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PREFACE

By enrolling in this self-study course, you have demonstrated a desire to improve yourself and the Navy.
Remember, however, this self-study course is only one part of the total Navy training program. Practical
experience, schools, selected reading, and your desire to succeed are also necessary to successfully round
out a fully meaningful training program.

THE COURSE:  This self-study course is organized into subject matter areas, each containing learning
objectives to help you determine what you should learn along with text and illustrations to help you
understand the information.  The subject matter reflects day-to-day requirements and experiences of
personnel in the rating or skill area.  It also reflects guidance provided by Enlisted Community Managers
(ECMs) and other senior personnel, technical references, instructions, etc., and either the occupational or
naval standards, which are listed in the Manual of Navy Enlisted Manpower Personnel Classifications
and Occupational Standards, NAVPERS 18068.

THE QUESTIONS:  The questions that appear in this course are designed to help you understand the
material in the text.

VALUE:  In completing this course, you will improve your military and professional knowledge.
Importantly, it can also help you study for the Navy-wide advancement in rate examination. If you are
studying and discover a reference in the text to another publication for further information, look it up.

1990 Edition Prepared by
CECS Billy F. Johnson

Published by
NAVAL EDUCATION AND TRAINING

PROFESSIONAL DEVELOPMENT
AND TECHNOLOGY CENTER

NAVSUP Logistics Tracking Number
0504-LP-026-7220
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Sailor’s Creed

“I am a United States Sailor.

I will support and defend the
Constitution of the United States of
America and I will obey the orders
of those appointed over me.

I represent the fighting spirit of the
Navy and those who have gone
before me to defend freedom and
democracy around the world.

I proudly serve my country’s Navy
combat team with honor, courage
and commitment.

I am committed to excellence and
the fair treatment of all.”
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INSTRUCTIONS FOR TAKING THE COURSE

ASSIGNMENTS

The text pages that you are to study are listed at
the beginning of each assignment. Study these
pages carefully before attempting to answer the
questions. Pay close attention to tables and
illustrations and read the learning objectives.
The learning objectives state what you should be
able to do after studying the material. Answering
the questions correctly helps you accomplish the
objectives.

SELECTING YOUR ANSWERS

Read each question carefully, then select the
BEST answer. You may refer freely to the text.
The answers must be the result of your own
work and decisions. You are prohibited from
referring to or copying the answers of others and
from giving answers to anyone else taking the
course.

SUBMITTING YOUR ASSIGNMENTS

To have your assignments graded, you must be
enrolled in the course with the Nonresident
Training Course Administration Branch at the
Naval Education and Training Professional
Development and Technology Center
(NETPDTC). Following enrollment, there are
two ways of having your assignments graded:
(1) use the Internet to submit your assignments
as you complete them, or (2) send all the
assignments at one time by mail to NETPDTC.

Grading on the Internet:  Advantages to
Internet grading are:

• you may submit your answers as soon as
you complete an assignment, and

• you get your results faster; usually by the
next working day (approximately 24 hours).

In addition to receiving grade results for each
assignment, you will receive course completion
confirmation once you have completed all the

assignments. To submit your assignment
answers via the Internet, go to:

https://courses.cnet.navy.mil

Grading by Mail: When you submit answer
sheets by mail, send all of your assignments at
one time. Do NOT submit individual answer
sheets for grading. Mail all of your assignments
in an envelope, which you either provide
yourself or obtain from your nearest Educational
Services Officer (ESO). Submit answer sheets
to:

COMMANDING OFFICER
NETPDTC N331
6490 SAUFLEY FIELD ROAD
PENSACOLA FL 32559-5000

Answer Sheets: All courses include one
“scannable” answer sheet for each assignment.
These answer sheets are preprinted with your
SSN, name, assignment number, and course
number. Explanations for completing the answer
sheets are on the answer sheet.

Do not use answer sheet reproductions:  Use
only the original answer sheets that we
provide— reproductions will not work with our
scanning equipment and cannot be processed.

Follow the instructions for marking your
answers on the answer sheet. Be sure that blocks
1, 2, and 3 are filled in correctly. This
information is necessary for your course to be
properly processed and for you to receive credit
for your work.

COMPLETION TIME

Courses must be completed within 12 months
from the date of enrollment. This includes time
required to resubmit failed assignments.
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PASS/FAIL ASSIGNMENT PROCEDURES

If your overall course score is 3.2 or higher, you
will pass the course and will not be required to
resubmit assignments. Once your assignments
have been graded you will receive course
completion confirmation.

If you receive less than a 3.2 on any assignment
and your overall course score is below 3.2, you
will be given the opportunity to resubmit failed
assignments. You may resubmit failed
assignments only once.  Internet students will
receive notification when they have failed an
assignment--they may then resubmit failed
assignments on the web site. Internet students
may view and print results for failed
assignments from the web site. Students who
submit by mail will receive a failing result letter
and a new answer sheet for resubmission of each
failed assignment.

COMPLETION CONFIRMATION

After successfully completing this course, you
will receive a letter of completion.

ERRATA

Errata are used to correct minor errors or delete
obsolete information in a course.  Errata may
also be used to provide instructions to the
student.  If a course has an errata, it will be
included as the first page(s) after the front cover.
Errata for all courses can be accessed and
viewed/downloaded at:

https://www.advancement.cnet.navy.mil

STUDENT FEEDBACK QUESTIONS

We value your suggestions, questions, and
criticisms on our courses. If you would like to
communicate with us regarding this course, we
encourage you, if possible, to use e-mail. If you
write or fax, please use a copy of the Student
Comment form that follows this page.

For subject matter questions:
E-mail: n314.products@cnet.navy.mil
Phone: Comm:  (850) 452-1001, Ext. 1826

DSN:  922-1001, Ext. 1826
FAX:  (850) 452-1370
(Do not fax answer sheets.)

Address: COMMANDING OFFICER
NETPDTC (CODE N314)
6490 SAUFLEY FIELD ROAD
PENSACOLA FL 32509-5237

For enrollment, shipping, grading, or
completion letter questions
E-mail: fleetservices@cnet.navy.mil
Phone: Toll Free:  877-264-8583

Comm:  (850) 452-1511/1181/1859
DSN:  922-1511/1181/1859
FAX:  (850) 452-1370
(Do not fax answer sheets.)

Address: COMMANDING OFFICER
NETPDTC (CODE N331)
6490 SAUFLEY FIELD ROAD
PENSACOLA FL 32559-5000

NAVAL RESERVE RETIREMENT CREDIT

If you are a member of the Naval Reserve, you
will receive retirement points if you are
authorized to receive them under current
directives governing retirement of Naval
Reserve personnel. For Naval Reserve
retirement, this course is evaluated at 10 points.
(Refer to Administrative Procedures for Naval
Reservists on Inactive Duty, BUPERSINST
1001.39, for more information about retirement
points.)

COURSE OBJECTIVES

In completing this nonresident training course,
you will demonstrate a knowledge of the subject
matter by correctly answering questions on the
following: performing tasks involved in the
installation, maintenance, and repair of area
lighting systems, airfield lighting systems,
power generation and distribution systems, and
alarm systems; the rigging and erecting of
hoisting systems; the calculation of electrical
systems load requirements; and the use of solid-
state testing devices.
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CHAPTER 1

AREA LIGHTING SYSTEMS

Advancement brings both increased rewards
and increased responsibilities. The advantages are
obvious-higher pay, greater prestige, more
interesting and challenging assignments, and the
satisfaction of getting ahead in your chosen
career. As a Construction Electrician first class
petty officer, you will have many responsibilities
added to those you had as a second class petty
officer. You have acquired a lot of valuable
knowledge, and now it is your turn to pass on the
technical know-how of your job to others.

In addition to supervising and training lower
rated personnel, you will be required to perform
various leadership and administrative duties. The
type of activity to which you are assigned
will determine just how you carry out your
responsibilities, but the ability to apply effective
techniques of leadership and to get along with
people will help you succeed in the Navy,
regardless of your assignment.

These duties and responsibilities are covered
in the Naval Construction Force/Seabee First
Class Petty Officer Training Manual, NAV-
EDTRA 10601.

This chapter covers the streetlighting systems,
the floodlighting systems, and the security lighting
systems that are required at all military installa-
tions. When properly constructed and installed,
these original basewide lighting systems will
provide years of trouble-free operation with
a minimum of minor maintenance and bulb
changing required to keep the system fully
operational.

Several factors can change the base require-
ments for area lighting. These factors include
such changes as facility usage, updating of
systems, changes in the base mission, or expand-
ing existing systems.

With the cost of energy rising daily, any
system that can provide a higher level of efficiency
for the energy used must be considered. In this
area the use of the newer high-pressure discharge
systems for lighting seems to offer savings
both in the lifespan of the bulbs and in the

lumens per watt of energy used. These systems
are replacing the older incandescent systems in an
ever-increasing pace. The higher initial cost of
these systems is being offset by the efficiency of
the energy used and savings of energy dollars.

OUTDOOR LIGHTING

There are a number of light systems in use
today. They are streetlights, floodlights, and
security lights. These systems can be as simple as
a few portable floodlights to help accomplish an
after-dark-rush job or a base streetlighting system.
In this section, we will discuss the lighting system
requirements and equipment that is common to
all three systems.

LUMINAIRE TYPES AND FIXTURES

While most of us think of streetlights as using
incandescent bulbs, the first electrical streetlamps
used arc lights. While the quantity of light
produced was sufficient, the brightness, color,
cost, and maintenance of the system presented
problems that were unacceptable. With Edison’s
invention of the incandescent bulb, electrical
lighting became a practical way of life. While the
incandescent bulbs are still in use and solved many
problems, they have created some new problems.

Aging is one of the primary problems of
incandescent bulbs. Two factors are involved.
Both of these factors concern the tungsten
filament. When the filament is heated, part of the
metal is driven off by thermionic emission and
is unable to return to the filament. This metal
collects on the inside of the glass bulb causing the
glass to darken and reduce the light rays that can
be passed through the glass to provide light. Metal
that is lost from the filament reduces the size of
the filament. This reduction in size increases the
resistance and thereby reduces the light produced.
Over the lifespan of an incandescent bulb, it may
lose as much as 30 percent of its ability to deliver
light because of these two factors.
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Electric-Discharge Lighting

Efforts to improve the power efficiency and
reduce the maintenance costs led to the develop-
ment of a new family of lighting which has been
generally categorized as the electric-discharge
lamps. These lamps all have a negative resistance
characteristic. This means that the resistance
decreases as the lamps heat up. This would
normally cause the current flow to increase. Each
lamp of this type must be equipped with a current-
limiting device called a ballast. Lamp life and
more light per watt are two main advantages that
electric-discharge lamps have over incandescent
bulbs. The basic types of electric-discharge lamps
used in area lighting are vapor, metal halide, and
fluorescent lamps.

Figure 1-1 shows the basic configuration of
vapor and metal halide bulbs. In these lamps, a
material, such as sodium, mercury, or metal
halide of thallium, sodium, or indium, in addition
to mercury, is added to the arc tube. In design,
the lamp has three electrodes, with one electrode
being used only for starting. The arc tube contains
small amounts of pure argon gas to aid in starting.
Free electrons are accelerated by the starting
voltage. In this state of acceleration, these
electrons strike atoms and displace other electrons
from their normal atomic positions. Once the
discharge begins, the enclosed arc becomes the
light source. The addition of the metal halides to
the arc tube results in a bulb with a 50-percent
higher efficiency and a better color quality than
the mercury arc bulb. In the past, the main
drawback of sodium lights has been the poor color
quality of the light produced. The new high-
pressure sodium light is smaller and has a better
color. This light has a higher light-producing
efficiency than does any other commercially
produced white light source.

Commercial companies that produce these
light bulbs claim a 100-percent increase in lamp
life over tungsten filament bulbs that produce the
same amount of light. The power in watts required
to operate these lamps is less than one-half that
required for filament lamps. The initial cost of
the components for lights is substantially greater
as these lights will require ballasts; however, this
cost can be made up later by the savings of energy
costs. The selection of lighting fixtures will depend
on budgeted dollars for new installation projects
versus maintenance dollars.

Most discharge lighting fixtures are supplied
with the required ballast installed in the fixture.

Figure 1-1.—Vapor and metal halide bulb configuration.

In some cases ballasts, usually called trans-
formers, are externally installed.

High-Intensity Discharge (HID) Lighting

HID lighting systems are being used more and
more for two reasons: longer bulb life and greater
energy efficiency. Longer bulb life results in lower
maintenance (relamping) costs. Greater energy
efficiency, simply stated, means more light
(lumens) per watt of energy. As a comparison
between incandescent bulbs and HID bulbs, an
incandescent bulb that consumes 575 watts
provides 10,000 lumens and has a lifespan of 1,200
hours, while a metal halide lamp at 400 watts
provides 32,000 lumens and has a lamp life of
10,500 hours. A high-pressure sodium HID bulb
of 400 watts consumption provides 42,000 lumens
with a life of 6,000 hours. As you can see from
these examples, the HID lamps far surpass the
older incandescent lamps in light bulb life and
efficiency. The economic life of the HID bulbs
ranges from 6,000 to 20,000 hours. Lamp
temperatures should be maintained below 210°F
at the base and should not exceed 400°F outer
bulb temperature. Specific voltages are required
for these lamps and should not vary more than
5 percent above or below this specified rating.
Low voltages will cause the lamps to go out.
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Normally they will not restart until the internal
vapor pressure is reduced to a point at which the
arc can be restarted. This time may vary from 4
to 8 minutes. The existing conditions will govern
this time. Where extremely cold conditions exist,
such as in streetlight or floodlight systems in
winter temperatures, specially designed ballasts
(transformers) are installed to provide a higher
open-circuit voltage to aid in starting the lamps.

You should remember that all HID lights
produce a stroboscopic effect and, when possible,
adjacent lamps should be powered from different
phases to reduce the results of this effect.

If a system is simply being upgraded by
changing out incandescents for HID lamps, the
present wiring is probably adequate to handle the
change since the HID lamp requires less power
than the older incandescent system. Either a series
or a multiple wiring system may be used. In some
cases, isolating transformers are used with
the lighting fixture on a series system. On
new projects, either overhead or underground
distribution may be used. In recent years,
underground distribution has become more
popular. This is especially true where hollow steel
or aluminum standards or poles are to be used.
Ballasts and/or isolating transformers can be
mounted in the bases of the standards, making
access to these units easier for inspection and
replacement. Only the size of wire required to feed
the lamps on that particular standard must be
carried up the pole to the fixture. This smaller wire
size makes fixture connections easier. Under-
ground distribution offers more protection to the
distribution cables than do overhead systems.

CAUTION: Mercury-vapor and metal halide
lamps are highly efficient, energy-saving lamps,
but if broken they may give off dangerous
ultraviolet radiation. A number of publications
have been published warning of this danger. If
you find yourself in the position of having to work
with or around these high-discharge lamps, it is
advisable to become aware of the information
contained in the Occupational Safety and Health
Administration (OSHA) standards, NAVSEA-
INST 5100.3B, and NAVELEXINST 5100.7.

As mentioned, high-intensity mercury vapor
and halide lamps can be dangerous if they
continue to operate when the outer globe of the
bulb is broken, punctured, or missing. A broken
outer globe allows the lamp to emit intense
ultraviolet radiation. PERSONS EXPOSED TO
EXCESSIVE AMOUNTS OF ULTRAVIOLET

Fluorescent lamps of high-pressure, hard
glass are now being used to some extent for
floodlighting where a low-level, highly diffused
light is desired. This would include club parking
lots, outside shopping areas, parks, or grass areas.
This bulb is much the same in operation as the
mercury-vapor lamp with the exception that
the fluorescent tube has an inside coating of
material called phosphor that gives off light when
bombarded by electrons. In this case, the visible
light is a secondary effect of current flow through
the lamp. As with other electric-discharge lamps,
the fluorescent lamp requires a ballast for
operation. The color produced by the light
depends on the phosphor material used.

Luminaire Ballasts
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Every electric-discharge lamp needs a ballast
to operate. The ballast is simply a coil of insulated
wire wound on a frame, or a laminated iron core.

Ballasts may perform any or all of the
following functions:

Limit the current flow through the lamp
to the value for which the lamp is designed.

RADIATION CAN SUFFER SEVERE SKIN
BURNS, PAINFUL AND EVEN PERMANENT
EYE DAMAGE, AND, IF THE EXPOSURE IS
INTENSE OR REPEATED, PERHAPS EVEN
SKIN CANCER.

If plans require the installation of mercury-
vapor or metal halide lighting in an area ordinarily
occupied, care must be taken to prevent injuries
by following these simple instructions:

Use bulbs that have extinguishing devices.

Use totally enclosed lighting fixtures with
protective shields that protect the lamp from
damage and absorb ultraviolet radiation.

As a special warning for underground series
circuits using HID equipment, the system will
require auxiliary equipment to provide protection
from high voltages caused by resonant power
conditions that occur during “hot restarts.”
Failure to incorporate this equipment will cause
lamps to blow, sockets to flash, or ballasts to fail.
The individual manufacturer of the particular
equipment to be installed should be consulted as
to what hot start preventer they provide or
recommend.

Fluorescent Lighting



Cause a drop in line voltage and provide
the desired lamp voltage, which, in turn,
determines the rated current in the lamp.

Provide power factor correction.

Provide radio interference suppression.

The ballast core is made of laminated trans-
former steel wound with copper or aluminum
magnet wire. The assembly is impregnated with
insulating material that provides electrical
insulation while aiding in heat dissipation and,
with leads attached, is placed into a case. The case
is filled with a potting material containing a filler,
such as silica. This compound completely fills the
case encapsulating the core, coil, and capacitor.

Average ballast life at a 50-percent duty cycle
and at proper ballast operating temperature is
normally estimated at about 12 years. At higher
ballast temperature or longer duty cycle, shorter
ballast life will result.

According to the National Electrical Code®,
(NEC®)1, Article 410-73e, it is mandatory that
all fluorescent lamp ballasts used indoors be
internally protected and that replacements for
these ballasts be integrally protected. These
protective measures were taken to prevent
misapplication of the ballast as well as to protect
against undesirable failure and conditions which
can occur at the end of ballast life. The thermally
protected Underwriters’ Laboratories approved
ballast is known and marked, or labeled, as
“Class P.”

The operating characteristics of the ballast
may result in a low- or high-power factor. The
measured watts of a low-power-factor ballast are
approximately the same as the measured watts of
the high-power-factor ballast when they are
connected to the same load. The low-power-factor
ballast draws more current from the power
supply, and therefore, larger supply conductors
may be necessary. The high-power-factor ballast
permits greater loads to be carried by the existing
wiring system.

