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Fig 3-37. Three-phase, three-wire 208-volt system.

A three-phase, four-wire system is the most versatile because it
can be designed to produce either single-phase or three-phase
voltages. It has a voltage conversion board which can switch
from low wye voltage to high wye voltage. For example, the
generator could be set up to produce 120 volts and 208 volts (low
wye), or it could be set up to produce 240 volts and 416 volts
(high wye). A 240/416 voltage connection is common on generators
that produce from 15 kW to 500 kW of electricity.

The following information will be useful for selecting the
appropriate distribution system for military field units:

a. The single-phase, two-wire, 120-volt system is used to supply
electricity for lights, portable tools, and most equipment
requiring low power.

b. The single-phase, three-wire, 120/240-volt system is used to
supply power directly to small loads such as the lights in a
barracks.

c. The three-phase, three-wire, 120-volt system is used to
supply power to loads in structures where the three-phase power
load is larger than a single-phase lighting load. The single-
phase lighting load in such a structure is supplied either from a
separate single-phase service or a step-down transformer.

d. The three-phase, four-wire, 120/208-240/416-volt system is
used to supply power to structures that require substantial
amounts of power and lighting such as shops and hospitals. This
system is more flexible than the other three systems.

Let's review the characteristics of the four types of
distribution systems used by military units:
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DISTRIBUTION
SYSTEM SIZE OF THE SYSTEM IT NORMALLY POWERS

Single-phase Electric system for lights, portable
Two-wire tools and most equipment requiring low
120-volt power

Single-phase Supplies power directly to small loads
Three-wire, (such as the lights in a barracks)
120/240-volt

Three-phase Supplies power to loads in structures
Three-wire where the three-phase power load is
120-volt larger than a single-phase lighting

load. (The single-phase lighting load
is either supplied from a separate
single-phase service or a step-down
transformer.)

Three-phase, Supplies power to structures that
Four-wire, require substantial amounts of power
120/208-240/416 like shops and hospitals. (This system
volt is more flexible than the other three

systems.)

Make sure you can remember and list these four types!

3302. Ring and Radial Distribution System Layouts

As a Marine electrician, you need to be familiar with two general
methods for arranging a distribution system. These arrangements
are nothing more than the way wires are laid out to various
facilities within the installation; they are known as the ring
layout and the radial layout.

a. Ring layout. In a ring layout, power is supplied to a
facility from more than one direction so that if you have a break
in the wire, such as at point "A," there will be no power loss in
the ring layout (figure 3-38).

A 

Fig 3-38. Ring layout.
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Current can still travel through the lower section of the ring to
supply power to the facilities which is a built-in safeguard
against the complete loss of power to all facilities. Faults in
the circuit can be isolated and repaired without a complete
disruption of power. Also, a ring layout will distribute power
with less voltage drop. The primary disadvantage of a ring
layout is that it requires more material and time to construct
than a radial layout. Also, the MEPDIS system cannot be utilized
with a ring layout.

b. Radial layout. The radial layout is one in which a feeder is
established through the approximate center of an installation and
then subfeeders run from the main feeder to the various
facilities to be served. A typical radial layout is shown in
figure 3-39.

BLDG BLDG BLDG

GEN B

Fig 3-39. Typical radial layout.

The primary disadvantage of the radial layout is that a break in
the wire will result in a complete loss of power to all
facilities located beyond the break. Figure 3-39 shows a break
in the wire at point "B" thus resulting in a complete loss of
power. The radial layout is more susceptible to extreme weather
conditions and sabotage but requires considerably less material,
time, and manpower to construct.

3303. Selecting the Generator Site

The location of the generator set affects the efficiency of the
distribution system. As you remember from study unit 2, the
individual demands for electrical power and the area to be
serviced govern generator site selection. The most important
factor to consider when selecting a site is how near the
generator is to the power demand. Also, generators should be
located near all-weather roads to facilitate servicing.
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Noise is another consideration. Since most generators produce
high noise levels, locate generator sets away from areas where
noise may be a problem or use revetments (protective facings of
stone, cement, or sand) to dampen the noise.

Do you remember some of the other factors to consider? I hope
so; but just to make sure, let's look at them again.

The site selected must be capable of supporting the weight of the
equipment and be clean, level, dry, well-ventilated, and it must
drain well. The generator set(s) must be kept level; never tilt
a set more than 15 degrees in any direction.

Take a look at the camp layout in figure 3-40.

A B

C D

Fig 3-40. Sample camp layout #1.

Notice,in the sample camp layout, that "Headquarters" has
a load twice that of a billeting tent, and "Sickbay" has a
load four times as great as a billeting tent. If you were
tasked to use a ring or radial layout to supply power to
the camp, where would you place the generator? Select
site "A," "B," "C," or "D" as the location for the
generator.

YOUR CHOICE

When you get right down to it, any of the choices might be
acceptable. You could place the generator in any of the
locations to effectively wire the camp. However, as in most
cases, there are some choices that are better than others. In
this case, "B" would probably have been the best choice to make.
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It's near the largest load, it's located near a road for access,
and it's far enough away that noise should not be a problem.

Site "A" is close to the largest loads and is also near a road,
but it could cause a noise problem by being too close to the
buildings.

Site "C" is close to the largest loads, but it is not accessible
from a road. If the ground were soft, it would be hard to refuel
the generators. The generator could also cause a noise problem.

Site "D" is a little too far away from a road to be a good site.
From this site, the main power runs (wiring) to the large loads
would be as far as "B." This site could be used if the ground
were hard enough to support refueling, but without more
information this choice would be hard to justify.

Once again, you could have chosen any of the sites or even picked
another one! These sites were chosen to illustrate the different
factors to consider when choosing a site.

Here are some other things to consider or questions to ask.
Should overhead lines or buried lines be used? Is the unit going
to be in the location for a long time? Is this a temporary site
that will require rapid installation and tear down? All of these
things will affect the choice of your site and the way you
prepare it.

But remember, the most important factor to consider when
selecting a generator site is

[ Did you remember what that most important factor is?
It's being near to the demand/or loads.

3304. Computing the Connected and Demand Load Requirements

First, what is the difference between these two kinds of load
requirements?

The connected load requirement is the maximum wattage and
amperage that would be required if everything in the circuit were
turned on at one time, whereas the demand load requirement is the
actual wattage and amperage required to service a typical load on
the circuit. You will use the demand load to select a generator
suited to powering the circuits.
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a. ComDuting the connected load. To properly design a field
unit's power distribution system, you need to closely estimate
the load requirements by computing the location and size of the
load.

Consider location first. Use the sample camp layout that follows
this page to locate each structure that requires electric
power. (The structures include "sickbay," "mess hall," etc., as
shown in figure 3-41).

After marking the layout (which now shows location of the loads)
you need to compute the size of the "connected" load (calculated
in the total watts and amperes of all electrical loads connected
to the distribution system).

The way to compute this is to determine the load for each
structure and then add all the loads together. Most of the watt
and ampere ratings are standard (such as the three lights and
receptacles in the billeting tents). Determining ratings for
other loads (such as for sickbay) might take some questioning on
your part because there might be extra items such as
refrigerators or motors that have to be considered.

Note: When you are computing the connected load, use 100
percent of their ratings in watts and amperes for
lights, outlets, and motors.

Let's first compute the connected load for the sample layout
together. Assume that tents 1 and 6 will be powered by a
separate generator for ease of wiring, so that only leaves tents
2, 3, 4, 5, and 7 to compute.

Consider that tents 2, 4, and 5 each have four 60-watt lights and
one 20-amp receptacle.

After contacting headquarters and sickbay, you find out that tent
3 requires six 60-watt lights and four 20-amp receptacles. Tent
7 has four 60-watt lights and four receptacles. Sickbay needs
four 60-watt lights, four 20-amp receptacles and one 1,200-watt
motor (single-phase, 120-volts).

With this information, using the formulas you learned in study
unit 1, you can now compute the connected load in both total
watts and total current.

You would estimate load size first. When computing the load
requirements, it's a good idea to record a running total of the
current and wattage requirements for each tent in the margin of
the map. That way you can mentally compute or estimate at a
glance what the connected and demand loads are for each separate
tent or facility as well as the total connected load.

The basic formulas you will use are P = E x I for computing total
wattage and I = P/E for computing total current where:
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"P" is the symbol for "power" which is measured in watts

"E" is the symbol for "electromotive force" (or voltage)
which is measured in volts

"I" is the symbol for "intensity" (of current) and is
measured in amps

First, find the total wattage for these tents. For tents of type
2, 4, and 5,

r the (4) 60-watt lights equal 240 watts per tent.

Using the power formula, P = E x I, the wattage for the
receptacle would be

P = 120V x 20A = 2,400 watts.

So the total wattage for each tent is 2,400 (receptacle) + 240
(lights) or 2,640 watts per tent.

RECEPTACLE TOTAL
STRUCTURE WATTAGE OF LIGHTS TOTAL LIGHTS WATTAGE WATTAGE

Tent 2 (4) 60-watt lights 240 watts 2,400 2,640
Tent 4 (4) 60-watt lights 240 watts 2,400 2,640
Tent 5 (4) 60-watt lights 240 watts 2,400 2,640

The total number of tents like 2, 4, and 5 is ten tents (with a
wattage of 2,640 watts per tent). Connected wattage for the ten
tents is:

I10 x 2,640 = 26,400 watts

Tent 3 has six 60-watt lights for 360 watts. Tent 3 also has
four receptacles; since you already found out a receptacle is
2,400 watts, that works out to

14 x 2,400 = 9,600 watts for the "tent 3" receptacles.

Adding "tent 3" lights and receptacles together equals 9,960
watts.

Tent 7 uses only (4) 60-watt lights, totaling 240 watts, and (4)
receptacles (using 2,400 watts each) with a total of 4 x 2,400 =
9,600 watts. The motor is rated at 1,200 watts, so the total for
tent 7 is

240
9,600

+ 1,200
11,040 watts
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Next, add to find the total connected wattage for all the tents:

26,400 (for the ten tents)
9,960 (for tent 3)

+ 11.040 (for tent 7)
47,400 watts

Now, having found the total connected load, you can use the
following version of the power formula to find the connected
current:

I = P/E

For tents 2, 4, and 5, the current rating for each tent would be
computed this way:

I = 2,640/120
= 22 amps

For all ten tents this would be 22 x 10 or 220 amps!

For tent 3 the rating would be:

I = 9,960/120
= 83 amps

For tent 7 the rating would be:

I = 11,040/120
= 92 amps

+ 2.5 amps (for the motor power factor)
= 94.5 amps

The total connected amperage for all tents is

220
83
94.5
397.5 amps

So the total connected load for this layout is 47,400 watts and
397.5 amps. This is the maximum that would be needed if
everything were turned on at one time (although it is very rare
that the entire camp will have everything operating at the same
time). What you must do now is compute the actual demand load.

b. Computincg the "demand" load. The demand load is the actual
demand of wattage and amperage to service a given load.
(Remember, it is the demand load that you will use to select a
generator!)

The demand load is equal to the connected load times the demand
factor. The demand factor is a percentage of the connected load
that is estimated to be in use at any given time. When computing
the demand load, you should use the following percentages:
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LOAD DEMAND FACTOR (PERCENTAGE)

Lights 100 percent of the connected load

Lights and receptacles 15 percent of the outlet watts and
amps and

100 percent of lights' watts and amps

Motors 100 percent of the connected load

Using the same sample layout, add the wattage of all the lights
together.

STRUCTURE TOTAL LIGHT WATTAGE

Ten tents each using four 60-watt lights = 2,400 watts
like tent 2

tent 3 six 60-watt lights = 360 watts

tent 7 four 60-watt lights = 240 watts

TOTAL FOR ALL LIGHTS = 3,000 watts

Remember that you could also compute this per tent and keep a
running total as you compute each area. You will actually do
this a little later in the lesson. Use the same sample layout,
compute the receptacles, and add the total wattage of all the
lights and receptacles together.

Receptacles are 15 percent of the connected load. There are ten
receptacles in the ten tents plus four in tent 3 and four more in
tent 7 giving you a total of 18 receptacles. Since there are
2,400 watts per receptacle

2,400 x 18 = 43,200 watts.

But, you only need 15 percent of that total so you multiply:

43,200 x .15 = 6,480 watts.

The motor is 100 percent of the connected load, so the motor's
watts stay the same, 1,200 watts.

Now, add all three totals together:

LIGHTS 3,000
RECEPTACLES 6,480

MOTOR + 1.200
TOTAL DEMAND LOAD 10,680 watts
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Since a kilowatt is equal to one thousand watts, 10,680 watts
equals 10.68 kW which you round up to 11 kW. Your demand load
for those tents is 11 kW. That's a lot different from the 47.4
kW that you computed for the connected load!

To compute the demand current, the values stay the same for
lights and motors. You need only recalculate the values for the
receptacles.

Since a receptacle is rated at 20 amps, and you want 15% of that,
you multiply

20 x .15 = 3 amps per receptacle.

There were 18 receptacles, so to find the total demand current
for the receptacles, multiply

18 x 3 amps = 54 amps (receptacle demand current).

Remembering there were ten tents with four lights each, equaling
40 lights, plus tent 3 had six and tent 7 had four for a total of
fifty 60-watt lights:

50 x 60 = 3,000 watts

3,000 watts divided by 120 volts equals 25 amps.
(lights demand load)

(Hint: a 60-watt light equals .5 amps.)

Do you remember the amperage for the motor? Well, it was rated
at 1,200 watts.

Note: Some motors may not have a wattage rating on the data
plate, but the plate should provide enough
information to compute the rating.