Fixtures

There are fixture configurations to meet
almost any lighting requirement or design. While
the basic purpose of the fixture is to hold and
prevent damage to the lamps and lamp sockets,

1 National Electrical Code® and NEC® are registered trade-
marks of the National Fire Protection Association, Inc.,
Quincy, MA.
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the fixture also helps direct the light beams into
the lighting patterns desired. The fixture, with its
reflector and lens, determines the quality of the
light being produced. Reflectors can either con-
centrate or diffuse light rays, and the lens can pass
or refract light rays. Quite often, the lens may be
used to do both from one light source; that is, part
of the light rays are refracted to produce a soft,
even spread of light in the outer part, while the
light rays are concentrated in other areas of the
lens to produce a bright, hard light at a specific
area. Some streetlight fixtures are examples of this.
The sides of the lenses produce a general diffused
lighting to prevent blinding automobile operators
while, at the same time, they produce a bright light
pattern below the lamp along the curb.

Flood or security lighting fixtures may be
either open or enclosed. The open fixtures provide
higher maintained efficiency and more accurate
beam control. The open fixture will, under some
conditions, require a “hard glass” bulb to prevent
bulb breakage caused by rain, snow, or insects
striking the hot bulb.

Most fixtures will have provisions for mount-
ing ballasts (transformers) within the fixture and
will provide protection for the ballast. In some
cases, particularly in high bay lighting, the ballasts
may be mounted at some central location and
not mounted in the fixture. Figure 1-2 shows
representative samples of the styles of fixtures

Figure 1-2.—Fixture styles available.



available. In the pole-mounted group, the ballasts
are located in the pole base. Several methods of
fixture attachment are possible and should be
considered when fixtures for a particular job are
ordered. The location and job determine whether
the fixture is suspended, bracket mounted, or arm
mounted. Most brackets can be attached either
to wood or metal support structures. In either
case, the fixture should be firmly attached to the
structure so that precise aiming for light
distribution can be made.

LIGHT CIRCUITS

As we stated earlier, a number of light systems
are in use today, such as streetlights, floodlights,
and security lights. These systems are either series
or multiple (parallel), depending on how they are
used and the equipment available.

The series circuit is supplied by a regulating
transformer which gives a constant current, usually
of 6.6 amperes, to the lighting circuit. If a higher
amperage is required, *autotransformers are avail-
able for stepping up the current to 15 or 20
amperes. This higher amperage permits the use of
more rugged lamp filaments, which give longer
life for lamps of equal candlepower and higher
lamp efficiency.

The series circuit is easily controlled, but any
break interrupts the entire circuit. The use of
film-disk cutouts (fig. 1-3) in the lamp socket

Figure 1-3.—Series lamp, socket, and film disk.

prevents lamp failure from interrupting the
circuit.

The multiple (parallel) circuit consists of a
number of streetlights supplied by a distribution
transformer delivering a constant low voltage to
a circuit or secondary main which also supplies
other loads. However, running secondary con-
ductors any great distance to supply a parallel-
connected lamp or a group of lamps is impractical
because of the excessive voltage drop.

The cost of the multiple luminaire is low
compared to the series type because the low
voltage allows for the elimination of other
luminaire accessories. This saving is largely offset,
however, by the increased requirement for control
devices and the copper wire cost. Lamp life
and efficiency are comparatively low and the
illumination is not as uniform as in the series
circuit.

In choosing a system, here are a few
suggestions which may aid in your selection.

If the total wattage of the circuit exceeds
2 kilowatts or more than 15 lights, consider a
series lighting system.

When extending an existing system, use the
existing circuit.

If low-voltage capacity exists at the
proposed location, use a multiple system even
though the load exceeds 2 kilowatts.

When several small lights are to be spaced
rather far apart and no low-voltage secondary
exists along the route, use the series system
regardless of the load size or the number of lights.

When estimates show that one type of
system will save money and time, use the more
economical system.

Series Circuits

Let’s consider a series streetlight system. The
power for the circuit will be supplied from the
base primary distribution lines, through fuse
cutouts, to an oil switch, and from the oil switch
to a constant-current regulator. The constant-
current regulator will supply power to the series
loops and, thus, to the individual lamps. While
the current (normally 6.6 amperes) remains
constant, the voltage will vary with the applied
load.
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A series circuit may be installed with its supply
lead and the return lead on the same pole or they
may follow a different route. The type of route
followed would be known as a closed loop when
the leads are on the same pole, and as an open
loop when the leads follow a different route. (See
fig. 1-4.) If the open-loop method is used, bringing
the two conductors to the same pole at several
points makes troubleshooting easier (the circuit
may be shunted at this point). An open-loop
circuit is less expensive initially, but trouble-
shooting is difficult, time consuming, and costly.

Installing the series circuit on the same
crossarm as the primary-distribution conductor
is usually the most economical. If two primary
crossarms are used, the streetlight wires should
be carried on the lower arm in the end-pin
position. If two separate single-conductor street
circuits are on the same crossarm, they should not
be placed in adjacent pin positions because of
confusion in troubleshooting.

Insulator sizes should be based on the
open-circuit voltage of the largest regulator used
and are usually the same size as those used for
primary distribution. White insulators should be
used on a series street circuit to distinguish them
from the primary distribution insulators and to
assist in identifying the circuits for operating and
maintenance work. Small strain insulators should
be used for cutting in individual lamps or loops
of five lamps or fewer. Equivalent voltage
insulators with automatic line splices may also be
used. If the loop consists of more than five lamps,
a primary disk insulator is used. The insulator is
usually cut in after the conductors have been
strung.

Figure 1-4.—Diagrams of open and closed loops in series
circuits.

The conductor size should be No. 6 medium
hard-drawn copper or its mechanical equivalent.
Although No. 8 hard-drawn copper is usually too
weak for longer spans, the use of copperweld or
similar conductors of high mechanical strength
overcomes the difficulty. Conductor sag should
be the same as for primary distribution.

Constant-current regulators should be pro-
tected on overhead circuits by lightning arresters
on both the primary and secondary sides.

Multiple Circuits

The multiple streetlight system uses a dis-
tribution transformer of the proper size as service
equipment. (See fig. 1-5.) Notice that the
transformer is fed directly through fuse cutouts
from the base primary distribution system. The
control for the circuit is connected into one line
of the secondary side. The selection of output
voltage of the transformer depends on the voltage
required for the individual lamps that are
installed. Depending on the types of lamps
selected, this voltage may be from 120 volts to
480 volts. You must know the type of lamp that
will be used in the circuit before you can properly
select the transformer to feed the streetlight
system. While the multiple system is not as
dangerous as the series system, it is dangerous,
and caution must be exercised by those working
on the system.

COMPONENTS AND CONTROLS

There are many components required to
construct an area lighting system. These include
constant-current transformers, relays, controls,
fixtures, wiring, and lamps. Controls can be
manual, automatic, or a combination.

Figure 1-5.—Multiple light circuit.
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Constant-Current Transformer

The constant-current transformer, usually
called a regulator, has a movable secondary
winding that automatically changes position to
provide constant current for any load within its
full-load rating. The balance point between coil
weight and magnetic force may be adjusted to
provide the desired output current.

A moving-coil regulator is recommended
because of the close regulation required for
streetlighting work. It consists of a fixed primary
coil and a movable secondary coil on a laminated
core (fig. 1-6). Voltage applied to the primary
winding causes voltage to be induced in the
secondary winding. When the secondary circuit

is closed, the magnetic field in the secondary reacts
with the primary-coil field to push the movable
coil up. The balance point between coil weight and
magnetic force is designed to provide the desired
secondary current (usually 6.6 amperes).

Since as little as 1-percent overcurrent reduces
lamp life by 20 to 25 percent, close adjustment
is necessary. This is obtained by a movable weight
on the balancing lever. The primary current
remains constant for all loads, but the power
factor varies with the load, thereby changing the
primary input. Since the secondary voltage
increases with the load, regulator size should be
restricted to keep the secondary voltage within
desired limits.

Figure 1-6.—Moving-coil constant-current regulator.
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On most existing installations, the constant-
current regulator is of the outdoor type (fig. 1-7).
Three main types of installation are used for
these regulators: two-pole platform, timber or
steel construction single-pole platform, and pole
mounted. Any regulator larger than 20 kilovolt
amperes should be mounted on a platform.

Constant-current regulators should be loaded
as near 100 percent as possible since both
efficiency and power factor are best at this load.
Specifications of the American Institute of
Electrical Engineers (AIEE) require constant-
current transformers to deliver the rated
secondary current at 10-percent overload. A larger

size regulator should not be installed before this
lo-percent overload is reached. When larger
regulators must be installed and are not readily
available, a booster transformer may be used with
its secondaries connected into the series street
circuit and its primaries connected to the primary
feeder supplying the regulator (fig. 1-8). Since
transformers used for this purpose should have
secondary bushings insulated for the high voltage
of the series street circuit, a special booster
transformer is preferred to an ordinary distri-
bution transformer for use with constant-current
regulators of 10 kilowatts and larger. In using a
booster transformer, the primary coil must be

Figure 1-7.—Pole-mounted regulator.
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Figure 1-8.—Method of relieving slightly overloaded regulators with a distribution or booster transformer.

isolated from the secondary coil, which necessi-
tates removing any internal lead connecting the
two coils. The additional load handled by this
device equals the product of the street-circuit
current and the secondary voltage of the trans-
former. Thus, if a 2,400/240-volt transformer is
used, the additional load which the street circuit
can carry is 240 volts × 6.6 amperes or 1.584
kilowatts.

Table 1-1 shows the maximum number of
series lamps in the various sizes that may be used
for full-load rating on a regulator. The average
number of watts of energy consumption for each
size lamp may be computed since the regulator
ratings are based on their output. In this manner,
the load of a circuit consisting of different size
lamps may be computed.

Example: What size regulator would be
required to supply the following lamps?

25 1,000-lumen, 6.6-ampere, straight-series
lamps.

50 2,500-lumen, 6.6-ampere, straight-series
lamps.

10 6,000-lumen, 20-ampere lamps with
isolating transformer.

Solution: Table 1-1 shows that the average
energy consumption of a 1,000-lumen,
6.6-ampere, straight-series lamp with film cutout
is 69 watts per lamp. In a similar manner, the

average energy consumption of a 2,500-lumen
lamp is 167 watts, and a 6,000-lumen, 20-ampere
lamp with isolating transformer is 405 watts.
Totaling the combined load shows the following:

25 × 69 = 1,725 watts
50 × 167 = 8,350 watts
10 × 405 = 4,050 watts

14,125 watts or 14.1 kilowatts

Therefore, a 15-kilowatt regulator would be
required.

NOTE: The table makes allowances for line
losses in the average series street circuits.

Control Circuits

There are several methods used to control
the operation of area lighting systems. For
recreational lighting, only a manual switch is
required. On the other hand, streetlights and
security lights have more sophisticated controls.

Lights normally are on during the hours of
darkness or when unusual weather conditions
indicate the need for artificial light. Although
lights could be activated by assigning an individual
to manually operate the controls, they are usually
turned on and off by a combination of controls.

Most control circuits that you will encounter
in the field use one of the following devices to
control the lighting system: photoelectric cell,
cadmium sulphide cell, time clock, pilot wire
relay, or cascading relays. A detailed description
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Table 1-1.—Approximate Lamp Capacity for Streetlighting Regulators

STRAIGHT-SERIES LAMPS WITH FILM CUTOUT

CIRCUIT RATING IN AMPERES

6.6 15 20

REGULATOR 600 800 1,000 2,500 4,000 6,000 4,000 4,000 6,000 10,000 15,000 25,000
RATING LUMENS LUMENS LUMENS LUMENS LUMENS LUMENS LUMENS LUMENS LUMENS LUMENS LUMENS LUMENS

(kW)

1 21 17 14 6 4 2 4 3 3
2 42 34 28 12 8 5 8 7 6 3 2 1
3 64 51 43 18 12 8 12 11 9 5 3 2
5 107 86 72 30 20 13 20 19 13 9 6 3
7.5 161 129 108 45 30 20 30 29 21 12 9 5

10 214 172 144 60 40 26 40 39 28 16 11 7
15 321 258 216 90 60 40 60 58 47 25 16 10
20 428 344 288 120 80 55 80 78 56 34 22 13
25 535 430 360 150 100 66 100 97 70 42 28 17
30 642 516 432 180 120 80 121 117 85 50 34 21

UNIT kW* .047 .058 .069 .167 .250 .375 .249 .256 .354 .600 .880 1.43

LAMPS WITH AUTOTRANSFORMERS AND LAMPS WITH ISOLATION TRANSFORMERS

CIRCUIT RATING IN AMPERES

15 20 6.6 15 20

EGULATOR 4,000 6,000 10,000 15,000 25,000 1,000 2,500 4,000 6,000 10,000 15,000 25,000
RATING LUMENS LUMENS LUMENS LUMENS LUMENS LUMENS LUMENS LUMENS LUMENS LUMENS LUMENS LUMENS

(kW)

1 3 2 1 1 0 12 5 3 2 1 1 0
2 7 5 3 2 1 24 10 7 5 3 2 1
3 11 7 4 3 2 32 15 10 7 4 3 2
5 18 13 8 5 3 53 25 17 12 7 5 3
7.5 27 19 12 8 5 80 38 26 18 11 7 5

10 37 26 16 11 6 107 51 35 25 15 10 6
15 55 39 24 16 10 160 76 52 37 23 15 10
20 74 52 32 22 12 215 102 70 50 30 20 12
25 92 65 40 27 16 268 127 87 62 38 25 16
30 110 78 48 32 20 322 152 104 74 46 30 20

UNIT kW* .273 .384 .625 .935 1.500 .093 .197 .288 .405 .650 1.000 1.500

HIGH-INTENSITY DISCHARGE LAMPS

LAMP CAPACITY OF REGULATORS IS LIMITED BY STARTING CURRENT. DETERMINE UNIT kW BY MULTIPLYING LAMP WATTAGE
BY THE FOLLOWING FACTORS: 2.1 FOR AMBIENT TEMPERATURES NOT BELOW +35°F (+2°C)

2.5 FOR AMBIENT TEMPERATURES TO -30°F (-34°C)

THE PROPER SIZE REGULATOR TO SELECT IS THE SMALLEST RATING WHICH EXCEEDS THE SUM OF THE UNIT kW FOR ALL LAMPS
ON THE CIRCUIT, REGARDLESS OF TYPE.

*UNIT kW IS THE APPROXIMATE kW CAPACITY REQUIRED FOR A SPECIFIC LAMP AND ITS ASSOCIATED TRANSFORMER OR BALLAST
AS APPLICABLE.
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of each of these devices is contained in previous Table 1-2.—Roadway Illumination and Lamp Selection
training manuals. Guide

26.330.1X

STREETLIGHTING

Streetlighting at naval facilities usually need
not produce as high a level of illumination as that
required in many municipal areas. Because night
activity by vehicles and pedestrians is low, only
enough light is supplied to permit personnel to
identify streets and buildings and to furnish
sufficient visibility for local security requirements.
The streetlighting equipment used need not be as
attractive as that frequently installed in municipal
systems. It should be functional and of good
quality. These factors permit economical street-
lighting installations.

STREET AND AREA CLASSIFICATION

Streetlighting requirements generally consist
of a minimum average maintained footcandle
level and a maximum allowable uniformity ratio
for the installation. The authority for these
requirements is the American National Standards
Institute (ANSI)/Illumination Engineering Society
(IES) publication, Standard Practice for Roadway
Lighting. Another publication which may prove
helpful is Informational Guide for Roadway
Lighting, published by the American Association
of State Highway and Transportation Officials.
The only significant difference between the two
publications is that the latter allows a 4 to 1
uniformity ratio instead of the 3 to 1 uniformity
ratio specified by IES. These uniformity ratios are
defined as the ratio of the average footcandle
value divided by the minimum footcandle value.

Collector: The distributor and collector
roadways serving traffic between major and local
roadways. These are roadways used mainly for
traffic movements within residential, commercial,
and industrial areas.

LIGHTING INTENSITY

Local: Roadways used primarily for direct
access to residential, commercial, industrial, or
other abutting property. They do not include
roadways carrying through traffic.

The illumination and uniformity requirements
are given in table 1-2. Note that the illumination
level is dependent upon the roadway classification
and the area classification, which are defined in
the following material.

The locality or area is also defined by three
major categories: commercial, intermediate, and
residential.

Streets are classified into three major cate-
gories: major, collector, and local.

Major: The part of the roadway system
that serves as the principal network for through
traffic flow. The routes connect areas of principal
traffic generation and important rural highways
entering the city.

Commercial: That portion of a munici-
pality in a business development where ordinarily
there are large numbers of pedestrians and a heavy
demand for parking space during periods of peak
traffic or a sustained high pedestrian volume and
a continuously heavy demand for off-street
parking during business hours.

Intermediate: That portion of a munici-
pality which is outside of a downtown area but
generally within the zone of influence of a business
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or industrial development, characterized often by
a moderately heavy nighttime pedestrian traffic
and a somewhat lower parking turnover than is
found in a commercial area. This definition
includes military installations, hospitals, and
neighborhood recreational centers.

Residential: A residential development,
or a mixture of residential and commercial

establishments,- characterized by few pedestrians
and a lower parking demand or turnover at night.
This definition includes areas with single family
homes and apartments.

SELECTION OF LUMINAIRE

Luminaires are designed to provide lighting
to fit many conditions. For street and area
lighting, five basic patterns are available, as shown

Figure 1-9.—Light distribution patterns for roadway lighting.
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in figure 1-9. While many luminaires can be
adjusted to produce more than one pattern, no
luminaire is suitable for all patterns. Care must
be used, especially in repair and replacement, to
install the proper luminaire for the desired
pattern, as specified in the manufacturer’s
literature. Even when the proper luminaire is
installed, care must be used to ensure that all
adjustments have been properly made to produce
the desired results.

1. Type I (fig. 1-9a) is intended for narrow
roadways with a width about equal to lamp
mounting height. The lamp should be near the
center of the street. A variation of this (fig. 1-9b)
is suitable for intersections of two such roadways
with the lamp at the approximate center.

2. Type II (fig. 1-9c) produces more spread
than does Type I. It is intended for roadways with
a width of about 1.6 times the lamp mounting
height, with the lamp located near one side. A
variation (fig. 1-9d) is suitable for intersections
of two such roadways, with the lamp not near the
center of the intersection.

3. Type III (fig. 1-9e) is intended for
luminaires located near the side of the roadway

with a width of not over 2.7 times the mounting
height.

4. Type IV (fig. 1-9f) is intended for side-of-
road mounting on a roadway with a width of up
to 3.7 times the mounting height.

5. Type V (fig. 1-9g) has circular distribution
and is suitable for area lighting and wide roadway
intersections. Types III and IV can be staggered
on opposite sides of the roadway for better
uniformity in lighting level or for use on wider
roadways.