The load conversion table for motors (table 3-5) shown on the
next page gives you helpful formulas for computing the different
values of a motor.
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Table 3-5. Load Conversion Table for Motors

DIRECT ALTERNATING CURRENT
TO FIND CURRENT

SINGLE-PHASE THREE-PHASE

Amperes when horsepower HP x 746 HP x 764 HP x 746
is known E x Eff E x Eff x PF 1.73 x E x Eff x PF

Amperes when kilowatts kW x 1000 kw x 1000 kW x 1000
are known E Ex PF 1.73 x E x PF

Amperes when kiLovolt- kVA x 1000 kVA x 1000
amps are known E 1.73 x E

KiLowatts when amperes I x E I X E x PF I x E x 1.73 x PF
are known 1000 1000 1000

Kilowatts when horse- HP x 746 HP x 746 HP x 746
power is known 1000 x Eff 1000 x Eff 1000 x Eff

KiLovoLt-amps when I x E I x E x 1.73
amperes are known 1000 1000

KiLovolt-amps when HP x 746 HP x 746
horsepower is known 1000 x Eff x PF 1000 x Eff x PF

Horsepower output when I x E x Eff I x E x Eff x PF I x E x 1.73 x Eff x PF
amperes are known 746 746 746

Load power factor when HP x 746 HP x 746
rated horsepower and 1000 x kVA x Eff 1000 x kVA x Eff
kilovolt-amps are known

Now, simply add all three currents (lights, receptacles, and
motors) together to get demand load current.

25
54

+ 12.5
91.5 amps total demand current

A demand of 91.5 amps is a lot less than 397.5 amps connected,
isn't it?

Now that you know the total demand current and wattage for the
whole camp, you need to balance the load. But, before you move
on to actually balancing it, let's go back and compute the demand
load for each individual tent. We can do this easily by using
the information that we used for computing the total loads.

The following are the demand loads for the different tents.

Tents 2, 4, and 5. All ten tents have the same electrical
components so each one will have the same demand load.

Four 60-watt lights = 240 watts
wed outlet receptacle = 2,400 watts X 15% = 360 watts
Total demand wattage = 240 + 360 = 600 watts
Total demand current (I = P/E) = 600/120 = 5 amps
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Tent 3.

Six 60-watt lights = 360 watts
Four outlet receptacles = 4 X 2400 X 15% = 1,440 watts
Total demand wattage = 360 + 1440 = 1,800 watts
Total demand current = 1,800/120 = 15 amps

Tent 7.

Four 60-watt lights = 240 watts
Four outlet receptacles = 4 X 2,400 X 15% = 1,440 watts
One 1,200-watt motor = 1,200 watts
Total demand wattage = 240 + 1,440 + 1,200 = 2,880 watts
Total demand current = 2,880/120 = 24 amps (add 2.5 amps for

the motor power factor and the total is 26.5 amps.)

Note: These totals are already recorded on sample camp
layout #2.

3305. Balancing the Load

After you have computed the load, it must be balanced to prevent
damage to the generator. Balancing ensures that there is the
same, or as close to the same as possible, current and wattage
load on the three different phases of the generator. If one
phase had a lot more of a load on it than the other two, the
generator could become unbalanced and its windings could be
damaged.

To balance the load, you total all single-phase power and then
divide by three. (In sample layout #2, all of the load is
single-phase, so our work is simplified). In the example, the
demand load was 10,680 watts (10.68 kW) and 91.5 amps. Dividing
both of these by 3 works out to 3,560 watts and 30.5 amps per
phase.

If the example had three-phase loads, the next step would be to
add them in. Since three-phase loads equal themselves out over
all three phases, you would have simply added the current and
wattage to your single-phase total. (Three-phase loads are not
divided by 3 since the same current and wattage is being used
over all three phases.)

Now, back to the problem at hand. Our total was 3560 watts and
30.5 amps per phase. Now comes the juggling act!

It is almost impossible to exactly balance all three phases but
try to get as close as possible. The easiest way to balance the
load is by balancing the total watts and amps per tent. (You
don't want to split up a tent and run some lights on one phase
and the other lights on another phase. This could be done, but
it would require a second run of wire to the tent, which would
really be a waste of time and material!)
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Now you can see why you should record the watts and current for
each tent on your map. Just by looking at the map you can start
combining tents on each phase to balance the load. You must try
to balance the phases as closely as possible. The loads on each
phase must be within 10% of each other to ensure the generator
functions properly.

Look at the layout and see how well you can balance the load.
Circle and label the areas you would put in each phase and
then compute the wattage and amperage of each phase on the
layout.

PHASE ONE LOAD watts amps

PHASE TWO LOAD watts amps

PHASE THREE LOAD watts amps

There are many solutions to the above example. The key is
to look at the total. Are the total watts and amps in each
phase balanced to at least 10% of each other? Did you try
to keep the phases located in one area, or are you running a
phase all over the camp? You should try to run one phase to
one area.

With a little practice, calculating loads and balancing phases
will become almost second nature to you. Figure 3-41 shows one
possible solution. As you look at the figure, keep in mind that
just because your example may be different, that doesn't make it
wrong. The solution in the figure was offered because of
simplicity and balance. If your phases were balanced within 10%
and you feel the wiring would be just as easy to run as the one
in the example, then your solution is equally correct!

Figure 3-41 shows the phases in a cluster for easy wiring with a
balance as follows:

Phase one load 3600 watts 30 amps
Phase two load 3600 watts 30 amps
Phase three load 3480 watts 31 amps
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Fig 3-41. Camp wiring solution.
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3306. Voltage Drop

Now that you have determined the loads, the next thing to do is
select your wire. Unfortunately, it is not easy to pick the
right wire to handle the size of the load since there is another
load factor to consider--the wire itself. The voltage being
produced by the generator and the voltage being applied to the
load will be affected by the resistance of the wire. This effect
on the voltage is called "voltage drop" or "line loss."

The maximum voltage drop in the distribution system should be no
more than 8%, and the maximum voltage drop in the structures
(tents) should be no more than 2%. Most equipment is designed to
operate within plus or minus 10% of its rated voltage.
Fortunately, there is an easy way to determine voltage drop.

Voltage drop (E) equals current (I) on the line times the line
resistance (R), or E = I X R.

Table 3-6 gives you the different wire sizes and their
resistances per 1,000 ft.

Table 3-6. Resistance of Different Size Wires

RESISTANCE OF RESISTANCE OF
PURE COPPER IN PURE COPPER IN

GAUGE DIAMETER AREA IN OHMS AT 68°F GAUGE DIAMETER AREA IN OHMS AT 68°F
NO. IN MILS CIRCULAR NO. IN MILS CIRCULAR

MILS OHMS PER MILS OHMS PER
1000 FT. 1000 FT.