MOUNTING HEIGHT AND SPACING

There are two criteria for determining
a preferred luminaire mounting height: the
desirability of minimizing direct glare from the
luminaire and the need for a reasonably uniform
distribution of illumination on the street surface.
The higher the luminaire is mounted, the farther
it is above the normal line of vision and the less
glare it creates. Greater mounting heights may
often be preferable, but heights less than 20 feet
cannot be considered good practice.

26.338X

You must be somewhat familiar with the
terminology relating to how fixtures are located
down a roadway. Figure 1-10 shows these

Figure 1-10.—Luminaire arrangement and spacing.
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relationships graphically. The following
information will be useful when determining the
most appropriate mounting arrangements:

The transverse direction is defined as back
and forth across the width of the road, and the
longitudinal direction is defined as up and down
the length of the road.

Modern roadway fixtures are designed to
be mounted in the vicinity of one of the curbs of
the road. The overhang is defined as the
dimension between the curb behind the fixture and
a point directly beneath the fixture.

A luminaire overhang should not exceed
25 percent of the mounting height.

No attempt should be made to light a
roadway that is more than twice the width of the
fixture mounting height. A roadway luminaire
produces a beam in both longitudinal directions
and is limited in its ability to light across the
street.

There are three ways that a luminaire may
be positioned longitudinally down the roadway.
(See fig. 1-10.) Note that the spacing is always the
dimension from one fixture to the next fixture
down the street regardless of which side of the
street that fixture is on.

A staggered arrangement generates better
uniformity and possibly greater spacing than a
one-side arrangement. This is particularly true
when the width of the road becomes significantly
greater than the mounting height. When the width
of the road starts approaching two mounting
heights, an opposite arrangement should definitely
be considered. This would, in effect, extend the
two-mounting-height width limitation out to four
mounting heights.

The classification of a road and the corre-
sponding illumination levels desired influences the
spacing between luminaires. On a residential road
it may be permissible to extend the spacing so that
the light beams barely meet (fig. 1-11). For traffic
on business roadways where uniformity of
illumination is more important, it may be
desirable to narrow the spacing to provide 50- to
100-percent overlap.

Figure 1-11.—Pavement brightness.

MANUFACTURER’S LITERATURE

The performance specifications of each model,
type, and size of luminaire are provided with the
fixture or obtained from the manufacturer’s
ordering information. A working knowledge of
this information will assist you in selecting and
installing the correct luminaire to accomplish the
job. Figure 1-12 is the manufacturer’s literature
provided with a General Electric, 250- or 400-watt,
Lucalox® streetlight.

Utilization Curve

The utilization curve (fig. 1-12a), a measure
of luminaire efficiency, shows the amount of light
that falls on the roadway and adjacent areas. The
amount of light that is usable or actually falls on
the area to be lighted is plotted as a percentage
of the total light generated within the luminaire
for various ratios of transverse distance (across
the street from the luminaire on both the house
side and street side) to the mounting height

1-14



26.339X
Figure 1-12.—Streetlight manufacturer’s literature.
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(see fig. 1-13). The coefficient of utilization for
any specific situation is obtained from this curve.
The utilization curve will determine the amount
of light that actually strikes the roadway surface.
This percentage of light has an impact on the
spacing distance of the luminaires.

Isofootcandle Curves

The isofootcandle diagram (fig. 1-12b) shows
the distribution of illumination on the road
surface in the vicinity of the luminaire.

The lines on this diagram connect all points
having equal illumination, much as the contour
lines on a topographical map indicate all points
having the same elevation. Thus at any point on
the diagram (or roadway) we know the magnitude
and direction, with respect to nearby points. To
make this data more universal, both the top
horizontal and left vertical axes are given in terms
of mounting-height ratios.

It is sometimes convenient for you to replot
the isofootcandle data to the same scale as that
used on a drawing containing a lighting layout.
By superimposing this diagram, you can study the
distribution of light. Under the unity correction
factor in the mounting-height table, one can find
the mounting height for which the data are
calculated.

The numbers beside each line represent the
initial footcandle values per 1,000 lamp lumens.
For instance, the GE, 400-watt, Lucalox® lamp
produces 50,000 lumens. Each footcandle value
must be multiplied by 50 to obtain the correct
footcandle value on the isofootcandle diagram.
This ratio of actual lamp lumens divided by
1,000 is known as the lamp factor (LF). Note that
this allows a curve to represent the distribution
from more than one lamp wattage; for example,
from 250- and 400-watt Lucalox® lamps.

26.330.2X
Figure 1-13.—Luminaire utilization.
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Maintenance Factor

Lighting efficiency is seriously impaired by
blackened lamps, by lamp life, and by dirt
on the reflecting surfaces of the luminaire. To
compensate for the gradual loss of illumination,
a maintenance factor (MF) must be applied to the
lighting calculations.

Normally, each luminaire manufacturer can
supply you with the maintenance factor for your
lamp model. However, when the manufacturer’s
information is not available, a 0.70 maintenance
factor is widely used in the industry.

LIGHTING INTENSITY
CALCULATIONS

Achieving the most satisfactory solution for
any given lighting problem requires sound
judgment in making necessary compromises of all
factors involved.

Selection of the luminaire can be influenced
by budget constraints, present stock levels in the
Federal Supply System, and availability. Once the
luminaire is selected, it is important that you use
the manufacturer’s literature to determine the
number of luminaires, mounting height, and
spacing required to produce the desired
illumination intensity.

Using the manufacturer’s literature supplied
in figure 1-12, let’s solve this sample problem:

Find:

1. One-sided spacing required to provide
specified illumination

2. Uniformity of illumination

Given: (See fig. 1-14.)

Street width, 50 feet

Mounting height, 40 feet

Pole setback from curb, 2 feet

Bracket length, 12 feet

Required average maintained level of
illumination, 2 footcandles

GE, 400-watt, Lucalox® luminaire (50,000
lamp lumens)



26.330.3X
Figure 1-14.—Streetlight sample problem.

Solution:

1. Spacing. The equation to determine correct
spacing is

Spacing (S) =
(LL) (MF) (CU)

(fc) (W)

Where:

LL = rated initial lamp lumens

MF = maintenance factor

CU = coefficient of utilization

fc = illumination in footcandles

W = street width, curb to curb

The values are given for LL (50,000), MF
(assume 0.70), W (50), and fc (2). After a value
for CU is determined, you can solve the equation
for average spacing.

To determine the coefficient of utilization, it
is necessary to calculate the amount of wasted
light on the street side (SS) and the house side (HS)
where:

Ratio of House Side (HS) = Transverse Distance =Mounting Height

10
40 = 0.25

Ratio of Street Side (SS) = Transverse Distance =Mounting Height

50 - 10 40
40 = 40 = 1.0

From the utilization curve in figure 1-15, the
ratio of 1.0, street side, corresponds to 40 percent,
and the ratio of 0.25, house side, corresponds to
3 percent, for a total of 43 percent CU.

Spacing can be determined as

S = (50,000) (0.70) (0.43)
(2) (50)

= 150 feet

2. Uniformity.

The uniformity of illumination is expressed in
terms of a ratio of

Average fc
Minimum fc

It has been determined that one-side spacing
of 150 feet will produce an average of 2
footcandles on the roadway surface. The point
of minimum illumination can now be determined
from the isofootcandle diagram.

The minimum value of the illumination can
be found by studying the isofootcandle diagram
and taking into account all luminaires that are
contributing significant amounts of light.
Generally, the minimum value will be found along
a line halfway between two consecutively spaced
luminaires. This can be determined by checking

26.340X

Figure 1-15.—Utilization curve.
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Figure 1-16.—Streetlight layout.
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Figure 1-17.—Isofootcandle curve.
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the minimum footcandle values at points P1, P2,
and P3, as shown in figure 1-16.

The roadway surface can be plotted on the
isofootcandle curve by observing the 40-foot
mounting height to longitudinal and transverse
distance ratios. (See fig. 1-17.) Since P1 is located
outside the 0.02 footcandle line, it is the lowest
total footcandle value. This value would be
0.03 fc (0.015 footcandle from each luminaire).

Figure 1-18 shows a perspective view of the
two isofootcandle lines that are considered when
determining the illumination value at P1.

The following factors are now applied to this
“raw” footcandle value as shown in the formula:

fc min = (fc) (LF) (MF) (CF)

Where:

fc min = minimum point footcandles

fc = raw footcandle from isofootcandle
diagram

LF = lamp factor

MF = maintenance factor

CF = mounting height correction factor

earlier as 50 for the GE, 400-watt, Lucalox® lamp.
The CF factor can be determined from the
correction chart below the isofootcandle curve in
figure 1-12. ‘The CF for a 40-foot mounting height
is 0.56.

The minimum point footcandles are

fc min= (0.03) (50) (0.70) (0.56) = 0.58

Therefore, the average-to-minimum ratio of
uniformity would be

2 fc
0.58 fc = 3.4

A uniformity ratio of 3.4 meets the ANSVIES
recommended roadway illumination levels (table
1-2) for a major, commercial roadway.

There are a number of charts and illustrations
together with typical examples dealing with
roadway complexities that require special con-
siderations, such as intersections, interchanges,
curves, hills, underpasses, railroad crossings, and
many others. Helpful information in this area may
be obtained from the IES Lighting Handbook.

FLOODLIGHTS

The values are given for fc (0.03) and MF
(assume 0.70). The value for LF was determined

Streetlighting systems usually give lighting
intensity from .01 to 0.5 footcandle; however, this
value is too low for any night activity requiring

26.330.5X
Figure 1-18.—Roadway perspective view.

1-19



Table 1-3.—Recommended Intensities for Specific Night Activities

26.341X
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good visibility. Table 1-3 gives recommended
illumination intensities for specific night activities.
The following suggestions should be followed to
improve the efficiency of floodlighting systems:

•   Select floodlight locations so beams strike
the surface to be illuminated as nearly perpen-
dicular as possible.

2. Class GP (General Purpose)—Enclosed
with a one-piece housing with the inner surface
serving as a reflector and the outer surface being
exposed to the elements.

3. Class O (Open)—One-piece housing with-
out cover glass.

4. Class OI—Same as Class O except with an
auxiliary inner reflector to modify the beam.

•  When lighting irregular surfaces, use two The suffix letter B should be added to the
or more floodlights to reduce sharp shadows above class designations to indicate an integral
caused by surface contour. ballast when required.

•   For lighting extended horizontal surfaces,      Example: A heavy-duty floodlight with an
such as work areas, mount floodlights high integral ballast would be designated as a Class
enough to minimize glare. HDB floodlight.

•   For lighting extended vertical surfaces,
such as smoke stacks or towers, mount floodlights
so distance between floodlights or groups does not
exceed twice the distance from the floodlight to
the illuminated surface.

•   Use a smaller number of large floodlights
instead of a larger number of smaller floodlights.

The beam spread can be described in degrees
or by NEMA types (fig. 1-19). The beam spread
is based on the angle to either side of the aiming
point where the candlepower drops to 10 percent
of its maximum value. The lamp and floodlight
NEMA type is given in the upper left-hand corner
of each isofootcandle diagram.

SELECTION OF LUMINAIRE

The National Electrical Manufacturer’s Asso-
ciation (NEMA) has classified floodlighting lumi-
naires into four classes according to construction:

1. Class HD (Heavy Duty)—Enclosed with an
outer housing into which is placed a separate and
removable reflector, or an enclosure in which a V
separate housing is placed over the reflector.

The NEMA type should only be used as a
reference. It does not describe the shape of the
light pattern the floodlight produces or the peak
illumination level (footcandles). Symmetrical
floodlights have the same horizontal and vertical
beam spread and are classified with one NEMA
number. Asymmetrical beam spreads have a
horizontal (H) and a vertical (V) designation. The
horizontal value is always given first.

Example: NEMA TYPE
H
7

×
6

Beam NEMA
Spread Type
Degrees Designation

10 up to 18 1 —
18 up to 29 2
29 up to 46 3
46 up to 70 4
70 up to 100 5

100 up to 130 6
130 and up

Beam
Description

very narrow
narrow
medium narrow
medium
medium wide
wide

7 very wide

High-Intensity
Discharge

Min. Beam Efficiency, Percent

Incandescent
and

Tungsten
Halogen

38
40 30
46 34
50 38
54 42
56 46
60 50

26.341.1X
Figure 1-19.—Luminaire designations.
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MOUNTING HEIGHT AND SPACING

The size of the area to be illuminated has a
direct effect on determining the number and
spacing of the poles. The suggested area that can
be covered by a single pole is four times the
mounting height. This is known as the “2X-4X”
rule.

Areas lighted from interior poles or other
central locations (fig. 1-20a) can be more
economical, but perimeter locations are also
desirable to provide needed visibility at entrances
and exits. In the case of perimeter poles (fig.
1-20b), if corner locations are not used, the
distance from any side location to the edge of the
area should not exceed twice the mounting height.

limited to only one side of the area to be lighted
(fig. 1-20c), the system will be effective for a
distance of only two mounting heights unless glare
is not a determining factor.

According to the 2X-4X rule, the spacing is
determined to be, from the corner to the first pole,
two times the mounting height (X). The next pole
is set four times this mounting height (X), and
the CE will continue in this manner until reaching
the last pole, which also is to be set two times the
mounting height from the far corner. This rule
can be used to calculate the minimum number of
poles. For long, narrow areas, it is better to choose
several short poles than one tall one, especially
since pole costs increase substantially above 40
feet. It is wise to consider several alternatives,
however, to determine the system with the lowest

If building-mounted luminaire locations are cost.

26.342X
Figure 1-20.—2X-4X mounting height rule.
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If the pole is located inside the area to be
lighted, there should be at least three floodlights
or two streetlights per pole. For one side perimeter
mounting, there should be two floodlights or one
streetlight per pole.

FLOODING AIMING

When a fixture is aimed at the surface
at an angle other than perpendicular, the
maximum lighting level will always occur behind
the aiming point, or point of maximum candela.
This is important to know when the fixtures
are placed close to the base of a tall structure.
In this case the highest lighting level will
occur at the base even though the fixture is aimed
at the top.

For vertical aiming, the aiming point should
be two-thirds to three-fourths the distance across
the area or twice the mounting height, whichever
is the lowest value. Higher aiming angles will not
improve utilization and uniformity. (See fig.
1-21.)

The highest light level (vertical and horizontal)
a floodlight can produce at a distance from the
pole occurs when the maximum intensity or
candlepower is aimed to form approximately a 3,
4, 5 triangle. (See fig. 1-22.) This is useful when
determining pole height for area lighting or
setback for building floodlighting.

Floodlights with NEMA 6 or 7 horizontal
beams will effectively light an area 45° to either
side of the aiming line. In figure 1-23, the
perimeter pole needs at least two floodlights to
cover the area in all directions. Narrower beam
floodlights require less separation to achieve
uniform lighting.

Figure 1-21.—Vertical aiming.
26.342.1X

26.342.2X
Figure 1-22.—Maximum candlepower of illumination.

Select lighting fixtures with a beam spread
greater than the area being lighted. Where several
units are required, good lighting overlap occurs
when the edge of the beam of one fixture coincides
with the aiming point of the adjacent fixture.

By examining the shape (beam spread) of the
lighting pattern emitted by the fixture, you can
begin the process of selecting the NEMA type
floodlight best suited for the application.

Horizontal and vertical lumen distribution is
stated on each photometric test. Generally, the
more concentrated the luminous intensity
(candela), the tighter the beam spread. For
instance, the NEMA Type 2 Power Spot® flood-
light has a beam spread of 22° horizontal by
21° vertical, whereas a NEMA Type 5 has
a beam spread of 77° horizontal by 77°
vertical. The isofootcandle diagrams shown in

26.343X
Figure 1-23.—Horizontal aiming.
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figure 1-24 compare 1,000-watt metal halide
Power Spot® luminaires of NEMA Type 2 and
Type 5 when each luminaire is aimed out a
distance of twice its mounting height.

The initial footcandle level at the aiming point
of different NEMA Types varies a great deal. For
example, assume that each luminaire is mounted

at a 50-foot mounting height and aimed 100 feet
(2 x MH) directly in front of its location. If you
are using a NEMA Type 2 distribution, the
approximate initial footcandle level at that point
would be 20; however, if you are using a NEMA
Type 5 distribution, the initial footcandle level
would be approximately 1.5.

26.343.1X
Figure 1-24.—Isofootcandle diagrams.
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By understanding the intensity of the lighting
pattern, we can now appreciate the need for a
range of distribution patterns.

MANUFACTURER’S LITERATURE

The performance specifications of each model,
type, and size of luminaire are provided with the
fixture or obtained from the manufacturer’s
ordering catalog. A working knowledge of this
information will assist you in selecting and
installing the correct floodlight to accomplish the
job. Figure 1-25 shows the manufacturer’s
literature provided with a General Electric,
250- to 1,000-watt, Lucalox®, HLX Power-
flood® luminaire.

ISOFOOTCANDLE DIAGRAMS

The isofootcandle diagrams show what the
light level will be at any given point. The

dimensions for the diagram are based on the
mounting height (MH) of the floodlight. The
aiming point ( ) is also based on the mounting
height. Figure 1-25 provides a diagram for
mounting heights of MH × 0.5, MH × 1, and
MH × 2.

The grid pattern is also based on the mounting
height. The grid line values left and right give the
distance to either side of the floodlight. The values
up the side show the distance in line with the
aiming direction of the floodlight. The number
3, for instance, represents 3 × 40, or 120, feet
from a 40-foot mounting height.

Each isofootcandle line shows where the
footcandle level is the same. These lines are
identified by a letter, which is used with the initial
footcandle (fc) table. The footcandle values
between isofootcandle lines do not change more
than 2 to 1. This makes it possible to approximate
the level between lines.

The initial footcandle table gives the foot-
candle value for each isofootcandle curve at a
specific mounting height. The values for each

26.343.2X

Figure 1-25.—Floodlight manufacturer’s literature.
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letter are the same on each set of curves. This
makes it possible to compare diagrams directly
and interpolate between curves for different
aiming distances.

The mounting heights given in the table are
representative of the wattage and beam pattern
associated with the floodlight. To convert to other
mounting heights, use the following formula:

OLD NEW
(FROM CHART) (FROM CALCULATION)

(fc)(MH2)
=

(fc)(MH2)

For example, a 5-footcandle level at 50 feet
(isofootcandle curve F) would have a value of 4.13
at a 55-foot mounting height.

fc =
(N)(LL)(CU)

AREA

(5)(502) = (fc)(552) fc = 4.13

In figure 1-25 (aiming point MH × 2), the
floodlight is aimed a distance of two mounting
heights away from a point on the ground directly
below the floodlight. This would be 80 feet for
a 40-foot mounting height.

UTILIZATION GRAPH

The luminaire utilization graph gives the
percentage of the initial lamp lumens that fall into
the area being lighted. Knowing this, you can
easily determine the average lumens per square
foot, or footcandles.

The number beside each curve identifies the
aiming point so that the utilization curve can be
identified with the associated isofootcandle
diagrams. In the example, for instance, the
floodlight aimed two mounting heights away from
the pole would have a utilization of 35 percent
if it were lighting an area three mounting heights
wide. The same floodlight aimed at one mounting
height away from the pole would have a utilization
of 45 percent for the same area.

MAINTENANCE FACTOR

Lighting efficiency in floodlighting, as in
streetlighting, is seriously impaired by blackened
lamps, by lamp life, and by dirt on the reflecting
surfaces of the luminaire. A maintenance factor
(MF) must be applied in the lighting calculations
to compensate for the gradual losses of illumina-
tion on the lighted area.

The following maintenance factors have been
widely used in industry when manufacturer’s
information is not available:

Enclosed floodlamps, 0.76

Open floodlamps, 0.65

LIGHT INTENSITY CALCULATIONS

There are a number of ways by which to
determine luminaire requirements. Since most
methods would require an engineering back-
ground, we will only discuss the basic area lighting
design considerations that you, as a Construction
Electrician, can perform in the field if engineering
assistance is not available. To better understand
how the calculations are performed, solve this
sample problem:

Determine the average initial light level
in a 160-foot × 160-foot material storage yard
using two NEMA 6 × 5 HLX 1,000-watt
Lucalox® floodlights.

Solution:

1. Apply the 2X-4X rule (see fig. 1-26) to
determine spacing and mounting height. A 40-foot
mounting height provides MH x 2 or an
80-foot aiming distance.

2. The formula used to calculate the average
initial light level (fc) is as follows:

26.343.3X
Figure 1-26.—Material yard sample problem.
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where:

N = number of floodlights

LL = initial lamp lumens

CU = utilization of the floodlights

From the utilization data (fig. 1-25), you can
find that the utilization for the HLX luminaire
aimed at two mounting heights across an area 160
feet or four mounting heights wide is 38 percent.
The initial lumens for the 1,000 watt lamp is
140,000 lumens, obtained from the manufac-
turer’s literature. Substituting in the formula,

fc = (2)(140,000)(0.38)
(160)(160) = 4.2 fc

The maintained light level is obtained by
multiplying the initial light level by the mainte-
nance factor.

fc = (4.2)(0.75) = 3.15 fc

Using the isofootcandle diagram, we obtain
point by point footcandle values. For example,
the center of the area occurs just inside isofoot-
candle line E. From the initial footcandle table,
the 1,000-watt Lucalox® HLX at 40 feet produces
3.1 footcandles at line E and 7.8 at line F. Since
the point is approximately one-fourth of the
distance between the two isofootcandle lines, the
value will be about 4.0 foot-candles. With the two
floodlights contributing, the value in the center
will be 8.0 footcandles. Note that the corners of
the area will have very little light. This is why two
or more floodlights are recommended at perimeter
locations.

Another design method that will yield
sufficient accuracy is the quick selector design
method. The general layout considerations shown
in figure 1-26 should be followed. The watts per
square foot obtained from the graph in figure 1-27
produce an average lighting level accurate to

26.344X
Figure 1-27.—Lamp watts per square foot chart.
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within 20 percent of desired value. This is close
enough since the difference between the luminaire
requirement obtained from the graph and the
number that will actually be needed to satisfy the
physical requirements of the job involve
adjustments greater than 20 percent. It is not
unusual, for instance, to need two poles instead
of one or to require three luminaires per pole
instead of two. This calculation method should
not be used for sports lighting or where the poles
are set back from the area to be lighted.

Before determining the number of luminaires,
you should work out the size of the lighted area
location of the luminaires. Also, you should
determine the maintained illumination level. The
following rules of thumb provide some guidelines
to help in these decisions.

Approximate required lamp watts/square
foot.

1. From table 1-3, you find that the minimum
average footcandles recommended for industrial
yard/material handling is 5.

2. Read up the left side of the graph in
figure 1-27 until you come to 5.0. Follow this line
across until you intersect the dark diagonal line
representing Lucalox®.

3. By reading straight down from this
intersection to the value at the bottom of the
chart, you find 0.095 lamp watts/square foot of
the area is required to light the yard to 5
footcandles.

4. Area to be lighted is (160)(160) = 25,600
square feet.

5. Multiply 25,600 by 0.095 = 2,432 lamp
watts.

2,432 is more than two 1,000-watt
Lucalox® lamps

2,432 is approximately equal to six
400-watt Lucalox® lamps

2,432 is approximately equal to ten
250-watt Lucalox® lamps

6. By using the general layout considerations,
you will find that the most economical floodlight
installation will use the 400-watt Lucalox® lamps,
mounted on 40-foot poles as shown below.

2X + 2X = 4X = 160 feet

X 160 feet= 4 = 40 feet MH
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SECURITY LIGHTING

Requirements for security lighting at activities
will depend upon the situation and the area to be
protected. Each situation requires careful study
to provide the best visibility that is practical for
such guard duties as identifying personnel and
vehicles, preventing illegal entry, detecting
intruders, and investigating unusual or suspicious
circumstances.

The type of security lighting may be either the
continuous or the standby type. The continuous
type, as the name implies, is on all the time
during the hours of darkness. The standby type
is activated either manually or automatically
when suspicious activity is detected.

SECURITY AREA CLASSIFICATION

The installation of security lighting is set forth
in OPNAVINST 5530.14A, United States Navy
Physical Security Manual.  It  provides
specifications on searchlights and minimum
footcandle requirements under given situations.
The illumination of boundaries, entrances,
structures, and areas must be according to the
security manual.

LIGHTING CONTROL

Each security lighting system is designed to
meet a particular activity’s needs. The design is
such that it provides the security required at
maximum economy.

Multiple circuits may be used to advantage
here. The circuits are so arranged that the failure
of any one lamp will not darken a long section
of the area. The protective lighting system should
be independent of other lighting systems and
protected from interruption in case of fire.

The switches and controls of the system should
be locked, and/or guarded at all times. The most
effective means is to have them located in a key
guard station or central station similar to the
system used in intrusion alarm central station
installations.

ALTERNATE POWER SOURCES

In general, any security area provided with
protective lighting should have an emergency
power source located within that security area.
The emergency power source should be adequate
to sustain all security requirements and other
essential service required within the security area.



Provisions should be made to ensure the plans must provide for responsible personnel to
immediate availability of the emergency power in respond immediately in times of emergency. In
the event of power failure. Security force addition, battery-powered lights and essential
personnel should be capable of operating the
power unit. If technical knowledge prevents this,

communications should be available at all times
at key locations within the secure area.
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CHAPTER 2

AIRFIELD LIGHTING

As a Construction Electrician, first class petty
officer, you may be responsible for supervising
the installation of expeditionary airfield lighting
and any repairs or maintenance required to that
installation as well as to permanent advanced base
launch and landing facilities.

Since the SEABEES’ existence is based on
being used in contingency operation, you, as an
electrician, should know the equipment and
components of such a contingency lighting
system; the “expedient airfields assembly, 30300,”
as taken from the advanced base functional
component kit listings, is such a package. If the
world situation should develop to a point where
the SEABEES are alerted and tactical air support
is required, such a kit, plus portable generators,
must accompany you to the forward area. For
contingency operations, the types of airfields used
may be any of the following:

1. Vertical takeoff and landing (VTOL)
airfields

2. Vertical short takeoff and landing
(VSTOL) airfields (600 and 1,800 feet)

3. Strategic Expeditionary Landing Field
(SELF)

4. Expeditionary airfield (EAF)

The scope of this chapter is not so much to
provide details on the electrical systems used at
each of the above-mentioned airfields, but to
acquaint you with the systems’ components and
their functions for both expeditionary and the
permanent type of airfields. Normally, the VTOL
airfield is an installation made of aluminum
matting and is used as a forward landing field by
either helicopters or harrier type of aircraft,
whereas the VSTOL airfield, also an aluminum-
matted installation, is usually used as a forward
operational facility. The SELF is used by

high-performance aircraft, such as the F4
Phantom, the A4 Skyhawk, or the F14 Tomcat,
and is also used as a forward air facility. The EAF
is similar to the SELF, only with a longer runway.

AIRFIELD LIGHTING SYSTEMS

Airfield lighting systems are designed to aid
the pilots during launch, recovery, and taxi
operations. These systems date back to the
smudge pots and the burning of brush piles to help
guide pilots into safe landings. Through the years,
the methods of lighting airfields have become
more sophisticated. The lighting systems today
must have the light properly distributed, have light
controls, and also have the ability to define certain
areas by means of different colored lenses and
filters inside of the lighting fixtures.

The patterns and colors of the lights, as well
as the markings, at each airfield must be uniform
to enable the pilots to interpret what is seen and,
then, to react almost automatically. To ensure that
these airfield lighting standards are met, the
Federal Aviation Administration (FAA) has been
tasked with making these standards and with the
policing authority within the United States; in
addition, the FAA’s standards are used in airfields
constructed by the military overseas.

The design of airfield lighting systems must
provide for locating an obstructional warning
system, runway and approach markings, and
taxiway and parking facility markings.

AIRFIELD LAYOUT

The VTOL forward operating site is a portable
airfield of minimum size designed for operations
dependent upon logistic or tactical support by
helicopters and other vertical takeoff or landing
aircraft. The field consists of a surface pad 72 feet
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square, as shown in figure 2-1, view A, without
lighting, communications, or recovery systems.

A VSTOL facility is a portable airfield capable
of providing support to VSTOL fixed-wing
aircraft as well as helicopters. The field consists
of a surfaced runway 900 feet long and 72 feet
wide and turnoff, parking, and maintenance
areas. The nature of the aircraft to be serviced
precludes the necessity for arresting gear;
however, a field lighting system and a communica-
tions system are supplied to provide suitable
aircraft recovery capability. A VSTOL facility can
readily be converted to a VSTOL air base.

A VSTOL air base is a portable airfield
capable of providing support for VSTOL fixed-
wing aircraft as well as helicopters. The field
consists of a surfaced runway 1,800 feet long and
72 feet wide and turnoff, maintenance, and
parking areas to accommodate up to twelve
aircraft. From the VSTOL air base assets,
plans are provided from which three VSTOL
FACILITIES can be constructed. The VSTOL air
base can support at least one squadron of
light VSTOL attack aircraft and a number of
helicopters. The nature of the aircraft serviced by
the VSTOL air base precludes the necessity for
arresting gear; however, a field lighting system,
a Fresnel lens optical landing system (FLOLS),
and a communications system are incorporated
to provide suitable aircraft support. A VSTOL
air base may readily be converted to an expedi-
tionary airfield (EAF).

The EAF is a portable airfield that provides
a surfaced runway 5,200 feet long and 96 feet
wide, as shown in figure 2-1, view D, and parking
and maintenance areas for up to six squadrons
of light-to-medium fighter/attack aircraft, in
addition to a complement of reconnaissance
aircraft and helicopters. The field includes two
M-21 aircraft recovery systems, two FLOLS, and
field lighting and communications systems. An
EAF may readily be converted to a strategic
expeditionary landing field (SELF).

The SELF is a portable airfield that provides
a surfaced runway 8,000 feet long and 96 feet
wide, as shown in figure 2-1, view E. The SELF
is a pre-positioned war reserve (PWR) setup.
The airfield provides turnoff, maintenance,
and parking areas to accommodate up to six
squadrons of light-to-medium fighter/attack
aircraft, a detachment of KC-130 tanker aircraft,
and various transient logistic support aircraft. The
SELF configuration includes two M-21 aircraft
recovery systems as well as two FLOLS and field
lighting and communications systems.

AIRFIELD LIGHTING VAULT

The beginning of the airfield lighting system
is the airfield lighting vault. The primary power
feeder enters the vault and supplies power to all
of the major components. These components, in
turn, control and operate the airfield lights. The
vault houses the high-voltage power cables, the
current regulators, the relay cabinets, and the
control panels.

The control cables are installed between the
vault and the control tower or other control
points. The high-voltage cables are connected to
the regulators and run out to the lights. The
lighting control panels are used to give local/
remote control of the system. The same type of
remote control panel that is in the vault should
also be installed in the control tower.

The airfield lighting vault should be about
3,000 feet from the runway. This distance ensures
that no interference will occur with the airfield’s
operations, and still it is not so far away that
voltage drops might cause a problem. The lengths
of the control circuits between the control
tower and the vault are limited by operational
characteristics; for example, size of field,
obstructions, and so forth. The minimum distance
is 350 feet; this is to prevent the equipment in the
vault from causing radio interference. If the
control cable leads terminate into actuating coils
of relays in the pilot relay cabinet, the maximum
distance is 7,350 feet.

Safety

The airfield lighting vault should have certain
items of safety equipment on hand and affixed
to a board. This board should be in open display
and easily accessible. It should be a minimum of
1/2 inch thick and 4 by 4 feet in width and length.
The color should be dark green with white letters
and borders.

On this board, some of the safety items you
should have are as follows:

1. Operating instructions for the equipment
in the vault

2. Resuscitation instructions
3. A phone and a list of emergency phone

numbers
4. A first-aid kit
5. A switch stick with a minimum length of

5 feet, and a 300-pound pull ability
6. A hemp rope, 1/2 inch thick, with a

minimum length of 15 feet
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Figure 2-1.—Field arrangement direct installation.
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7. Insulated fuse pullers (for secondary

8. A nonmetallic-encased flashlight marked

9. A shorting stick
10. Rubber gloves

cartridge fuses)

with luminescent tape to aid in its
location in the dark

For the safety of personnel, the airfield
lighting vault must be grounded. This may be
accomplished by using two 1/2-inch-diameter,
8-foot-long, copper-plated electrodes, driven into
the ground about 8 feet apart and connected in
a loop with the vault or ground cable part of the
ground grid. This typical connection is shown in
figure 2-2.

Power Supply

In many cases, the power supply will not be
all high or low voltage; in fact, in many
expeditionary airfields, the system may be a
combination of high and low voltage. However,
if you are assigned to a naval air station, chances
are that you may be required to maintain
high-voltage airfield lighting systems. Basically,

Figure 2-2.—Vault grounding arrangement.

the systems are identical, but because of safety
requirements, the high-voltage systems will have
a few variables. As an example, take the isolation
transformer (IT) in the high-voltage system; it
serves to step the voltage down, but its primary
purpose is to prevent an opening in the primary
series loop when a lamp failure occurs. In a
low-voltage system, the transformer is usually a
2:1 or 1:1 ratio unit that serves to maintain a
closed loop, the same function as the one in the
high-voltage system. Even though we will be
talking primarily about high-voltage systems most
of the time, the functions of the components will
apply to either system.

In the 2,400/4,160-volt system, the four-wire
wye primary source is usually from the base
electrical system by means of either an overhead
or an underground line. Inside the vault, the lines
are connected to a suitable switch, then to a bus
system consisting of heavy metal bars that are
supported on insulators. This bus system may be
mounted on either the wall or the ceiling.

The bus is divided into a high-voltage
(2,400-volt) bus and a low-voltage (120/240-volt)
bus for service as follows: The 2,400-volt bus
supplies all of the 2,400-volt regulators and one
or more distribution type of transformers. The
distribution transformers supply 240 volts to the
low-voltage bus that is connected to the regulators
operating from this lower voltage as well as for
light and power inside the lighting vault.

Where an emergency power supply is available
for airfield lighting, a changeover switch makes
the primary connection to the bus. This change-
over switch in its normal position connects the bus
to the base power source. Changing the switch to
the emergency operation position connects the bus
to the emergency power and, at the same time,
disconnects the base power source.

Emergency power can be supplied by a
completely automatic engine-driven generator.
For example, failure of the base power causes the
engine to start. In a matter of seconds, the
changeover switch automatically shifts to the
emergency position, connecting the generator to
the airfield lighting bus.

At many advance bases, this automatic feature
may not exist. Then, you become its replacement.
The generator should have a kilowatt (kW) rating
capable of handling the airfield lighting systems,
runway edge lights, threshold lights, approach
lights, distance markers, optical launching system
(OLS), and other circuits that may be used. The
generator is three phase; its voltage output varies
from 120/240 volts delta or 120/208 volts wye to
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2,400/4,160 volts, and it has to be capable of
being operated at frequencies of 50 or 60 hertz
(Hz).

Constant-Current Regulator

Runway lighting systems are supplied from
series circuits served by constant-current
regulators (CCRs). Each lighting circuit on the
airfield has a separate regulator. The CCRs
maintain the output current throughout its rated
output value, depending on the load. Some of the
regulators are equipped with brightness controls.
These brightness controls adjust the brightness of
the lamps in the lighting system to compensate
for visibility conditions.

The CCR uses solid-state devices to maintain
a constant-current level in its respective lighting
system. The regulators are silicon-controlled
rectifiers (SCRs) in a feedback circuit to obtain
a constant-current output instead of resonant
circuits, moving transformer elements, or
saturable reactors. The SCRs are controlled to
vary the part of a cycle during which the current

is permitted to flow into the load circuit. In the
load circuit, the current is maintained constant
at any value preset with the brightness control by
means of a feedback circuit as the load resistance
is varied from maximum to zero. The block
diagram (fig. 2-3) shows the elements constituting
the regulator. Load current is measured by the
current transformer and the Hall unit or multiplier
unit, which has an output voltage proportional
to the square of the load current. The Hall or
multiplier output is filtered and fed into the input
of an amplifier and compared with an input from
a brightness control potentiometer. The output
voltage is a function of the difference between the
two inputs. The output voltage is applied to the
input of the gate pulse generator that determines
the condition angle of the SCRs and changes it
to bring the system to equilibrium. Transient
overload protection is provided for the semi-
conductor element of the Hall unit. Open-circuit
protection is provided when no current is drawn
by the load and the brightness potentiometer
output voltage is any value other than zero. Under
these conditions, the SCRs will be prevented from

Figure 2-3.—Block diagram of constant-current regulator.
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conducting, and the output voltage to the load
will be zero.

Remote Control

The airfield lighting systems may be operated
completely by the remote control panel assembly.
The only operation required at the electrical
distribution vault is to ensure that all circuit
breakers are engaged, the regulators are set
for remote operation, and the load switches
are in the ON position. As the electrician, ensure
that the unit is installed properly and that the
different levels of light intensity desired can be
achieved. Figure 2-4 is a typical view of a remote
control unit that you may encounter in the
installation of a contingency airfield lighting
system.

The unit uses 120 volts as the control voltage
with low-burden pilot relays to compensate for
the voltage drop caused by the long distances
usually found between the control tower and the
vault. In this type of control system, the switches
on the control panel actuate low-burden relays;
these, in turn, actuate the power switches,
contactors, and the relays controlling the
regulators that supply the airfield lighting
circuits.

Both the tower and vault control panels are

cabinet” located in the vault. This is shown in
figure 2-5 with a single line representing the
control cable. The transfer-relay can connect
either control panel to the pilot-relay cabinet. It
can switch the system control from the tower to
the vault or from the vault to the tower. The
transfer relay has an eight-pole, double-throw,
transfer-relay assembly unit. This unit is actuated
by a toggle switch.