0000 460.0 211600 0.04901 21 28.46 810.1 12.80
000 409.6 167800 0.06180 22 25.35 642.6 16.14
00 364.8 133100 0.07793 23 22.57 509.5 20.36
0 324.9 105500 0.09827 24 20.10 404.0 25.67

25 17.90 320.4 32.37
1 289.3 83690 0.1239
2 257.6 66370 0.1563 26 15.94 254.1 40.81
3 229.4 52640 0.1970 27 14.20 201.5 51.47
4 204.3 41740 0.2485 28 12.64 159.8 64.90
5 181.9 33100 0.3133 29 11.26 126.7 81.83

30 10.03 100.5 103.20
6 162.0 26250 0.3951
7 144.3 20820 0.4982 31 8.928 79.70 130.1
8 128.5 16510 0.6282 32 7.950 63.21 164.1
9 114.4 13090 0.7921 33 7.080 50.13 206.9
10 101.9 10380 0.9989 34 6.305 39.75 260.9

35 5.615 31.52 329.0
11 90.74 8234 1.260
12 80.81 6530 1.588 36 5.000 25.00 414.8
13 71.96 5178 2.003 37 4.453 19.83 523.1
14 64.08 4107 2.525 38 3.965 15.72 659.6
15 57.07 3257 3.184 39 3.531 12.47 831.8

40 3.145 9.89 1049.0
16 50.82 2583 4.016
17 45.26 2048 5.064
18 40.30 1624 6.385
19 35.89 1288 8.051
20 31.96 1022 10.150
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Let's take it one step at a time and figure out what size wires
you will need for the distribution system in the example layout.
The first thing to compute is the size wire for the main feeder.
This is the wire that goes from the generator to the bus bar and
carries the total current per phase for the entire camp. First,
find the phase with the highest amperage draw. For this layout,
you already know that it is approximately 30 amps per phase.
Looking at table 3-7, you can see that you will need at least
size AWG #10 copper wire.

Table 3-7. Current Carrying Capacities of
Copper Wire

AWG Gauge Allowable Amperage

14 25
12 30
10 40
8 60
6 80
4 105
2 140
0 195
00 225
000 260
0000 300

Next, figure out the length of the main run. A normal run
between the generator and the bus bar is about 50 feet so that is
what you can use for this layout.

If you look up the resistance of AWG #10, you find out that it is
.9989 ohms per 1000 feet. For ease of computing, round that to
1.0 ohm. Next, use the following formula to determine the amount
of line resistance:

Line resistance = ohms per 1.000 ft x distance x 2
1,000

Line resistance = 1 x 50 x 2
1, 000

Line resistance = 100
1,000

Line resistance = .1 ohm

Since you know that the line resistance from the generator to the
bus bar is .1 ohm, you now need to compute the voltage drop.
Remember, voltage drop equals the current on line times line
resistance. You know that the approximate current rating is 30
amps and the line resistance is .1 ohm. So, your voltage drop
will be E = 30 X .1 or 3 volts for the main run.
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Next, you measure the length of the feeder lines from the bus bar
to the tents; this is usually an estimated number because it is
hard to figure out exactly how much slack or sag you will have in
your lines. For your example layout, you can safely assume that
each run will be less than 175 feet.

You can now use the line resistance formula to compute the
resistance of the feeder lines. Let's use the formula and work
it out.

Line resistance = 1 x 175 x 2
1,000

Line resistance = 350
1,000

Line resistance = .35 ohms

Voltage drop = 30 amps x .35 ohms

Voltage drop = 10.5 volts

With voltage drops of 10.5 volts on the feeders and 3 volts on
the main run, you have a total voltage drop of 13.5 volts. This
is over the 8% allowable range (8% of 120 is 9.6). The best way
to correct the problem is go to a larger wire. The next size
available is AWG #8.

What would the voltage drop be with AWG #8 wire? Use table
3-5 and the formulas above to figure it out.

I hope you said 8.1 volts.

Let's see how to get that answer. AWG #8 has a resistance of
.6282 ohms per 1000 feet. Again, for ease of computing, we'll
round that to .63 ohms. Next, we'll use the formula to determine
the amount of line resistance from the generator to the bus bar.

Line resistance = ohms per 1.000 ft x distance x 2
1,000

Line resistance = .63 x 50 x 2 = .063 ohms
1,000

Again, the approximate current is 30 amps, but this time, with a
line resistance of .063 ohms, our voltage drop will be
E = 30 X .063 or 1.89 volts.
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This time, the line resistance on the feeder lines is:

Line resistance = .63 X 175 x 2 = .22 ohms
1,000

The voltage drop is 30 amps x .22 ohms giving us 6.6 volts.

The total voltage drop is 1.89 + 6.6 volts or 8.49 volts. So,
for this example layout, the best wire to choose is AWG #8. The
total voltage drop of 8.49 volts is within the 8% allowable
range. This wire will even carry a small amount of extra
amperage allowing you to plan for a little larger power draw to
cover possible expansion in the future. In addition, the AWG #8
is supplied with your light set so it is readily available.

Once you have computed the voltage drop for the distribution
system, you need to compute the voltage drop in the structures.

Remember, you are allowed only a 2% voltage drop in the
structures. The first thing to do is to examine the layout and
choose the structure which has the largest current draw. Since
the wire size and length of runs are all the same on the
harnesses, if the structure with the largest current draw is
within the 2% allowable range, then all the structures will be
within that range.

In the example, the structure with the largest draw is sickbay.
Remember, it has a current draw of 26.5 amps which is very near
the current capacity of AWG #12 Romex. This should tell you that
you will need to run two harnesses--one for the lights and
receptacles (14 amps), and one for the motor (12.5 amps). That
leaves headquarters with a current draw of 15 amps as the largest
single draw.

You can find the voltage drop the same way you did for the
distribution system. Use the resistance value 1.588 ohms for AWG
#12 and 37 feet for the length of wire.

Line resistance = 1.588 x 37 x 2
1, 000

Line resistance = .118 ohms

Voltage drop = .118 ohms x 15 amps

Voltage drop = 1.77 volts

This is within the 2% allowable range for structures. If you
have been adding the voltage drops together, you should notice
that the combined voltage drop is approximately 10.26 (or 10.3
volts rounded off). Taking a reading inside the headquarters
tent will indicate a voltage of between 109 and 110 volts.

So, now it's easy to see that the length and size of wire is
important and must be considered before determining the size of
generator needed to support the distribution system.
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3307. Determining Generator size

You have balanced the camp, determined the loads, and selected
the wire for the camp. Now, you need to find out what size
generator you are going to use to power the camp.

There are five factors to consider when you select a generator:

* Electrical loads to be supplied

* Kilowatt rating requirements

* Operating voltages required

* Number of phases to be used

* Frequency requirements

These five factors will help you determine the proper generator
to use to power your camp. In addition, the availability of fuel
and mechanics and time in the field will also have an impact on
your operation and must also be taken into account when you plan
for support. When choosing a generator, you should also plan for
expansion. A good rule of thumb is to figure on a 20% increase
for additional load requirements.

Using Table 2-2 on page 2-9 of study unit 2 and the power
requirements for the camp, select the size generator you
would use.