The low-burden pilot relay is designed to
operate at a wide range of voltages lower
than the designed 120-volt ac rating. The pilot
relay can be actuated at voltages from 50 to 90
volts ac.

The standard control cable is a seven-
conductor, 600-volt, Buna-insulated, polychloro-
prene-sheathed cable. One conductor (black) is
a No. 12 American wire gauge (AWG), and the
remaining conductors are No. 16 AWG. The No.
12 conductor is the hot lead, and the No. 16s, the
“switch legs.”

LIGHTING CIRCUITS

Several different lighting circuits are used on
airfields: runway edge lighting circuits, taxiway
lighting circuits, approach lighting circuits,
obstruction lighting circuits, beacon lighting
circuits, and the condenser discharge circuits,

wired into a double-throw “transfer-relay which will be covered separately.

Figure 2-4.—Typical remote control panel operating controls.
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Runway Edge Lights

Runway edge lighting is designed to show the
width and length of the usable landing area; there
are two rows of lights, one row on each side, that
run the length of the runway. The light they

give off is aviation white (clear). The edge lights
are installed not more than 10 feet from the edge
of the full-strength runway paving. Both lines of
lights will be the same distance from the runway
center line. It is best if the lines of lights are
located as close to the runway as the base

Figure 2-5.—Airfield lighting control system.
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mounting for the lights allows. The lights are
equally spaced along the runway at distances not
to exceed 200 feet. (See fig. 2-6.)

The runway lighting controls are set up so that
the lights on intersecting runways cannot be on
at the same time. Also, the controls must turn all
the light systems of one runway on at the same
time. The runway edge lights are controlled so all
the lights are the same brightness. In a high-
intensity system, threshold lights are one step
higher than the runway edge lights, except when
the runway edge lights are at full brightness. At
this time, the runway edge lights and the threshold
lights are at full brightness. In a medium-intensity
runway lighting system, all lights (runway edge
lights and threshold lights) are the same
brightness.

In some instances, it is a good practice to use
runway edge light fixtures and lamps for the
threshold lights, so that the difference is noticeable
when the threshold lighting configuration has to
be stepped up one brightness higher than the
runway edge lights. To determine the number of
circuits required for runway edge lights, you need
to determine the length of the runway. You
determine the number of lights on one circuit by
considering not only the number of lights
connected to the circuit but also the volt/ampere
loss for the circuit cables and the feeder cables
from the vault to the runway. If this distance is
long, you may need to adjust the number of lights
in the circuit.

Do not load the regulator less than one-half of
its rated kW output. If more than one regulator is
required, each regulator should be equally loaded.

Each light circuit will be fed by a series loop.
The current leaves one terminal of the CCR, goes
through the circuit to each light unit, and returns
to the other terminal of the regulator.

Taxiway Lights

Taxiway lights are used to show the pilot the
width and direction of the “taxiing route.” The
lights are aviation blue in color. They are basically
the same as runway lighting circuits.

Approach Lights

Runway approach light systems are used on
high-intensity-equipped runways. The system
starts at the threshold and extends outward for
3,000 feet. Where the full length of the land

cannot be used, the greatest length possible is
used. Condenser discharge (strobe) lights that put
out a high-intensity, bluish white light start at the
3,000-foot mark and flash in sequence toward the
threshold. The system is used to help the pilots
land under low-visibility conditions. (This is
discussed in more detail later in this chapter.)

The lights of the approach system are located
on an imaginary line that extends from the runway
center line. Each light bar is centered on this
imaginary line and spaced the same distance apart
for the entire 3,000 feet.

The supply and control circuits of the
approach lighting systems are installed under-
ground and are usually in conduit. However, in
some cases, the last 2,000 feet of the approach
lights can be above ground. In some cases, the
supply cable from the series circuit can be direct
burial. The direct burial method of cable installa-
tion will be discussed in another chapter.

Aboveground circuits may be used for
approach lighting when the cables do not present
a hazard to vehicular traffic or are not accessible
to unauthorized personnel and animals. The cable
must be installed, normally, a minimum of 22 feet
above ground. Where the area is completely closed
off (fenced), a lower ground clearance is accepta-
ble. Control circuits may use a small-size con-
ductor when it is supported by a messenger
cable. DO NOT USE ALUMINUM CONDUC-
TORS. Use standard overhead construction
practices for series circuits. Use lightning arresters
when the cables go from underground to over-
head. Connect the ends of the circuits to ITs the
same way as underground cables.

Besides the basic runway light configurations,
there are other airfield lighting aids to help the
pilot in landing and takeoff operations. Four such
aids for landing and taking off are the visual
approach slope indicators (VASI), the FLOLS,
the runway distance markers, and the threshold
lights.

VISUAL APPROACH SLOPE INDICA-
TORS (VASI).—The VASI system helps the pilot
to make a visual glide slope landing approach.
When there is an electronic glide slope system, the
VASI system must be set up to give the same
indication.

The VASI system consists of twelve light boxes
with three lights in each box. There is one
complete system for each end of the runway.
There are two pairs of bars, one bar on each side
of the runway. Each wing bar is composed of
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Figure 2-6.—Typical airfield lighting layout.
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three light boxes. (See fig. 2-7.) The pair of bars
nearest the threshold is called the downwind bars,
and the other pair, the upwind bars. Each light
box projects a beam of light that is white (clear)
in its upper part and red in its lower part. The
lights are so arranged that the pilot of an airplane,
during the approach, sees all of the wing bar lights
as red when below the glide slope. When on the
glide slope, the pilot sees the downwind bar light
as white, the upwind bar as red. When above the
glide slope, the pilot sees all the wing bar lights
as white.

FRESNEL LENS OPTICAL LANDING
SYSTEM (FLOLS).—Another system designed
for continuous automatic operation is the FLOLS.
(See fig. 2-8.) It also provides optical landing
assistance by indicating the correct glide slope
angle to the pilot of an approaching aircraft. This
system contains two groups of horizontal datum
lights set perpendicular to the approach path, two
vertical bars of wave off lights, two double-type
cut lights, and a source light indicator assembly,
consisting of five vertical cell assemblies. Each cell
assembly contains source lights, a Fresnel lens,
and a lenticular lens. The arrangement of these

lenses gives the pilot the glide slope. The unit
should be set up on the left side of the runway
with respect to the approaching plane, about 10
feet from the edge of the pavement and 750 feet
from the runway threshold.

Power for the system is provided by an
installed field lighting supply or by an auxiliary
power unit capable of 20 kW, 60 Hz, three-phase,
120 volts phase to neutral.

RUNWAY DISTANCE MARKER.—With
the use of high-speed aircraft, the runway distance
marker system is needed to tell the pilots how
much runway is left to take off or to land. The
distance information, in thousands of feet, is
given by numbers on the side of the marker. The
numbers are on two sides of the signs, so that the
distance left can be shown for both directions.
There is one row of signs on each side of the
runway. Each row is the same distance from the
runway center line. They are spaced 1,000 feet
apart. The signs have painted numbers that are
lit so they can be seen at night and during periods
of restricted visibility.

Figure 2-7.—Visual approach slope indicators (VASI).
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Figure 2-8.—Fresnel lens optical landing system.

The power supply should be from a separate
series circuit for serving the runway distance
markers. Do not have the markers supplied from
circuits feeding either the runway, threshold, or
the approach lighting circuits, since these circuits
are operated at various brightness steps, and the
signs are operated at their full brightness at all
times. Also, do not connect them to taxiway cir-
cuits because of the intermittent operation require-
ments. The cable used for the circuit is a single
conductor, No. 8 AWG, stranded, 5,000 volts.

THRESHOLD LIGHTS.—The threshold
lights are a part of the approach light system. Four

sets of light systems are used in the threshold light
configuration. These lights are as follows: inboard
threshold lights, winged-out threshold lights, pre-
threshold wing bars, and a terminating bar. These
four sets of lights are installed on both ends of
the runway and are used to mark the beginning
of the runway.

Inboard Threshold Lights.—Inboard
threshold lights are installed in the area at the end
of the runway between the two runway edge light
lines. This line of lights will be at a right angle
to the runway center line. They are as close to the
full-strength paving as possible but not more than
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10 feet from it. The lights are spaced 10 feet apart.
Their color is aviation green. (See fig. 2-6.)

Winged-Out Threshold Lights.—The winged-
out threshold light bar is on the same light line
as the inboard lights. These lights extend out from
the end of each side of the inboard light bar. Each
bar is 40 feet long and has nine lights spaced 5
feet apart. The first light location is at the
intersection of the runway edge light line and the
threshold light line. The color of these lights is
also aviation green. (See fig. 2-6.)

Pre-threshold Wing Bars.—A pre-threshold
wing bar is located on each side of the extended
runway center line 100 feet out from the
threshold. The innermost light of the bar is 75 feet
from the center line. Each bar (14 feet long) has
five aviation red lights spaced 3 1/2 feet apart.
(See fig. 2-6.)

Terminating Bar.—The terminating bar is
located in the overrun area. The light bar is at a
right angle to the runway center line and 200 feet
out from the runway threshold (100 feet out from
the pre-threshold lights). There are 11 aviation red
lights in the bar. The bar is 50 feet long and is
arranged so that one-half of the bar is on each
side of the center line. The lights are arranged in
three groups: five lights spaced 3 1/2 feet apart
on a 14-foot bar in the middle and, on each side,
one lo-foot bar of three lights spaced 5 feet apart.
(See fig. 2-6.)

Obstruction Lights

The obstruction lighting is a system of red
lights used to show the height and width of natural
or man-made objects that are hazardous to air
flight. These lights are for the safety of aircraft
in flight. The lights must be seen from all
directions and are aviation red in color.

The obstruction lights are turned on during
all hours of darkness and during periods of
restricted visibility. They are placed on all objects
with an overall height of more than 150 feet above
ground or water within the airspace.

At least two lights (or one light fixture with
two lamps) are located at the top of the
obstruction. When the top of an obstruction is
more than 150 feet above the level of the
surrounding ground, an intermediate light, or
lights, is provided for each 150 feet. These lights
are equally spaced from the top to the bottom.
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Where obstructions cover an extensive
horizontal plane, the top lights will be put on the
point or edge of the obstruction highest in relation
to the obstruction-marking surface. The lights
should not be spaced more than 150 feet apart.
This spacing indicates the general extent of the
obstruction. Double lights are used at the
horizontal limits of the obstruction, and single
lights are used for intermediate lights. If two or
more edges are of the same height, the edge
nearest the airfield is lit.

On overhead wires, obstruction lights are
placed at intervals not exceeding 150 feet and at
a level not below that of the highest wire at each
light location.

Obstruction lighting systems are served by
either a series or a multiple circuit. The type of
circuit used depends on the location of the
obstruction and the type of lighting equipment
installed. The six most common types of circuits
that may be used for the obstruction lights are
as follows:

1. Low-voltage multiple service from the vault
when the length of the circuit is less than 800 feet

2. Series circuit when the load is less than 4
kW from a taxiway type of regulator in the vault

3. 2,400-volt service from the vault to a
distribution transformer to serve a multiple circuit

4. 2,400-volt service from the vault to a CCR
that serves a series circuit

5. Control circuit from the vault which
operates any of the previously listed circuits by
means of a relay

6. Time clock or a photocell with a series or
multiple circuit for the lights

Obstruction lights on objects that are more
than 150 feet above ground or water must be on
all the time or controlled by a photocell.

Beacon Lights

The landing facility location is provided by the
aeronautical beacon. The beacon is a high
candlepower flashing light visible throughout
360°. It provides the pilot a visual signal to locate
and identify airfields during night operations or
during periods of restricted visibility, day or night.

There are three functional types of beacons
that we will discuss: the airport beacon, the
identification or code beacon, and the hazard or
obstruction beacon.

The airport beacon is normally located within
5,000 feet of the airfield. The rotatable unit will



display alternate double-peaked white flashes and
a single green flash to identify the airfield as a
military facility. The size of the unit is about 24
inches, a rigid drum duplex type with a clear
double-flasher spread-light lens on one end and
a plain green lens on the other. There is an
automatic built-in lamp change in case of lamp
burnout. An illustration of a typical airport
beacon is shown in figure 2-9. Beacon lights may
be manually controlled from the tower or from
the lighting vault. If the facility is not operated
on a 24-hour basis, an automatic control is
possible with a photoelectric control that turns the
unit on or off automatically.

The identification beacon or code beacon
identifies an airfield where the airport beacon is
more than 5,000 feet away from the airfield or
where two or more airfields are close enough to
use the same airport beacon. This nonrotatable
unit can be seen from all directions and is
equipped with a flasher switch operating at 40
flashes per minute with a range adjustment. The
beacon has white lenses with green filters and is
manually controlled from the tower but may be
controlled automatically.

The third beacon, the hazard or obstruction
beacon, furnishes visual identification of natural
features or structures which are 150 feet above
airfield elevation for on-station or off-station
hazards; that is, tanks, towers, stacks, and so
forth. The beacon uses white lenses with red filters
and is manually controlled from the tower. When
automatic controls are desirable, a photoelectric
control system may be used. Since the beacon does
not rotate, a flashing system is used, flashing 26
times per minute. The beacon lamps and motor
require 120 volts for operation. Most of the time,
this unit is fed by a 120/240-volt or 120/208-volt,
three-wire service. You can use a 120-volt, two-
wire service, but it is not recommended. When
the lighting vault is less than 800 feet away from
the beacon, a low-voltage service can be used.
When the vault is more than 800 feet away, high
voltage (2,400 volts) from the lighting vault is used
to supply a distribution transformer at the base
of the beacon. You can also run a control wire
from the vault to the beacon to operate a relay
that, in turn, switches on the power from a local
source near the beacon. The last method works
best when the beacon is at a remote location from
the airfield.

Figure 2-9.—Beacon with one door open and base pan dropped.
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1. Electrical distribution vault.
2. Remote control assembly.
3. 4-kW constant-current regulator.
4. 15-kW constant-current regulator.
5. Center-line light.
6. Runway light.
7. Threshold light.
8. Taxiway light.

9. Approach light.
10. Strobe light.
11. Extended line-up light.
12. Strobe timer.
13. Strobe power supply.
14. Obstruction light.
15. Circling guidance light.
16. Rotating beacon light.

17. Status light.
18. 500-W floodlight.
19. 200-W floodlight.
20. Wind cone assembly.
21. Rotation light.
22. Transformer - runway and approach.
23. Transformer - taxiway.
24. Transformer - work area.

*Will be furnished until supply is exhausted.

Figure 2-10.—Airfield lighting components.
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Table 2-1.—Airfield Lighting Equipment Required

Component
NAEC Quantity Per Field

Part
Number VSTOL VSTOL EAF SELF

900´ 1,800´ 5,200´ 8,000´

Approach Light Assembly
Center-line Light Assembly
Circling Guidance Light Assembly –
Electrical Distribution Vault
Floodlight Assembly 500W
Floodlight Assembly 200W

Obstruction Light Assembly
Regulator Constant Current 4kW
Regulator Constant Current 15kW
Remote Control Assembly
Rotating Beacon Assembly –
Rotating Light Assembly – –
Runway Light Assembly
Status Light Assembly –

–
Strobe Light Assembly
Strobe Power Supply
Strobe Timer Assembly
Taxiway Light Assembly
Threshold Light Assembly – –

– –
Wind Cone Assembly

505954-1
613593-1
508233-1
615220-1
615902
615506-1

or
616324-1
505956-1

*616040-1
*614384-1

614896-1
609990-1
505954-2
615911-1
409823-1
409823-2
506208-1
610361-1
610036-1
615910-1
505954-3
505954-4
506054-1

10 20 20 20
17 34 86 51

8 16 16
1 1 1 1

26 54 125 125
12 12 24 12

10 10 20 20
1 2 2 4
6 7 11 11
1 1 1 1

1 1 1
4 4

18 32 64 66
2 2 2
2 2 2

10 10 10 10
10 10 10 10
2 2 2 2

37 92 122 228
8 8

4 4
1 2 2 2

**Lamp Holder 413021-1 10 – – –
**Adapter Bracket 423041-1 10 – – –
**Lamp MS24348-5 10 – – –

*616040-1 and 614384 replaced with 618650 and 616360, respectively when supply is exhausted.
**Components of extended line-up light.

Because of the extreme hazard to life, an used to give off the right kind of light. A
alternate low-voltage source near the beacon is
usually required.

TYPES OF FIXTURES AND LAMPS

To meet different system requirements,
different intensities of lighting are required. Along
with these systems, you need different kinds of
fixtures to meet the needs of designated locations.
In each fixture, a certain type of lamp must be

runway light fixture, in a series loop system,
requires an insolation transformer (IT). These
transformers must be matched to each lamp
according to amperage and watts. Figure 2-10
provides you a pictorial view of the lighting
fixtures used in contingency airfield opera-
tion; table 2-1 provides the Naval Air System
Command part number of each fixture plus the
number of fixtures required per given type of field
installation.

2-15



Several different types of lights are used. The
exact type used depends on the system. Not only
are there different fixtures for different widths of
runways, but there are different intensities. In
most cases, high-intensity lighting systems are
used for high-speed aircraft. Also, high-intensity
lighting systems are required during low-visibility
conditions.

CONDENSER DISCHARGE
LIGHTING SYSTEM

The condenser discharge lights are added to
make the approach system complete. Because the
lamps flash on and off to give a stroboscopic
effect, the term strobe is used for these lights.
From here on out, the term strobe will be used
when referring to condenser discharge lights.

The transformer and the master sequence
timer cabinet are located in a small vault or pad
near the center of the approach system. The vault
or pad should be secured so neither animals nor
unauthorized personnel can enter.

The major components of the condenser
discharge lighting system are the elevated and
semiflush strobe light units, the master sequence
timer cabinet (containing the local/remote control
unit, the monitor and control chassis, and the

master sequence timer), and the tower control
unit.

Strobe Light System

The strobe lights are installed on each center-
line light bar starting 300 feet from the runway
threshold and extending outward for the length
of the system. The strobe light will be located on
the center-line light bar, midway between the
center light and the next light on either the left
or right side. They can be placed in front of the
light bar but not more than 10 feet. No matter
where they are placed, they must be in the same
position on each light bar throughout the entire
approach system.

In the overrun area, the strobe lights are
installed as flush lights. Starting with the
1,000-foot bar (decision bar) and going out, an
elevated type of strobe light is used. An elevated
approach light bar looks like the one shown in
figure 2-11.

The strobe lights are controlled from the
remote control panel. They can be turned on and
off independently or so triggered that they come
on when the approach light switch is in either
the third, fourth, or fifth brightness position.

Figure 2-11.—Elevated approach light bar.
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The brightness of the strobe lights cannot be knowledge of one will give you an understanding
controlled. of the others.