Generator selected

Well, let's see how well you did.

Did you consider the factors that should influence your decision?

Types of loads: You have lights, receptacles, and single
phase motors.

Kilowatts (Power): The camp demand load is 10,680 watts. With a
20% increase, this is 12,816 watts or 12.816
kilowatts. We would round this off to 13
kilowatts.

Voltage: 120 volts AC.

Number of phases: Single phase is needed, but you will be using
all three phases of a three-phase generator
for balance and to lower the kilowatt and
amperage draw on the lines.

Frequency: 60 Hz
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This means you need a generator capable of supplying three-phase
120 volts 60 Hz that has an output of at least 12.816 kilowatts.

If you look at table 2-2 on page 2-9 of study unit 2, you'll see
that a MEP 003A is rated at only 10 kW. The next size generator
that the Marine Corps uses is a 30 kW MEP 005A.

Even though the 30 kW is a much larger generator then you need,
it is the smallest one that will meet your needs.

Lesson Summary. Remember when designing an electrical
distribution system, you must first check where the demands are
so you can position the generator near them and compute the
loads. In this lesson, you learned the four types of electrical
distribution systems the military uses and the two types of
system layouts. You also learned how to compute connected and
demand loads, how to balance a generator (considering maximum
percentage of difference a generator is allowed between phases)
and the maximum percentage voltage drop allowed in a distribution
system. Now you can see that planning an electrical distribution
system is very important and that it takes a great deal of work!

Exercise: Complete items 1 through 10 by performing the action
required. Check your responses against those listed
at the end of this study unit.

1. List the four types of electrical distribution systems.

a.

b.

c.

d.

2. The two types of electrical distribution system layouts
are

3. The most important factor to consider when selecting a
generator site is how near it is to

a. water sources. c. all-weather roads.
b. power demands. d. a re-fuel area.

Items 4 through 7 refer to the situation that follows. Read the
situation carefully, then answer the items.
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Situation: You have been given the task of supplying power
to a maintenance tent that is being used as a briefing room.
You will provide 120 volt, single-phase power. The
maintenance tent will consist of fourteen 60-watt light bulbs
and six receptacles rated at 20 amps each.

4. What is the wattage of the connected load?

watts

5. What is the amperage of the connected load?

amps

6. What is the wattage of the demand load?

watt

7. What is the amperage of the demand load?

amps

8. What is the maximum percentage of difference allowed
between phases for the generator to have a properly
balanced load?

a. 5% c. 10%
b. 8% d. 20%

9. What is the maximum percentage of voltage drop allowed in
a distribution system?

a. 5% c. 10%
b. 8% d. 20%

10. What size generator would you choose for a demand load of
29 kW at 60 Hz? Use table 2-2 on page 2-9 of study unit
2.

a. MEP 005A c. MEP 114A
b. MEP 006A d. MEP 115A

UNIT SUMMARY

This study unit provided you with the skills to identify, select,
and install an electrical distribution system. You identified
components of the different kits and sets that you will work with
and the procedure for constructing a bus bar and wiring harness
using these kits. You were shown how to use the MEPDIS system
and the field wiring harness set. You studied the different
types of distribution systems, the two types of layouts, and what
to consider when selecting a generator site. You finished off
the study unit by completing a situation in which you computed
load and wire requirements, balanced the load, and then selected
the appropriate generator to support the requirements. GOOD JOB!
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Lesson 1 Exercise Solutions

Reference

1. Lineman's Tool Kit 3101
2. e. 3102
3. c. 3102
4. a. 3102
5. d. 3102
6. b. 3102
7. c. 3102
8. b. 3101
9. a. 3103
10. a. 3103
11. b. 3101
12. c. 3102
13. B is 6 feet minimum 3104

C is 3 feet minimum
14. a. 37 ft AWG #12/2 Romex with ground 3105

c. (1) on/off switch
d. (3) pigtail lamp holders
f. (1) duplex receptacle

Lesson 2 Exercise Solutions
Reference

1. 120/208V, three-phase (and) 120V single- 3201
phase loads

2. 15, 30, and 100 3201
3. 4 3203

1
5
2
3

4. c. 3204
5. b. 3204
6. a. 3204

Lesson 3 Exercise Solutions
Reference

1. a. Single-phase, two-wire, 120 volts 3301
b. Single-phase, three-wire, 120/240

volts
c. Three-phase, three-wire, 120 volts
d. Three-phase, four-wire, 120/208,

240/416 volts
2. ring and radial. 3302
3. b. 3303
4. 15,240 3304
5. 127 3304
6. 3,000 3304
7. 25 3304
8. C. 3305
9. b. 3306
10. b. 3307
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MARINE ELECTRICIAN

REVIEW LESSON EXAMINATION

INSTRUCTIONS: This review lesson is designed to aid you in
preparing for your final examination. You should try to complete
this lesson without the aid of reference materials, but if you do
not know an answer, look it up and remember what it is. The
enclosed answer sheet must be filled out according to the
instructions on its reverse side and mailed to MCI using the
envelope provided. The items you miss will be listed with
references on a feedback sheet (MCI R-69) which will be mailed to
your commanding officer with your final examination. You should
study the reference material for the items you missed before
taking the final examination.

Select the ONE answer which BEST completes the statement or
answers the item. After the corresponding number on the answer
sheet, blacken the appropriate circle.

1. What are the three components of an atom?

a. Protons, neutrons, and electrons
b. Nucleus, hydrogen, and helium
c. Voltage, current, and resistance
d. Protons, neutrons, and voltage

2. Current that flows in one direction only is called

a. electrical current. c. alternating current.
b. resistive current. d. direct current.

3. What is the pressure that causes electrons to move through a
conductor?

a. Current c. Voltage
b. Resistance d. Power

4. What are the four effects of current?

a. Current, resistance, voltage, and power
b. Current, energy, voltage, and power
c. Heat, magnetism, chemical action, and physical shock
d. Current, temperature, voltage, and physical shock

5. The opposition of a body or substance to the passage of a
steady electrical current through it is called

a. current. c. voltage.
b. resistance. d. power.
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6. Materials that have a high resistance to current flow are
called and materials that have a low resistance
to current flow are called

a. insulators--conductors
b. conductors--insulators
c. wood--metal
d. protons--neutrons

Matching: For items 7 through 11, match the type of
electrical component in column 1 to its schematic symbol in
column 2. Place your responses in the spaces provided.

Column 1 Column 2

Electrical Component Schematic Symbol

7. Incandescent lamp
8. Switch A
9. Rheostat
10. Battery B.
11. Ammeter

C.

D._____

12. What are the names of the three basic schematic symbols
found in a flashlight?

a. Fuse, switch, and cell
b. Lamp, switch, and battery
c. Case, switch, and battery
d. Lamp, battery, and case

13. What formula do you use to find the values of voltage,
current, and resistance in a basic electrical circuit?

a. Ohm's law c. Law of magnetism
b. Newton's law d. Law of power

14. Given a situation where you have an applied voltage of 40
volts and a resistance of 5 ohms, what would your current
flow be?

a. 8 amps c. 200 amps
b. 40 amps d. 320 amps
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15. What is the formula for finding power?

a. Voltage times resistance
b. Current times resistance
c. Voltage times current
d. Voltage plus current

16. Given a situation where you have a current flow of 6 amps
and an applied voltage of 220 volts, what would the wattage
be?

a. 36.6 watts c. 1280 watts
b. 220 watts d. 1320 watts

17. Total resistance is the sum of all the resistances, current
flow is the same throughout the circuit, and voltage divides
among resistances as it is needed are rules for what type of
circuit?

a. Alternating current c. Parallel
b. Direct current d. Series

18. Voltage remains the same, total current is equal to the sum
of all current flows, and total resistance is equal to the
voltage divided by the total current and is always less than
the smallest resistance are rules for what type of circuit?

a. Alternating current c. Parallel
b. Direct current d. Series

19. If you have a parallel circuit, what methods do you apply to
find the resistance of a circuit with multiple resistors of
unequal value?

a. Power--voltage c. Reciprocal--product over sum
b. Ohms--power d. Total--value
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Item 20 refers to the following schematic drawing.

S
OHMS

20
OHMS

10
26 V OHMS

20
OHMS

20. In the schematic shown above, what is the total resistance?

a. 2 ohms c. 13 ohms
b. 7 ohms d. 55 ohms

21. When applying the left hand thumb rule, your curled fingers
represent the direction of the

a. conductor. c. lines of force.
b. current flow. d. generating source.

22. When a conductor is wound into a loop, the magnetic field

a. strength increases. c. remains unchanged.
b. strength decreases. d. reverses direction.

23. What is the definition of alternating current?

a. An electrical current that flows only in one direction
in a circuit

b. An electrical current that regularly changes direction
in a circuit

c. The property of a conductor which opposes any change in
the value of current flowing through it

d. The property which opposes any change in voltage
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Matching: For items 24 through 26, match the alternating
current sine wave term in column 1 to its definition in
column 2. After the corresponding item number on the answer
sheet, blacken the appropriate circle.

Column 1 Column 2

Term Definition

24. Cycle a. The number of cycles per
25. Alternation second of an alternating
26. Frequency current.

b. The completion of two
alternations.

c. One half of a sine wave
either positive or negative.

d. A straight line drawn on a
scale representing units of
force.

27. Given a peak value of 120 volts, what is the peak-to-peak
value?

a. 240 volts c. 84.84 volts
b. 169.68 volts d. 76.32 volts

28. Given a peak value of 120 volts, what is the average value?

a. 240 volts c. 84.84 volts
b. 169.68 volts d. 76.32 volts

29. Given a peak value of 120 volts, what is the effective
value?

a. 240 volts c. 84.84 volts
b. 169.68 volts d. 76.32 volts

30. The property of a conductor that opposes any change in the
value of the current flowing through it is called

a. capacitance. c. impedance.
b. inductance. d. resistance.

31. The property of an electric nonconductor that permits the
storage of energy is called

a. capacitance. c. impedance.
b. inductance. d. resistance.
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32. What are the three legs of the impedance triangle?

a. Reactance, resistance, and impedance.
b. Reactance, impedance, and capacitance.
c. Reactance, inductance, and impedance.
d. Impedance, capacitance, and inductance.

33. What formula is used to find the power factor?

a. Power factor = out of phase power plus in phase power.
b. Power factor = effective power plus true power.
c. Power factor = true power divided by apparent power.
d. Power factor = apparent power divided by true power.

34. The three essential parts of a transformer are the primary
windings, the secondary windings, and the

a. core. c. conductor.
b. insulator. d. taps.

35. If 100 volts are placed across the primary windings of a
transformer that has a turns ratio of 4:1, what is the
voltage across the secondary windings?

a. 20 volts c. 200 volts
b. 25 volts d. 400 volts

36. How much voltage must be applied to the primary windings of
a transformer with a turns ratio of 6:5 to get loo volts
across the secondary windings?

a. 600 volts c. 60 volts
b. 120 volts d. 12 volts

37. The four factors to consider when selecting a generator site
are individual demands, service requirements, weight and
size of equipment, and

a. mission. c. enemy location.
b. noise. d. overhead cover.

38. When positioning a generator, you must select a site that
will keep the generator level within how many degrees?

a. 5 c. 15
b. 10 d. 20

39. Auxiliary fuel supplies must be positioned within feet
of the generator.

a. 25 c. 75
b. 50 d. 100
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40. You need to ground a generator or other equipment. What is
the preferred grounding device?

a. Ground pipe c. Ground rod
b. Ground plate d. Wire rope

41. You need to ground a generator or other equipment. What is
the most common device used to connect to that equipment?

a. Ground pipe c. Ground rod
b. Ground plate d. Wire rope

42. Which soil type has a good grounding quality?

a. Fine c. Mixed
b. Clay d. Gravel

43. Which soil type has a poor grounding quality?

a. Clay c. Mixed
b. Gravel d. Fine

44. What is the common, everyday substance that, when mixed with
water, will improve the grounding quality of dry, loosely
packed soil?

a. Sugar c. Table salt
b. Dry ice d. Baking soda

45. Which generator set is suitable for meeting the electrical
needs (7 kW) of a small maintenance shop or similar
activity?

a. MEP-003A c. MEP-007B
b. MEP-006A d. MEP-016A

46. Which model generator is suitable for providing enough power
to supply several different loads at the same time over a
large area?

a. MEP-006A c. MEP-016B
b. MEP-012A d. MEP-021B

47. What is the purpose of the reconnection board?

a. It is used to configure the generator for an output of
120/208 volts or 240/416 volts.

b. It provides a connection for the main load cables.

c. It provides a connection for the slave cable when the
batteries don't have enough power to start the
generator.

d. It provides a connection for the auxiliary fuel line so
that the unit can run off of an auxiliary fuel supply.
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48. The left side of the generator control panel contains the
gauges that monitor the operation.

a. generator c. engine
b. load d. bus bar

49. The engine primer switch is used to

a. pump fuel to the fuel filter.
b. activate an ether starting aid.
c. provide power to the control panel.
d. remove air from fuel lines.

50. The generator operation switch is used to switch from

a. single to parallel operation.
b. local to remote operation.
c. high to low wye.
d. 60 to 400 cycles.