The strobe lights put out a high beam of light Strobe lights are either flush mounted or
that peaks at 30 million candlepower. DO NOT elevated. Since the components are easier to see
LOOK INTO THE BEAM OF LIGHT WHEN on an elevated unit, we will illustrate our
YOU ARE NEAR ONE OF THE LAMPS OR discussion with an elevated unit, as shown in
YOUR EYES COULD BE DAMAGED. The figure 2-12. The operation of the flush light is
system we discuss here is one of several different exactly the same as that of the elevated light unit.
types manufactured. The operation is the same The main difference between the units is the way
no matter who manufactures them. Your in which the components are arranged.

1. Cabinet light (240 V).
2. Light switch and fuse.
3. Safety interlock switches.
4. Flash capacitor.
5. Capacitor bleeder relay.
6. Fuse and switch, 240-volt power.
7. Connector receptacle.

8. Monitor relay.
9. Trigger relay.

10. Four-pin connector.
11. Tracks.
12. Flashtube socket.
13. Rectifier tubes.

14. Plate caps.
15. Transformer.
16. Reflector.
17. Glass.
18. Door stop and bracket.
19. Lightning arresters.

26.310
Figure 2-12.—Condenser discharge light.
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Each strobe light has four inputs from the rest
of the system: (1) 240 volts ac, (2) ground, (3) 120
volts ac timing pulses at the rate of two per
second, and (4) a dc voltage connection to the
monitor system. These inputs are plugged into a
cable through a four-pin connector (No. 10). The
unit steps up the 240 volt ac input voltage to 1,460
volts ac with a transformer (No. 15) and passes
this voltage through a full-wave rectifier circuit
of vacuum tubes (No. 13). The resultant 2,000
volts dc is applied to the electrodes of a flashtube
and across the flash capacitor (No. 4).

The xenon-filled flashtube will fire only when
ionization is initiated by a trigger pulse of about
5,000 volts applied to its third electrode. This
pulse is supplied by a trigger coil. At the same time
that the flash capacitor is storing its charge, the
trigger capacitor is also being charged by the
primary of the trigger coil, which is an auto-
transformer and cuts the bleeder resistors in series
out of the circuit. When the 120 volt ac timing
signal arrives, it is applied to the coil of the
trigger relay (No. 9), thus closing the relay
contacts, allowing the trigger capacitor to
discharge through the primary of the trigger coil.
This generates the necessary trigger pulse in the
secondary of the trigger coil, the flashtube
fires, and the flash capacitor discharges across
the flashtube electrodes. The flash capacitor
discharges down to the deionization potential of
the flashtube, at which point the tube becomes
a nonconductor. The light-producing arc ceases,
and the charge cycle begins again.

The charge stored in the flash capacitor is a
potential safety hazard. To make sure that the
capacitor is discharged when the light unit is shut
off, provide a discharge circuit by a series of
bleeder relays. The bleeder relay (No. 5) closes
this discharge circuit when the power to the
transformer is turned off.

The current that charges the flash capacitor
creates a pulse voltage in a surge resistor twice
each second. A part of this voltage is applied to
a silicon rectifier through a tap-off of the surge
resistor. The rectified voltage is then filtered and
applied to the monitor relay. The value of this
voltage is sufficient to keep the monitor relay
energized when the unit is flashing normally.
When the unit stops operating because of a
component failure in the unit, the absence of the
pulse voltage at the surge resistor will allow the
contacts of the monitor relay to close. This action
completes a circuit from the monitor connection
through a monitor resistor of 22 kilohms to
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ground. The monitor and control chassis react to
the ground by warning the operator.

Master Sequence Timer Cabinet

The master sequence timer cabinet has all of
the controls for the strobe light system except the
tower control unit. The cabinet is supplied from
a 240-volt, phase-to-ground circuit. Our dis-
cussion of how the system operates is keyed to
the numbers in figure 2-13.

LOCAL/REMOTE CONTROL UNIT.—The
local/remote control unit (No. 1) gives you a way
to turn the system on locally or give control to
the tower. In the center of this unit is a control
knob with three positions: REMOTE/OFF/
LOCAL-ON. There are two red indicator lights
above the control knob and two green lights below
it. When the control knob is in the LOCAL-ON
position, the system is turned on, and red lights
will glow to indicate that the system is on
LOCAL CONTROL. The green monitor lights
should burn unless there is a fault in the system;
in which case, they will go out. When the control
knob is placed in the REMOTE position, the
system can be turned on and off at the tower
control unit. The red indicator lights will go out,
but the monitor lights will continue to work as
before. You should remember that the tower has
no control except when the switch is in REMOTE.

MONITOR AND CONTROL CHASSIS.—
The monitor and control chassis has several
functions. They are as follows:

1. It de-energizes the monitor lights in both
control units when a set number of lights stop
working.

2. It has a step-down transformer to supply
the voltages needed for control and indication.

3. It has a diode rectifier that supplies direct
current for relay operation.

4. It has the fuses that protect the master
sequence timer, the indicator circuits, and other
components.

The main power transformer in the monitor
and control chassis is energized all the time from
a local 240 volt ac supply. The secondary voltage
from this transformer energizes the indicator lamp
transformer and the transformer of the dc circuit.
The indicator lamp transformer supplies 12 volts
ac to the indicator lights in the local/remote
control unit. The transformer for the dc power

.



1. Local/remote control. 6. DC power supply.
2. Elapsed time meter. 7. DC regulator tube.
3. Main relay and switch. 8. Fuses.
4. Sensitivity rheostat. 9. 12-volt transformer.
5. Sensitivity selector switch. 10. Terminal blocks.

11. Lightning.
12. Timer motor.
13. Timer switches.
14. Cabinet light (240 volts).
15. Fuse and light switch.

Figure 2-13.—Master sequence timer and controls.
26.311
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will supply 95 volts ac to a bridge rectifier which
supplies 120 volts dc to the dc monitor circuit.

As long as the master control switch is on,
power is fed to the tower control unit no matter
what position the local/remote control unit switch
is in. When the flasher control switch in the vault
control unit is closed, the dc power interlock relay
closes and energizes the monitor lights in the tower
control unit. The unit responds in the same way
as if the system were in full operation and working
well. For this reason, the tower personnel must
be notified when the switch in the local/remote
control unit is in the OFF position. When the
flasher control switch on the local/remote control
unit is in the OFF or LOCAL-ON position, the
red indicator lights tell you that the tower control
unit is not in full operation.

There is a monitor-sensing relay to monitor
the operation of the strobe lights. When all the
light units are working correctly, there will not
be enough current through the coil of the monitor-
sensing relay to actuate the relay. A variable
adjustable resistor can be adjusted so that there
will be 7,333 ohms of resistance between the
monitor-sensing relay and ground. A resistance
of 7,333 ohms equals three 22-kilohm resistors in
parallel. The monitoring circuit in each light unit
has a 22-kilohm resistor. So, if you take the three
22-kilohm resistors out of the monitor control
unit, the monitor-sensing relay actuates when at
least three light units have ceased to work and
their monitoring circuits are grounded, as
described earlier.

The sensitivity selector switch lets you reduce
the number of malfunctioning lights needed to
actuate the monitor-sensing relay by increasing
the current flowing through its coil. There are
three 22-kilohm resistors in the monitor control
unit. Each of these three resistors simulates the
effect of a grounded monitor connection to one
of the lights.

If the monitor-sensing relay is tripped, the
monitor lights on the local/remote control unit
will go out. At the same time, the monitor lights
in the tower control unit go out and a buzzer
sounds.

The adjustment for the sensitivity of the
monitor system is made at the monitor and control
chassis in the master sequence timer cabinet.

With all of the strobe lights operating and the
sensitivity selector switch in the No. 1 UNIT
position, the green monitor lamps should be on.
If you turn the strobe light units on and the
monitor lights do not come on, you need to adjust
the sensitivity of the variable resistor (sensitivity

rheostat). You need a small screwdriver to fit the
slot in the rheostat shaft (No. 4). Turn the shaft
clockwise as far as it will go (about half a turn).
The green lamps should now be lit. Now, turn the
rheostat counterclockwise slowly until the green
lamps go out. Then turn the rheostat back
clockwise slowly and stop as soon as the green
lamps light. Check this setting by slipping a piece
of paper between the contacts of one of the timer
switches. The monitor lamps should go out.
Remove the paper and turn the control switch to
OFF for a few seconds and then to ON. The green
lamps should now stay lit. Repeat this for
different lamps and shift the rheostat slightly if
you need to until you find a setting which will
operate for any of the approach lights.

Change the sensitivity selector switch to the
No. 2 UNIT position and repeat the procedure
while blocking two of the switches with pieces of
paper. This is like having two strobe light units
out and should have the same results as before.
Restore the monitor lights the same as before.
Repeat the procedure with the sensitivity switch
in the No. 3 UNIT position while you block three
of the timer switches. Now, check the operation
of the monitor circuit with number 1, 2, and 3
strobe lights out.

When you find the correct setting of the
rheostat, no further adjustments should be
needed. When your base requires the selector
switch to be on the No. 1 UNIT position, then,
in proper operation, if one strobe light fails, the
alarm is stilled by just moving the selector switch
to the No. 2 UNIT position. The switch is left in
this position until the bad strobe light is fixed.
At that time, the selector is returned to the No.
1 UNIT position.

MASTER SEQUENCE TIMER.—The
master sequence timer controls the order and rate
of the triggering impulses to the light units. The
timer has two camshafts driven by a motor
(No. 12) through a reduction gear. The cams
actuate 30 contacts (No. 13), one for each light
unit, staggered on the shafts so that the contacts
are closed in rapid succession as the shafts turn.
Note that although there are 30 contacts, only
28 are used. Each of the 28 contacts is electrically
connected to one of the light units. Thus,
when the motor is energized, the contacts are
momentarily closed in a predetermined sequence
twice each second. This provides a series of
120-volt ac pulses to the trigger relays in the lights.
These pulses are known as the timing circuit.
Power for the 120-volt motor and the 120-volt
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timing pulses comes from the monitor and control
chassis. An elapsed time meter (No. 2) is mounted
next to the timer to show the total time the
equipment has been in use; thus it serves as a guide
for maintenance. Forty-five lightning arresters
(No. 11) are installed in the lower part of the
cabinet to protect the equipment from voltage
surges on any of the lines.

Tower Control Unit

The control switch on the tower control unit
works only when the local/remote control unit in
the timer cabinet is in the REMOTE position. The
audible and visible monitoring alarms, however,
are operable whenever the system is in use, even
if the local/remote unit is at the LOCAL-ON
position. Adjustments are provided on the panel
for regulating the brightness of the two green
monitor lights and the loudness of the buzzer.
A push-button switch is used to test the operation
of the buzzer.

MAINTENANCE OF AIRFIELD
LIGHTING SYSTEMS

Regardless of the design of an airfield
system, maintenance is highly recommended to
ensure the operational dependency of the field.
Routine scheduled downtime is much better than
unscheduled downtime in the midst of an opera-
tion. Simple visual inspection plus periodic
resistance readings of circuit devices, components,
and cables reveal probable trouble areas.

Do not get caught in the “jury-rigged trap.”
This tendency to patch, bypass, piece together,
or otherwise rig a system to work “just for a
little while” can be as dangerous as a coiled
rattlesnake. That “temporary fix” is just sitting
there waiting to catch some uninformed individual
sent out to work on the system. This section covers
routine maintenance for airfield lighting and
underground systems, troubleshooting cable
systems, and cable splicing and repair.

ROUTINE MAINTENANCE

Routine maintenance includes, but is not
limited to, cleaning, adjusting, lubricating, paint-
ing, and treating for corrosion. Components and
connections must be checked for condition and
security. The insulation of the conductors should
be checked for good condition and burns, scrapes,
breaks, cracks, or evidence of overheating.

Visual Inspection

During your visual inspection of an airfield
lighting wiring system, you should check the
constant-current regulator (CCR) for chipped or
cracked porcelain bushings, correct connections,
proper fuses and switches, and relays for freedom
of movement. Only relay panel covers should be
removed. It is not necessary to open the main
regulator tank. All covers that are removed should
be cleaned and then reinstalled tightly. Cable and
IT connectors require close visual inspections for
cuts, bruises, or other mishandling; these
conditions could cause premature failure to the
system. The mating surfaces of these molded-
rubber connectors must be clean and dry when
they are plugged together. Either dirt or moisture
prevents the mating surfaces from making
complete surface contact and causes a failure at
the connector. When connectors are plugged
together, trapped air can cause them to partially
disengage. Wait a few seconds and push them
together again. Apply two or three turns of tape
to hold them in place. When the connectors are
clean, dry, and properly taped, the connection is
equal or superior to a high-voltage splice.

Check light fixture connections and
counterpoise connections for tightness. Look for
cable bends that are too sharp; sharp bends can
cause insulation breakdown or connector failure.

Operational Check

Once all components of the system have been
visually inspected for damage and the cable system
has been checked with a megger and hi-pot, make
an operational check of the entire airfield lighting
system.

1. Working from the control tower with an
observer in the vault, operate each switch of the
airport and taxiway panel, so that each position
is reached at least twice. You must have radio or
telephone communication with the observer in the
vault during this operation. The observer in the
vault determines that each switch properly
controls its corresponding circuit.

2. Repeat this operation from the vault
(alternate control panel) in the same manner,
assuring that each switch position is reached
twice.

3. Now, repeat the test by using the local
control switches on the regulator.

4. Operate each lighting circuit at maximum
brightness for 6 continuous hours. Make a visual
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inspection of all lights, both at the beginning and
at the end of this test to assure that the proper
number of lights are operating at full brightness.
Measure lamp terminal voltage on at least one
lamp in each multiple circuit to assure that this
voltage is within ±5 of the rated lamp voltage.
Dimming of some or all of the lights in a circuit
indicates grounded cables.

Condenser Discharge Light System

Periodic maintenance of this system is fairly
simple. Remember, however, that high voltages
exist in the components of the system and you
must be extra careful. One such area is the flash
capacitor. This capacitor may contain as much
as 2,000 volts. Anyone working on the light
fixture should make sure that this capacitor is
discharged before working on the light unit. The
capacitor should bleed down through its resistor
network in 5 seconds; however, the capacitor
should be shorted out before any work being done
inside the unit. In a flush unit, short between
terminals 7 and 10 of the terminal board with a
shorting stick. In the elevated light, short the two
contacts on the left side of the flashtube socket.
This must be done before any work is done inside
the light unit, such as changing a flashtube or
cleaning the reflector.

Since these are sealed units, cleaning the
reflectors should rarely be required. When such
cleaning is required, be sure to use a nonabrasive
cleaner. The lenses in both the elevated and flush
units should be cleaned periodically, depending
on the local conditions.

Inspect the timer contacts to see that they are
clean and making good contact. If not, the
stationary timer contacts can be adjusted. The
timer gears of the master sequence timer require
periodic lubrication. Match the grease to the
ambient temperatures expected in your particular
area. NEVER use a graphite-based grease, as
graphite is electrically conductive.

Check to see that both pairs of green indicator
lights will light. When only one lamp is lit on
either unit, the other bulb has burned out. To
replace one of these bulbs, remove the front panel,
pull off the colored lens, push out the old bulb,
and insert the new bulb from the front of the
panel. Replace the lens and panel.

Underground Distribution Systems

Normally speaking, underground systems that
are properly installed require little maintenance

of the routine type. Since both the equipment and
the cable are well protected from man and the
elements, the system normally is not subject
to the same problems that overhead systems
experience.

In some areas, groundwater or dampness may
create some problems for underground systems
by increasing rust or corrosion. Racks and splice
boxes may require more painting and other rust
or corrosion maintenance. Look especially for
rusted nuts on boxes and rack hangers. They
should be cleaned and painted. The manholes and
vaults should be cleaned. These areas should not
be used for storage nor should trash be allowed
to collect in them.

Check the manhole walls for evidence of
cracks, breaks, or other evidence of water seepage
or leakage. Check empty ducts for plugs and
evidence of water seepage.

You will find manholes with enough water in
them to hamper or prohibit work operations. In
such cases, bail the water out with a bucket and
rope or pump it out with a manhole pump.
Sometimes sump holes are built into the floor of
manholes, and these provide places to bail from
or to pump from the lowest places in the manhole.
When water runs into a manhole from unoccupied
ducts, hard rubber plugs are provided to stop or
slow the water. When the manhole pump is used,
place it in a position so the flow of water will be
away from the manhole. This would be on the
downhill side. Place the pump at least 10 feet from
the manhole opening. The pump has a hose to
be inserted in the manhole and an outlet hose to
carry the water away from the manhole. Check
cables for proper racking, making sure that they
are trained in the proper direction and positioned
so an ample cable radius is left for bends and
expansion/contraction. This radius is basically 5
to 12 times the cable diameter, depending on the
sheath type and the number of conductors. Make
sure that 6 inches of straight cable exists for
racking on each side of the splice. Check splices
for evidence of leakage or tracking. Look for
scrapes, burns, cracks, corrosion, or any other
evidence of cable insulation deterioration. See that
all cables are properly tagged for identification.

Check potheads and terminations that are
attached to risers for leakage, tracking, and
evidence of overheating or an overvoltage. Also
check the security of the mounting of the pothead
and conduit.
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TROUBLESHOOTING CIRCUITS

Troubleshooting of cable systems is much the
same as any other type of electrical trouble-
shooting. You need a thorough knowledge of the
system as well as the ability to analyze troubles.
A review of the history of the system provides
clues to present or future troubles. Simply using
your eyes and head is sometimes the most effective
method of locating the trouble. A knowledge of
test equipment, an ability to read drawings or
schematics, and an understanding of electricity
are the key factors in locating electrical troubles.

Types of Trouble

The same basic types of trouble can occur in
the airfield lighting cable system whether that
system is in series or in multiple; however, the
results of these circuit troubles can cause dramatic
differences. For instance, a short circuit across
the terminals of a distribution transformer
supplying a multiple system is a dangerous
overload; while the same short circuit across the
output terminals of a CCR and series transformer
is a no-load condition. An open in the output
circuit of a CCR, on the other hand, creates a
dangerous overload. Burned-out lamps in the
secondary of a series IT will not damage the
transformer, but the secondary voltage will rise
above normal and distort the wave shape of the
primary current. When enough lamps burn out,
the primary current may rise high enough to
shorten lamp life and possibly damage the
regulator. These critical factors should tell you
why you need to know the circuit.

In the discussion above, all types of electrical
trouble were mentioned. They are opens, shorts,
grounds, and improper power.