51. What are the three types of operational checks that the
operator must perform on a generator?

a. Engine, generator, and dummy load
b. Before, during, and after
c. Hourly, daily, and weekly
d. Quarterly, semi-annual, and annual

52. Which is the correct step sequence used when starting a
MEP-006A generator?

a. Crank engine, reset fault indicator lights, adjust
frequency, close A/C circuit breaker

b. Crank engine, close A/C circuit breaker, reset fault
indicator lights, adjust frequency

c. Crank engine, adjust frequency, reset fault indicator
lights, close A/C circuit breaker

d. Close A/C circuit breaker, crank engine, reset fault
indicator lights, adjust frequency

53. The most important thing to do before attempting to stop a
generator is to

a. disconnect the load.
b. allow the engine to cool down.
c. pull out the DC breaker.
d. reset the fault lights.
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54. The dummy load is designed to test
generator sets.

a. 60 Hz and 400 Hz c. medium and large size
b. repaired and rebuilt d. Marine Corps and Army

55. Where is the dummy load voltage selector switch located?

a. Top right side of the control panel
b. Top left side of the control panel
c. Bottom section of the control panel
d. Inside on the terminal board

56. After choosing the location and grounding the dummy load,
what is the next step in the set up procedure?

a. Connect the generator
b. Ground the dummy load
c. Set the voltage selector
d. Start the generator

57. After removing the load, how many minutes should you allow
the dummy load cooling fan to run before shutting it off?

a. 2 to 5 c. 10 to 15
b. 6 to 9 d. 15 to 20

58. When selecting generators to parallel, it's important to
remember that generators may be paralleled.

a. all MEP c. only identical
b. all air cooled d. only diesel

59. Which method is used to parallel precise units?

a. External c. Internal
b. Governor d. Throttle

60. Which method is used to parallel utility generators?

a. External c. Internal
b. Governor d. Throttle

Items 61 through 65 refer to the following situation. Read the
situation carefully, then answer items 61 through 65.

Situation: You have been given the task of paralleling two
precise generators. Both generators have been positioned and
grounded. The cables have also been connected. The
generator sets will be called set #1 and set #2. Set #1 is
the "on line" generator, and set #2 will be the "on coming"
generator.
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For items 61 through 65, match the procedure in column 2 with its
correct step number in column 1. After the corresponding item
number on the answer sheet, blacken the appropriate circle.

Column 1 Column 2

Step Procedure

61. (lst step) a. On set #1, close the circuit
breaker switch and place the
operation switch in the
PARALLEL OPERATION position.

62. (2nd step) b. With set #1 running, start
set #2 (without engaging
either generator's circuit
breaker switch). Use the
voltage and frequency adjust
controls to make sure the
frequency and voltage on both
sets are the same (or adjust
set #2 to match set #1).

63. (3rd step) c. Synchronize both generators.
Turn the frequency on set #2
a little higher than on set
#1. Slowly lower the
frequency until the
synchronizing lights remain
on or off at 2- to 3-second
intervals.

64. (4th step) d. Observe the lights on set #2.
The instant they go off,
place the circuit breaker
switch on set #2 in the
CLOSED position.

65. (5th step) e. Recheck that the voltage and
frequency are the same on
both sets; then on set #2,
place the operation switch in
the PARALLEL OPERATION
position. The synchronizing
lights on set #2 should light
and dim simultaneously.
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66. What is the first step in the procedure to remove precise
generators from parallel operation?

a. On set #1, set the operation switch to SINGLE UNIT
OPERATION and set the circuit breaker switch to the OPEN
position.

b. On set #2, set the circuit breaker switch to the OPEN
position and set the operation switch to SINGLE UNIT
OPERATION.

c. At the instant both lights go dark on set #2, place the
circuit breaker switch on set #2 in the OPEN position.

d. Allow both engines to cool and then stop the generators.

67. After paralleling and before transferring the load between
precise or utility generators you must first
both generators.

a. shut down c. synchronize
b. start up d. equalize

68. When paralleling utility units, you adjust the frequency
with the

a. manual throttle. c. frequency adjust knob.
b. electronic governor. d. speed switch.

69. To operate the floodlight set, you must use at least a
kW generator.

a. 5 c. 20
b. 10 d. 30

70. The deck winch on the floodlight set is used to

a. extend and retract the telescoping tower.
b. raise and lower the tower.
c. extend and retract the outriggers.
d. raise and lower the T-Bar.
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71. From the list below, select the correct sequence to set up
the floodlight set.

(1) Extend and secure outriggers to support the skid
frame

(2) Raise the tower with the deck winch
(3) Extend the tower with the tower winch
(4) Attach the floodlights and T-Bar to the tower

a. 1, 2, 3, 4 c. 1, 4, 2, 3
b. 1, 2, 4, 3 d. 4, 1, 2, 3

72. From the list below, select the correct sequence of steps
for placing the floodlight set into operation.

(1) Turn off all floodlight breakers
(2) Start the generator
(3) Turn on the appropriate floodlight breakers
(4) Once power is supplied, turn on the main floodlight

breaker

a. 1, 2, 3, 4 c. 2, 1, 4, 3
b. 1, 2, 4, 3 d. 3, 2, 1, 4

73. As an operator, you use the back side of the NAVMC 10524

a. to record equipment operation.
b. as a maintenance log.
c. to record daily PM services.
d. as a checklist for daily PM.

74. Where does the individual who is maintaining the NAVMC 10524
normally find the descriptive data that is placed in section
A?

a. Motor Vehicle Engineer Equipment Record Folder (NAVMC
696D) or equipment data plate

b. Table of Allowance manual
c. The unit's Table of Equipment
d. Technical manual for the equipment

75. Where does the dispatcher find the service information that
is placed in the Scheduled PM blocks in section A of the
NAVMC 10524?

a. On the data plate
b. From the equipment chief
c. In the equipment record folder
d. In the equipment TM and lubrication instructions
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76. The hand tools that a Marine electrician will most often use
to install or repair an electrical distribution system are
located in the

a. pioneer tool kit.
b. lineman's tool kit.
c. electrical repair kit.
d. general illumination set.

Matching: For items 77 through 81, match each component of
the pioneer tool kit in column 1 with its function in column
2. After the corresponding item number on the answer sheet,
blacken the appropriate circle.

Column 1 Column 2

Component Function

77. Carrier, timber a. Breaks up hard soil
78. Bush hook b. Moves logs or small trees
79. Mattock, pick type c. Clears bushes and shrubs
80. Adz d. Takes bark off trees
81. Peavy e. Carries timber and logs

Matching: For items 82 through 87, match each component in
column 1 to its kit or set in column 2. You may use the kits
or sets in column 2 more than once. After the corresponding
item number on the answer sheet, blacken the appropriate
circle.

Column 1 Column 2

Component Kit or Set

82. Bar, wrecking a. General Illumination Set
83. Puller, fuse b. Lineman's Tool Kit
84. Insulator assembly c. Pioneer Tool Kit
85. Splice conductor
86. Ruler, multi-folding
87. Carrier, timber
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Items 88 and 89 refer to the following situation. Read the
situation carefully, then answer items 88 and 89.

Situation: Refer to the following illustration. On the
diagram of the bus bar below, what are the minimum required
measurements for dimensions "B" and "C?" After the
corresponding item number on the answer sheet, blacken the
appropriate circle.