OPENS.—An open circuit is an incomplete
circuit. Somewhere the circuit has a break;
therefore, there is not a complete path for current
flow throughout the circuit. Because there is no
current flow, the circuit cannot operate. In
analyzing circuit trouble, if the lights are not
burning, the motor is not running, and so forth,
you know that you will be looking for a break
in the circuit. Usually this break will be at the
unit(s) of resistance (burned-out lamp, broken
resistor, motor burned out), but sometimes the
break will happen in the cable. When the cable
breaks, this break is most likely to happen at a
splice or connection. Other cable breaks may be
caused by digging operations being done in the

wrong place. This occurs when base maps
are not kept up and when unauthorized digging
operations take place. It is an excellent reason for
installing and maintaining direct burial cable
markers.

Improper installation of cables can cause them
to fail. Cables may be damaged by kinking,
bruised by rocks, crushed by wheels, or cut by
shovels when proper care is not exercised during
handling and installation. While the damage may
not be great enough at the time it occurs to take
the cable out of service, it may be the starting
point for a cable failure at a later date. This failure
may be either in the form of a broken cable
(open), cross type of short (two cables touching),
or a short to ground (cable in contact with earth
ground). Any of these troubles can render the
circuit inoperative. The indication of the type of
trouble that you have in the circuit and the point
in the circuit where this indication appears
should assist you in locating and repairing the
circuit.

With an open circuit, that portion of the
lighting system being supplied by the affected
cable will not operate. A string of lamps that do
not light, then, would indicate an open cable.

SHORTS.—If lamps are lit when they are not
supposed to be or if a circuit is affected by another
circuit, you most likely have a cross type of short
between the two circuits. The logical point to start
looking for this trouble is where the two cables
cross or where they are close to each other.

GROUNDS.—When a string of lights burns
dim or when fuses blow on a circuit, you have
a short to ground. The insulation on the supply
cable is damaged. This defect lets current pass
directly from the conductor to the earth and
prevents the lamps from receiving enough power
to operate correctly; that is, some of the resistance
of the circuit is being bypassed. The amount of
resistance being bypassed in the circuit governs
the effect of the short to ground. If enough
resistance is removed (bypassed), then the current
rises to a point that is sufficient to blow the fuses
and thus disconnect the circuit.

IMPROPER POWER.—Improper power can
result when regulators or distribution trans-
formers are not connected properly. If the incor-
rect input voltage is connected or if the regulator
has been purposely connected for an unusual load
requirement, improper power can be applied to
the system and serious damage may result.
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Underground Lighting Problems

As stated earlier in this chapter, the care and
craftsmanship of the original installation will, to
a large extent, determine the life of the system.
Still, no system lasts forever. Even the best
installation and the most conscientious inspection
and maintenance program cannot prevent the
aging and gradual breakdown of a system. In
almost all cases when an underground cable
breaks down, it goes to ground. Where more than
one conductor is enclosed in one sheath, the
insulation within the sheath may deteriorate so
that a cross type of short occurs. This contact
almost always creates enough heat and pressure
to rupture the sheath and put the conductors in
contact with ground.

Moisture is one of the most common causes
of an underground system breakdown. Impurities
in the water helps set up corrosion cells, breaks
down neoprene, and rots rubber. Only a trace of
moisture, when superheated by the electrical
power of the circuit and converted to steam, can
cause an explosion that will rip the cable to shreds.
Groundwater contains enough minerals to provide
an excellent conductor to all other parts of the
system. Some underground cables are bonded
together. The usual way to find out that an

underground power cable has a problem is to
check when the circuit opens.

In ducted systems, the maximum runs between
manholes are 600 feet. The normal method of
repair is to replace the cable. In direct burial cable
systems, the cable runs may be quite long, and
it would be impractical to replace the entire run.
In this case, cable fault locators are used to locate
the fault. Before starting to work, make sure that
all power is off on the circuits in the trench;
this must be done before you start digging or
repairing the cable.

This chapter will not discuss circuit trouble-
shooting in more detail, because each system is
different. When you are in charge of installation
or maintenance of an airfield, reference material,
such as the components’ manuals, should be
acquired. If unattainable, NAVFAC P-272,
Definitive Designs for Naval Shore Facilities;
DM 23.1, Navigational and Traffic Aids;
NAVAIR 51-50AAA-2, Visual Landing Aids
Design Standards; and NAVAIR 51-40ABA-7,
Lighting and Marking Systems for Expedi-
tionary Airfields are recommended as references.
Problems, such as improper power connections,
component connections, safety grounding, cable
splices, cable terminations, and cable installations,
are discussed in detail in these publications.
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CHAPTER 3

ELECTRICAL LOAD REQUIREMENTS

As a Construction Electrician first class, you
may be required to provide electrical service to
various types of facilities. The material presented
in this chapter is based on the 1990 National
Electrical Code® (NEC®)1 and addresses require-
ments in the installation of an industrial feeder
system for dwelling units and industrial areas, the
function and the correct steps for operation and
installation of ground fault interrupter circuit
breakers, and restrictions placed on electrical
systems installed in hazardous locations. Upon
completion of this chapter, you will be able to (1)
compute electrical load requirements and (2)
provide safe electrical service to the load.

SINGLE-FAMILY DWELLING

Performing the calculations to provide elec-
trical power to a dwelling can be divided into two
phases. Phase I is determining the number and
size of branch circuits required to serve the load.
Phase II is calculating the size of the service-
entrance conductor and the size of the neutral
conductor.

TYPES OF DWELLING UNIT LOAD

The total load of a dwelling unit can be divided
into three categories: general lighting load, small
appliance and laundry load, and special appliance
load.

General Lighting Load

The NEC® states that receptacle outlets rated
at 20 amps or less may be used for general
lighting. These receptacles may be included in the
calculations for general lighting load.

1 National Electrical Code® and NEC® are registered trade-
marks of the National Fire Protection Association, Inc.,
Quincy, MA 02269.

The easiest method to determine the general
lighting load is to multiply the square footage of
a dwelling by the volt-amperes (VA) per square
foot listed in table 3-1 (NEC®, table 220-3(b)).
Do not include garages, carports, patios, or open
porches in the square footage calculations.
Multiply the outside length times the outside width
times the number of floors to determine the total
area. Multiply this number times 3 VA to
determine the general lighting load. Use the
following formulas to find the general lighting
load:

Total area = outside length × outside width
× number of floors

General lighting load = total area × VA

Small Appliance and Laundry Load

In addition to the number of branch circuits
determined by the general lighting load
calculations, at least two 20-amp, 1,500-VA small
appliance circuits must be installed in the kitchen,
pantry, breakfast room, and dining room only.
The load on these circuits must be distributed
equally across the phases to minimize unbalanced
load on the neutral.

At least one additional 20-amp, 1,500-VA
branch circuit must be provided to supply the
laundry load. Do not install any other receptacle
outlets on this branch circuit.

The 1,500-VA rating of each branch circuit is
applied to the calculations for the service-entrance
conductor size. The 20-amp branch circuit rating
is used to supply the small appliance and laundry
loads.

The small appliance and laundry loads may
be totaled and added to the general lighting load
provided they meet the demand factors discussed
later in this chapter.
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Table 3-1.—General Lighting Loads by Occupancies

Type of Occupancy
Unit Load per

Sq. Ft. (Volt-Amperes)

Armories and Auditoriums 1

Banks 3 1/2**

Barber Shops and Beauty Parlors 3

Churches 1

Clubs 2

Court Rooms 2

*Dwelling Units 3

Garages—Commercial (storage) 1/2

Hospitals 2

*Hotels and Motels, including apartment houses without provisions
for cooking by tenants 2

Industrial Commercial (Loft) Buildings 2

Lodge Rooms 1 1/2

Office Buildings 3 1/2**

Restaurants 2

Schools 3

Stores 3

Warehouses (storage) 1/4

In any of the above occupancies except one-family dwellings and
individual dwelling units of two-family and multifamily dwellings:

Assembly Halls and Auditoriums
Halls, Corridors, Closets, Stairways
Storage Spaces

1
l/2
l / 4

For SI units: one square foot = 0.093 square meter.
*All general use receptacle outlets of 20-ampere or less rating in one-family, two-family and

multifamily dwellings and in guest rooms of hotels and motels [except those connected to the receptacle
circuits specified in Sections 220-4(b) and (c)] shall be considered as outlets for general illumination,
and no additional load calculations shall be required for such outlets.

**In addition a unit load of 1 volt-ampere per square foot shall be included for general purpose
receptacle outlets when the actual number of general purpose receptacle outlets is unknown.

Reprinted with permission from NPFA 70-1990, the National Electrical Code®, Copyright©1989, National Fire Protection Association, Quincy, MA
02269. This reprinted material is not the complete and official position of the National Fire Protection Association, on the referenced subject which is

represented only by the standard in its entirety.
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Special Appliance Load

Any additional electrical appliances, such as
ranges, hot-water heaters, air conditioners, dryers,
dishwashers, and garbage disposals, must be
supplied by individual branch circuits. Do not
connect these appliances to the general lighting
circuits. If the appliances were connected to the
general lighting circuits, a fault in the appliance(s)
could de-energize the lighting, creating a serious
safety hazard.

DEMAND FACTORS

All the loads in a dwelling are not used at
the same time, especially for any extended

period of time. The NEC® allows you to
apply demand factors to appliances and general
lighting loads to compensate for this fact. As a
result of these reduced-demand loads, service-
entrance conductors can be sized smaller, allowing
the use of smaller branch circuit conductors and
circuit breakers. This results in lower material
costs.

General Lighting and
Receptacle Loads

A demand factor may be applied to general
lighting and receptacle loads following table 3-2
(NEC®, table 220-11). The following example

Table 3-2.—Lighting Load Feeder Demand Factors

Portion of Lighting Load Demand
Type of to Which Demand Factor

Occupancy Factor Applies (volt-amperes) Percent

Dwelling Units First 3000 or less at . . . . . . . . . . . . . . . . . . . 100
From 3001 to 120,000 at . . . . . . . . . . . . . . . 35
Remainder over 120,000 at . . . . . . . . . . . . . 25

*Hospitals First 50,000 or less at. . . . . . . . . . . . . . . . . . 40
Remainder over 50,000 at . . . . . . . . . . . . . . 20

*Hotels and Motels — Including First 20,000 or less at. . . . . . . . . . . . . . . . . . 50
Apartment Houses without Provision From 20,001 to 100,000 at . . . . . . . . . . . . . 40
for Cooking by Tenants Remainder over 100,000 at . . . . . . . . . . . . . 30

Warehouses First 12,500 or less at. . . . . . . . . . . . . . . . . . 100
(Storage) Remainder over 12,500 at . . . . . . . . . . . . . . 50

All Others Total Volt-amperes . . . . . . . . . . . . . . . . . . . . 100

*The demand factors of this table shall not apply to the computed load of feeders to areas in
hospitals, hotels, and motels where the entire lighting is likely to be used at one time, as in operating
rooms, ballrooms, or dining rooms.

Reprinted with permission from NPFA 70-1990, the National Electrical Code®, Copyright©1989, National Fire Protection Association, Quincy, MA
02269. This reprinted material is not the complete and official position of the National Fire Protection Association, on the referenced subject which is

represented only by the standard in its entirety.
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shows how the general lighting and receptacle Table 3-3.—Demand Factors for Household Electric Clothes
demand loads can be determined. Dryers

Given:

2,000-sq-ft dwelling with 120-/240-V,
single-phase service

Two appliance circuits and one laundry
circuit

Number of Demand Factor
Dryers Percent

Solution:

2,000 sq ft × 3 VA = 6,000 VA

1,500 VA × 2 circuits = 3,000 VA

1,500 VA × 1 circuit = 1,500 VA

10,500 VA

1 . . . . . . . . . . . . . . . . . . . . . . . . 100
2 . . . . . . . . . . . . . . . . . . . . . . . . 100
3 . . . . . . . . . . . . . . . . . . . . . . . . 100
4 . . . . . . . . . . . . . . . . . . . . . . . . 100
5 . . . . . . . . . . . . . . . . . . . . . . . . 80
6 . . . . . . . . . . . . . . . . . . . . . . . . 70
7 . . . . . . . . . . . . . . . . . . . . . . . . 65
8 . . . . . . . . . . . . . . . . . . . . . . . . 60
9 . . . . . . . . . . . . . . . . . . . . . . . . 55

10 . . . . . . . . . . . . . . . . . . . . . . .
11-13

50
. . . . . . . . . . . . . . . . . . . . . 45

14-19 . . . . . . . . . . . . . . . . . . . . . 40
20-24 . . . . . . . . . . . . . . . . . . . . . 35
25-29 . . . . . . . . . . . . . . . . . . . . . 32.5
30-34 . . . . . . . . . . . . . . . . . . . . . 30
35-39 . . . . . . . . . . . . . . . . . . . . . 27.5
40 & over . . . . . . . . . . . . . . . . . . 25

First 3,000 VA of total connected load

3,000 VA × 100 percent = 3,000 VA

Remaining total connected load

7,500 VA × 35 percent = 2,625 VA

5,625 VA

Reprinted with permission from NPFA 70-1990, the National Electrical
Code®, Copyright©1989, National Fire Protection Association,
Quincy, MA 02269. This reprinted material is not the complete and
official position of the National Fire Protection Association, on the
referenced subject which is represented only by the standard in

its entirety.
This demand factor can be applied only when you
are performing the calculations for the service-
entrance conductor size.
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Fixed Appliance Loads

A 75-percent demand factor may be applied
if there are four or more fixed appliances on a
branch circuit. The wattage or VA rating taken
from the appliance nameplate must be used when
this calculation is made. The nameplate full-load
rating must be used if three or fewer appliances
are connected to a branch circuit.

whichever is larger. All dryers rated less than 5
kilowatts must be figured at 5 kilowatts. It is rare
that a dwelling will have more than four clothes
dryers, so a loo-percent demand factor is used in
most cases.

Electric Range Load

NOTE: This demand factor does not apply
to ranges, clothes dryers, air conditioners, or
space-heating units. The demand loads for these
appliances are calculated individually.

Electric Clothes Dryer Load

Table 3-3 (NEC@, table 220-18) shows the
demand factors that may be applied to electric
clothes dryers. For the wattage of the dryer, use
the rating given on the nameplate or 5,000 watts,

3-4

The demand load for electric ranges, wall-
mounted ovens, and counter-mounted cooking
units is defined in table 3-4 (NEC®, table 220-19).
You must know the nameplate rating (in kilo-
watts) before you can determine the demand
factor. Use column A of table 3-4 for appliance
ratings of 9 to 12 kilowatts. The demand factor
has already been calculated for you and is
expressed in kilowatts, depending on the number
of appliances on a branch circuit. Column B is
used for appliances rated less than 3 1/2 kilowatts,
and column C is for appliances rated 3 1/2
kilowatts to 8 3/4 kilowatts. Both columns are



Table 3-4.—Demand Loads for Household Electric Ranges, Wall-Mounted Ovens, Counter-Mounted Cooking Units, and
Other Household Cooking Appliances Over 1 3/4 kW Rating

(Column A to be used in all cases except as otherwise permitted in Note 3 below.)

NUMBER OF
APPLIANCES

Maximum Demand Factors
Demand Percent

(See Notes) (See Note 3)

COLUMN A COLUMN B COLUMN C
(Not over 12 (Less than 3 l/2 (3 l/2 kW to 8 3/4
kW Rating) kW Rating) kW Rating)

1 8 kW 80% 80%
2 11 kW 75% 65%
3 14 kW 70% 55%
4 17 kW 66% 50%
5 20 kW 62% 45%
6 21 kW 59% 43%
7 22 kW 56% 40%
8 23 kW 53% 36%
9 24 kW 51% 35%

10 25 kW 49% 34%
11 26 kW 47% 32%
12 27 kW 45% 32%
13 28 kW 43% 32%
14 29 kW 41% 32%
15 30 kW 40% 32%
16 31 kW 39% 28%
17 32 kW 38% 28%
18 33 kW 37% 28%
19 34 kW 36% 28%
20 35 kW 35% 28%
21 36 kW 34% 26%
22 37 kW 33% 26%
23 38 kW 32% 26%
24 39 kW 31% 26%
25 40 kW 30% 26%

26-30 15 kW plus 1 kW 30% 24%
31-40 for each range 30% 22%
41-50 25 kW plus 3/4 30% 20%
51-60 kW for each 30% 18%
61 & over range 30% 16%

Note 1. Over 12 kW through 27 kW ranges all of same rating. For ranges individually rated more than 12 kW but not
more than 27 kW, the maximum demand in Column A shall be increased 5 percent for each additional kW of rating or
major fraction thereof by which the rating of individual ranges exceeds 12 kW.

Note 2. Over 8 3/4 kW through 27 kW ranges of unequal ratings. For ranges individually rated more than 8 3/4 kW
and of different ratings but none exceeding 27 kW, an average value of rating shall be computed by adding together the
ratings of all ranges to obtain the total connected load (using 12 kW for any range rated less than 12 kW) and dividing’ by
the total number of ranges; and then the maximum demand in Column A shall be increased 5 percent for each kW or major
fraction thereof by which this average value exceeds 12 kW.

Note 3. Over 1 3/4 kW through 8 3/4 kW. In lieu of the method provided in Column A, it shall be permissible to add
the nameplate ratings of all ranges rated more than 1 3/4 kW but not more than 8 3/4 kW and multiply the sum by the
demand factors specified in Column B or C for the given number of appliances.

Note 4. Branch-Circuit Load. It shall be permissible to compute the branch-circuit load for one range in accordance with
Table 220-19 in the National Electrical Code®. The branch-circuit load for one wall-mounted oven or one counter-mounted
cooking unit shall be the nameplate rating of the appliance. The branch-circuit load for a counter-mounted cooking unit
and not more than two wall-mounted ovens, all supplied from a single branch circuit and located in the same room, shall
be computed by adding the nameplate rating of the individual appliances and treating this total as equivalent to one range.

Note 5. This table also applies to household cooking appliances rated over 1 3/4 kW and used in instructional programs.
Reprinted with permission from NPFA 70-1990, the National Electrical Code ®, Copyright©1989, National Fire Protection Association, Quincy, MA
02269. This reprinted material is not the complete and official position of the National Fire Protection Association, on the referenced subject which is

represented only by the standard in its entirety.
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expressed as a percentage of nameplate rating,
depending on the number of appliances on a
branch circuit.

Heating and Air-Conditioning Loads

Where it is unlikely that two loads will be in
use at the same time, the NEC® allows the smaller
of the two loads to be omitted. Since the electric
heating load is usually larger than the air-
conditioning load, the air-conditioning load is
dropped when the service-entrance conductor size
is figured.

In determining branch circuit conductor size
for heating equipment, use 125-percent demand
factor. Also, figure the fan motor load, if
applicable, at 125-percent nameplate rating.

Water Heater Load

In determining the size of the service-entrance
conductor, apply the nameplate full-load current
rating (100 percent) of all fixed-storage type of
water heaters rated for 120 gallons or less.