88. Dimension "B" is ft.

a. 3 c. 5
b. 4 d. 6

89. Dimension "C" is ft.

a. 3 c. 5
b. 4 d. 6

1 L~~~~U

I-~~~~~~~~~~I

90. How many pigtail lamp holders are normally used on a general
purpose tent wire harness?

a. 1 c. 3
b. 2 d. 4

91. The MEPDIS is capable of powering a network of multiple

a. 120/208V single-phase loads and 240V three-phase loads.
b. 120/208V three-phase and 120V single-phase loads.
c. 120V three-phase loads only.
d. 120V single-phase and 120/240V three-phase loads.
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92. The MEPDIS consists of 10 _ kW, 4 kW, and 2 _ kW
power distribution panel board assemblies.

a. 15, 30, 100 C. 5, 10, 30
b. 10, 30, 50 d. 3, 5, 10

93. The steps for placing the distribution panel board
assemblies into operation are listed below. Select the
choice that shows the correct sequence of steps.

(1) Set the output circuit breaker switches to the "ON"
position.

(2) Connect the generator power cable to the input
receptacle on the first power distribution panel
board and then interconnect the additional
distribution panel boards together using the
appropriate cables.

(3) Monitor the phase indicator lights to verify that the
units are functioning properly.

(4) Set main circuit breaker switches to "ON" as
appropriate.

(5) For the distribution panels that supply power to the
loads, first connect the load cables to the output
receptacles on the panels. Then, connect the cables
to the loads.

a. 1, 2, 3, 4, 5 c. 4, 1, 2, 3, 5
b. 2, 4, 5, 1, 3 d. 5, 1, 4, 3, 2

Matching: For items 94 through 96, match the type of tent in
column 1 to the number (quantity) of tents that can be wired
in column 2 using the complete FWH set. After the
corresponding item number on the answer sheet, blacken the
appropriate circle.

Column 1 Column 2

Tent Ouantity

94. General purpose a. 20
95. Command post b. 10
96. Maintenance c. 2

d. 1

97. The four types of electrical distribution systems are
single-phase, two-wire; single-phase, three-wire; three-
phase, three-wire; and

a. two-phase, two-wire.
b. two-phase, three-wire.
c. three-phase, two-wire.
d. three-phase, four-wire.

R-15



98. What are the two types of electrical distribution system
layouts?

a. Circular and straight
b. Perimeter and linear
c. Series and parallel
d. Ring and radial

99. The most important factor to consider when selecting a
generator site is how near it is to

a. water sources. c. the power demands.
b. all-weather roads. d. the refuel area.

Items 100 through 103 refer to the following situation. Read the
situation carefully, then answer items 100 through 103.

Situation: You have been given the task of supplying power
to a maintenance tent that is being used as a briefing room.
You will provide 120 volt, single-phase power. The
maintenance tent will have fourteen 60-watt light bulbs and
six receptacles rated at 20 amps each. Use variations of the
formulas E=IxR and P=ExI to do your calculations.

100. What is the wattage of the connected load?

a. 3,000 watts c. 15,240 watts
b. 12,720 watts d. 21,500 watts

101. What is the amperage of the connected load?

a. 21 amps c. 127 amps
b. 106 amps d. 323 amps

102. What is the wattage of the demand load?

a. 2,520 watts c. 15,240 watts
b. 3,000 watts d. 21,500 watts

103. What is the amperage of the demand load?

a. 21 amps c. 643 amps
b. 25 amps d. 960 amps

104. What is the maximum percentage that the phases on a
generator may be unbalanced?

a. 5% c. 10%
b. 8% d. 20%
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105. What is the maximum percentage of voltage drop allowed in a
distribution system?

a. 5% c. 10%
b. 8% d. 20%

106. Using the chart below, what generator would you choose to
support a demand load of 29 kW at 60 Hz?

a. MEP 005A c. MEP 112A
b. MEP 006A d. MEP 115A

MODEL KILOWATT FREQUENCY OUTPUT

120V, 3 PHASE, 3 WIRE
MEP-016B 60 1201240V, 1 PHASE, 2 WIRE OR 120/208V, 3 PHASE, 4 WIRE

120V, I PHASE, 2 WIRE
MEP-112A 10 400 1201240V, 1 PHASE, 3 WIRE OR 120/208V, 3 PHASE, 4 WIRE

MEP-112A 10 400 120OV, PHASE, 2 WIRE
120/240V, 1 PHASE, .3 WIRtE OR 120/208V, 3 PHASE, 4 WIRE

MEP-005A 30 50/60 120/208V OR 2401416V, 3 PHASE, 4 WIRE

MEP-114A 30 400 120/208V OR 2401416V. 3 PHASE, 4 WIRE

MEP-006A 60 50/60 120/208V OR 240/416V, 3 PHASE, 4 WIRE

MEP-II5A 60 400 120/208V OR 240/416V, 3 PHASE, 4 WIRE

MEP-007A 100 50/60 120/208V OR 240/416V, 3 PHASE, 4 WIRE

MEP-007B 100 50/60 120/208V OR 2401416V, 3 PHASE, 4 WIRE

LAST PAGE OF THE REVIEW LESSON
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SEND FOR MEDICAL HELP!

STE-P 4 Check Step. Check the pulse and breathing for 5-10
seconds. Keep the head tipped back and your hand on the
forehead. Place the fingertips of your other hand on the
adam's apple, slide your fingers into the groove at the side
of the neck nearest you. If you find a pulse but the victim
is not breathing, give mouth-to-mouth resuscitation,
rechecking the pulse every 112 breaths. If there is no pulse
or breathing, prepare to give chest compressions

STEP 5 Hand Positions for Chest Compressiwns. With your
middle and index mngers, find-the lower edge of the victim's
rib cage on the side nearest you. Trace the edge of the ribs
up to the notch where the ribs meet the breastbone. Place
your middle finger on the notch and your index finger next
to it. Put the heel of your other hand on the breastbone next
to your fingers. Put your frpe hand on top of your hand on
the bftastbohe. k-copyour u'gers off the chest.

STEP 6 Chest Compressions. Push straight down without bending
your elbows while keeping proper hand position. Keep your
knees shoulder width apart. Your shoulders should be
directly over the victim's breastbone. Keep your hands
along the midline of the body. Bend from the hip, not the
knees. Keep your fingers off the chest. Push down 1 'A2 to 2
inches; push smoothly. Couuit "I-and-2-and-3" and so forth.

STEP 7 Push 5'15" - Breathe "2Ž OGive 15 compressions at the rate
of 80 per minute. Tip the head so that the chin points up
and give two quick full breaths. Continue to repeat 15
compressions followed by two breaths. Check the pulse and
breathing after the first minute and every few minutes
thereafter.

REVIEW OF STEPS

1. Consciousness
2. Airway
3. Quick Breaths
4. Check Step
5. Hand Positiont for Chest Compressions
6. Chest Compresslons;
7. Push 11511 - Breathe 1"2"1

SEND FOR MEDICAL HELP!
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