The branch circuit conductors supplying water
heaters are required to be large enough to carry
125 percent of the nameplate full-load rating. Solution:

Motor Loads

Motors are classified as continuous duty, and
the branch circuit conductors supplying motors
have to be sized to carry 125 percent of the
full-load current rating. Conductors that are
feeding a group of motors have to be large enough
to carry 125 percent of all rated current of the
largest motor plus the sum of the full-load running
current of the remaining motors.

Branch circuit conductors supplying a com-
bination of motor loads and lighting or appliance
loads have to have an ampacity of 125 percent
of the largest motor plus the sum of the other
loads.

DETERMINATION OF NUMBER AND
SIZE OF BRANCH CIRCUITS

Determining the number of branch circuits
required to serve a dwelling unit is a relatively easy
process after you identify the number and type
of appliances that will be installed. You can
determine the general lighting and receptacle load
by multiplying the area of the dwelling by 3 VA.
The size of the branch circuits supplying the
remaining loads is based on the nameplate rating

of the device and is computed by using the
applicable demand factors. Solving this sample
problem will assist you in determining the size and
number of branch circuits for a dwelling unit.

Given:

1,600-sq-ft dwelling with 120-/240-V,
single-phase service

Two small appliance circuits and one
laundry circuit

Special appliance circuits

One 12-kVA range

One 1.2-kVA dishwasher

One 0.8-kVA compactor

One 6.0-kVA water heater

One 10-kVA central heater

General lighting and receptacle load

1,600 sq ft × 3 VA = 4,800 VA

120 V × 15 amps (circuit breaker capacity)
= 1,800 VA

The number of 15-amp circuits is deter-
mined as follows:

4,800 VA
1,800 VA = three 15-amp circuits

Small appliance and laundry circuits

Three 20-amp circuits are required.

12-kVA range

The demand factor (table 3-4) for a
12-kVA range is 8kVA.

8,000 VA
240 V = 33.33 amps

One 35-amp circuit is required.
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1.2-kVA dishwasher

1,200 VA
120 v = 10 amps

One 15-amp circuit is required.

0.8-kVA compactor

800 VA
120 v = 6.6 amps

One 15-amp circuit is required.

6.0-kVA water heater

The demand factor for a water heater is
125 percent.

6,000 VA × 125 percent
240 V = 31 amps

One 35-amp circuit is required.

10-kVA central heater

The demand factor for space heating is 125
percent.

10,000 VA × 125 percent
240 V = 52 amps

One 60-amp circuit is required.

The total number and size of branch circuits
required to serve the sample dwelling are as
follows:

Five 15-amp circuits

Three 20-amp circuits

Two 35-amp circuits

One 60-amp circuit

SIZING OF SERVICE-ENTRANCE
CONDUCTORS

The most important point to remember when
you are determining the size of service-entrance
conductors is to ensure they are large enough to
carry the load. A conductor that is too small may
become overheated and create a fire hazard. On
the other hand, sizing the conductors far too

large to supply the load can be expensive and
unnecessary.

The NEC® (Section 230-42(b)) has established
the minimum size for service-entrance conductors
as the following:

1. 100-ampere for a three-wire service to a
single-family dwelling with six or more two-wire
branch circuits.

2. 100-ampere for a three-wire service to a
single-family dwelling when the total load has
been determined to be 10 kVA or more.

3. 60-ampere service for other loads.

Determine the size of the service-entrance
conductors in the following example.

Given:

1,600-sq-ft dwelling with 120-/240-V,
single-phase service

Two small appliance loads and one
laundry load

Special appliance loads

12-kVA range

6.0-kVA dryer

15-kVA central heater

9.0-kVA air conditioner

4.8-kVA water heater

1.2-kVA dishwasher

0.8-kVA disposal

1.6-kVA attic fan

0.4-kVA vent fan

Solution:

General lighting and receptacle loads

1,600 sq ft × 3 VA = 4,800 VA

Small appliance loads

1,500 VA × 3 circuits = 4,500 VA

Total = 9,300 VA
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The demand factor (table 3-2) for general lighting
and small appliance loads is as follows:

First 3,000 VA × 100 percent = 3,000 VA

Remaining 6,300 VA × 35 percent = 2,205 VA

Total demand load = 5,205 VA

12-kVA range

The demand factor (table 3-4) for a
12-kVA range is 8 kVA.

Total demand load = 8,000 VA

6.0-kVA dryer

The demand factor (table 3-3) for one
6-kVA dryer is 100 percent.

Total demand load = 6,000 VA

Heating and air conditioning

The smallest load (air conditioning) can be
disregarded. The demand factor for
heating load is 100 percent.

Total demand load = 15,000 VA

• Fixed appliances

The demand factor for four or more fixed
appliances is 75 percent.

Water heater = 4,800 VA

Dishwasher = 1,200 VA

Disposal = 800 VA

Attic fan = 1,600 VA

Vent fan = 400 VA

Total = 8,800 VA

8,800 VA × 75 percent of demand factor
= total demand load of 6,600 VA

Largest motor load

The demand factor for largest motor load
is an additional 25 percent.

1,600 VA × 25 percent = total demand
load of 400 VA

3-8

Total connected load for phases A and B

General lighting 5,205 VA

Range 8,000 VA

Dryer

Heating

Fixed appliances

Motor

6,000 VA

15,000 VA

6,600 VA

400 VA

Total = 41,205 VA

41,205 VA
240 V = 171.7 amps

Refer to table 3-5 (NEC® table 310-16), column
2, to determine the size of the entrance conductor.
Two 2/0 THW copper conductors are required.

SIZING OF NEUTRAL CONDUCTORS

The neutral conductor is required to be large
enough to carry the maximum unbalanced load
between the neutral conductor and any phase
conductor. For example, if phase A on a 240-volt,
single-phase service carried a 75-amp, 120-volt
load and phase B carried a 50-amp, 120-volt load,
the neutral would have to carry the difference,
or 25 amps. However, the largest load between
any phase and neutral is 75 amps, so the neutral
conductor must be rated to that ampacity.

Since the neutral conductor has to carry only
phase-to-neutral loads (120 volts), all single-phase
or three-phase, 208-volt or 240-volt loads can be
omitted. There is one exception to this rule,
however. For a feeder supplying household
electric ranges, wall-mounted ovens, counter-
mounted cooking units, and electric dryers, the
maximum unbalanced load must be computed at
70 percent of the demand load. Electric ranges
and dryers cannot be considered phase-to-phase
loads because they may have 120-volt heating
elements or 120-volt motors.

As a sample problem, let’s determine the size
of the neutral conductor in the previous example.

General lighting and receptacle demand
load = 5,205 VA



Table 3-5.—Ampacities of Insulated Conductors Rated 0-2000 Volts, 60° to 90°C (140° to 194°F) Not More Than
Three Conductors in Raceway or Cable or Earth (Directly Buried), Based on Ambient Temperature of 30°C
(86°F)

†Unless otherwise specifically permitted elsewhere in this Code, the overcurrent protection for conductor types marked with an
obelisk (†) shall not exceed 15 amperes for 14 AWG, 20 amperes for 12 AWG, and 30 amperes for 10 AWG copper; or 15 amperes for
12 AWG and 25 amperes for 10 AWG aluminum and copper-clad aluminum after any correction factors for ambient temperature and number
of conductors have been applied.

Reprinted with permission from NPFA 70-1990, the National Electrical Code®, Copyright©1989, National Fire Protection Association, Quincy, MA
02269. This reprinted material is not the complete and official position of the National Fire Protection Association, on the referenced subject which is

represented only by the standard in its entirety.
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Fixed appliances (phase to neutral)

Dishwasher = 1,200 VA

Disposal = 800 VA

Attic fan = 1,600 VA

V e n t  =  4 0 0  V A

4,000 VA

4,000 VA × 75 percent
demand factor = 3,000 VA

Range load

8,000 VA × 70 percent = 5,600 VA

Dryer load

6,000 VA × 70 percent = 4,200 VA

Largest motor load

1,600 VA × 25 percent = 400 VA

Total neutral load

General lighting 5,205 VA

Fixed appliances 3,000 VA

Range

Dryer

Largest motor

5,600 VA

4,200 VA

400 VA

18,405 VA

18,405 VA
240 V = 76.7 amps

Refer to table 3-5, column 2, to determine the size
of the neutral conductor.

One No. 4 THW copper conductor is
required.

NOTE: The NEC® states that the size of the
neutral conductor (grounded conductor) shall not
be less than the size of the grounding electrode
conductor.

Table 3-6 (NEC®, table 250-94) shows the
minimum grounding electrode conductor size

based on the size of the service-entrance
conductor. In the previous example we determined
that a No. 4 THW copper conductor was needed
to carry the neutral current. Refer to table 3-6 to
determine the neutral conductor size required for
a 2/0 service-entrance conductor. A No.4 THW
copper conductor is the correct size in this example
but not in every case. Always consult table 3-6
after making the neutral conductor load calcu-
l a t i o n s .

INDUSTRIAL BUILDINGS
AND SHOPS

Determining electrical service requirements for
industrial buildings and shops is quite different
from determining dwelling unit services. Branch
circuits supplying lighting loads may serve lighting
loads only. Receptacle circuits may supply
receptacle outlets only. Individual appliances and
equipment are identified as special appliance loads
or motor loads. The branch circuits supplying
these devices are determined by nameplate ratings.

TYPES OF INDUSTRIAL LOAD

All industrial loads are categorized as
continuous or noncontinuous duty, depending on
their uses. A load is considered continuous duty
if the appliance or motor operates 3 hours or
more. Conductors supplying continuous duty
loads are required to have an ampacity equal
to 125 percent of the total connected load.
Conductors for noncontinuous duty loads have
to be large enough to supply 100 percent of the
total connected load.

Industrial loads can be divided into four
groups: general lighting loads, general-purpose
receptacle loads, special appliance loads, and
motor loads.

General Lighting Loads

Lighting loads for industrial buildings may be
computed using the VA-per-square-foot ratio
listed in table 3-1. Receptacle loads may not be
included in the lighting load calculations. If
electric-discharge lighting is used, either the
VA-per-square-foot ratio or the sum of all ballasts
is used, whichever is larger. Remember, any
lighting loads identified as continuous duty is to
be computed at 125 percent of the total connected
load. The total connected load divided by the
circuit breaker rating determines the number of
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Size of Largest Service-Entrance Size of Grounding
Conductor or Equivalent Area for Electrode

Parallel Conductors Conductor

Copper

2 or smaller
1 or 1/0
2/0 or 3/0
Over 3/0 thru

350 kcmil
Over 350 kcmil

thru 600 kcmil
Over 600 kcmil

thru 1100 kcmil
Over 1100 kcmil

Aluminum or
Copper-Clad
Aluminum

1/0 or smaller
2/0 or 3/0
4/0 or 250 kcmil
Over 250 kcmil

thru 500 kcmil
Over 500 kcmil

thru 900 kcmil
Over 900 kcmil

thru 1750 kcmil
Over 1750 kcmil

Copper

1/0

2/0

3/0

*Aluminum or
Copper-Clad
Aluminum

6
4
2
1/0

3/0

4/0

250 kcmil

Table 3-6.—Grounding Electrode Conductor for AC Systems

Where multiple sets of service-entrance conductors are used as permitted in Section 230-40, Exception
No. 2, the equivalent size of the largest service-entrance conductor shall be determined by the largest
sum of the areas of the corresponding conductors of each set.

Where there are no service-entrance conductors, the grounding electrode conductor size shall be
determined by the equivalent size of the largest service-entrance conductor required for the load to
be served.

*See installation restrictions in Section 250-92(a).
(FPN): See Section 250-23 (b).

Exception No. 1: Grounded Systems.
a. Where connected to made electrodes as in Section 250-83(c) or (d), that portion of the grounding

electrode conductor which is the sole connection to the grounding electrode shall not be required to
be larger than No. 6 copper wire or No. 4 aluminum wire.

b. Where connected to a concrete-encased electrode as in Section 250-81(c), that portion of the
grounding electrode conductor which is the sole connection to the grounding electrode shall not be
required to be larger than No. 4 copper wire.

c. Where connected to a ground ring as in Section 250-81(d), that portion of the grounding electrode
conductor which is the sole connection to the grounding electrode shall not be required to be larger
than the conductor used for the ground ring.

Exception No. 2: Ungrounded Systems.
a. Where connected to made electrodes as in Section 250-83(c) or (d), that portion of the grounding

electrode conductor which is the sole connection to the grounding electrode shall not be required to
be larger than No. 6 copper wire or No. 4 aluminum wire.

b. Where connected to a concrete-encased electrode as in Section 250-81(c), that portion of the
grouding electrode conductor which is the sole connection to the grounding electrode shall not be required
to be larger than No. 4 copper wire.

c. Where connected to a ground ring as in Section 250-81(d), that portion of the grounding electrode
conductor which is the sole connection to the grounding electrode shall not be required to be larger
than the conductor used for the ground ring.

Reprinted with permission from NPFA 70-1990, the National Electrical Code®, Copyright©1989, National Fire Protection Association, Quincy, MA
02269. This reprinted material is not the complete and official position of the National Fire Protection Association, on the referenced subject which is

represented only by the standard in its entirety.
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branch circuits required to supply the lighting
load.

The NEC® permits the use of a demand factor
for lighting loads installed in the industrial and
commercial buildings listed in table 3-2.

General-Purpose Receptacle Loads Motor Loads

All receptacles used in industrial areas have As we discussed in the dwelling units section
to be computed at 180 VA per outlet. One of this chapter, all motors are classified as
exception to this rule involves the use of multi- continuous duty. The branch circuit conductors
outlet assemblies (prefabricated, wall-mounted supplying one motor must be sized to carry 125
outlet strips). The load for outlet strips is to be percent of the full-load current rating. If
computed at 180 VA for every 5 feet of assembly. conductors are feeding a group of motors, they
If the outlet strip will be heavily loaded with are required to be large enough to carry 125
portable tools, such as bench grinders, drill percent of the full-load current of the largest
presses, soldering irons, and so forth, a load of motor plus the sum of the full-load current of the
180 VA per foot is to be computed. remaining motors.

All receptacles identified as continuous duty
are required to be computed at 180 VA times 125
percent to obtain the total load rating. The
NEC® allows the use of a demand factor to all
noncontinuous duty receptacles. Table 3-7 states
that the first 10 kVA has to be figured at 100
percent and the remaining VA at 50 percent. This
reduction of load is based on the concept that not
all receptacles in a building are used at the same
time.

Branch circuit conductors supplying a com-
bination of motor loads and appliance or lighting
loads are required to have an ampacity of 125
percent of the largest motor plus the sum of the
other loads.

VOLTAGE DROP CALCULATION

Voltage drop becomes important in industrial
areas in which long runs of conductors are
supplying large (ampacity) loads. Excessive
voltage drop can cause overheating of breakers,
conductors, and appliances, creating a safety
hazard.

Special Appliance Loads

The branch circuit rating to supply special
appliances is computed using the nameplate rating
of the appliance. The NEC® permits the use of

Table 3-7.—Demand Factors for Nondwelling Receptacle
Loads

Portion of Receptacle Load to
which demand factor applies

(volt-amperes)

Demand
Factor
Percent

First 10 kVA or less
Remainder over 10 kVA at

100
50

Reprinted with permission from NPFA 70-1990, the National Electrical
Code®, Copyright©1989, National Fire Protection Association,
Quincy, MA 02269. This reprinted material is not the complete and
official position of the National Fire Protection Association, on the
referenced subject which is represented only by the standard in

its entirety.

demand factors for appliances, such as galley
equipment and arc welders. To determine the
correct demand factor for each application,
consult the NEC®.

Conductors for a branch circuit should be
sized to prevent a voltage drop exceeding 3 percent
at the farthest outlet of power, heating, or lighting
load. Conductors supplying a feeder circuit should
also be sized to prevent a voltage drop exceeding
3 percent at the farthest outlet.

Total voltage drop consists of the voltage drop
in the feeder plus the voltage drop in the
branch circuit. The maximum voltage drop of a
combination feeder/branch circuit should not
exceed 5 percent. The conductors of the feeder
should be sized to prevent a voltage drop of more
than 2 percent, and the conductors of the branch
circuit should be sized to prevent a voltage drop
exceeding 3 percent.

The basic formula for determining voltage
drop in a circuit is as follows:

26.X
VD = 2 × r × L × I

C M

3-12



where:

VD = voltage drop

r = resistivity for conductor material:

Aluminum = 18 ohms per CM-ft

Copper = 12 ohms per CM-ft

L = one-way length of circuit conductor in
feet

I = current in conductor in amperes

CM = conductor area in circular mils (See
table 8 in chapter 9 of the NEC® )

Sample problem: Determine the voltage drop
in a 230-volt, two-wire heating circuit. The
load is 50 amps. The conductor size is No. 6
AWG THW copper, and the one-way circuit
length is 150 feet.

VD = 2 × 12 × 150 ft × 50 180,000
26,240

=
26,240 = 6.86 V

The maximum voltage drop is 5 percent of
240 volts, or 12 volts. A 6.86-volt drop is
within the acceptable percentage. If the voltage
drop had exceeded 5 percent, a larger size
conductor would have to be used or the circuit
length shortened.

SIZING OF SERVICE-ENTRANCE
CONDUCTORS

The process of calculating the size of the
service-entrance conductors supplying an
industrial building is similar to the process
we performed for a single-dwelling unit.
The industrial load is divided into three
groups:

1. General lighting loads

2. General-purpose receptacle loads

3. Special or equipment loads

Apply the appropriate demand factors and
perform the standard calculations to determine
the total load. Use table 3-5 to determine the
correct service-entrance conductor size.

GROUND FAULT INTERRUPTERS

Ground fault interrupters (GFIs) are designed
to provide reliable protection from line-to-
ground faults, while other types of over-
current protection may see the ground fault
only as a load current. GFIs detect a ground
fault by using a current transformer with the
line and neutral conductors passing through
the center of the transformer (fig. 3-1). A
ground fault on any one of the conductors
causes an unbalance in the circuit. The current
transformer senses this unbalance and trips the
circuit breaker quickly. All GFIs manufactured
after 1 January 1976 are required to trip open
automatically when the fault current reaches 5
milliamps.

The NEC® requires all receptacles installed
in bathrooms, garages, and outside areas to
be protected by GFI circuit breakers or GFI
receptacles. An exception to this rule applies
to receptacles installed in garages to supply
power to dedicated appliances, such as re-
frigerators, freezers, or gas dryers. Also,
receptacles that are not readily accessible
are not required to have GFI protection; for
example, the receptacle for an overhead garage
door motor.

GFI-protected receptacles are required for all
120-volt, single-phase, 15-amp and 20-amp
circuits used by personnel on construction sites.
This requirement can be fulfilled by installing GFI
breakers on all receptacle circuits or by installing
GFI receptacles at the jobsite.

Figure 3-1.—GFI circuit breaker.
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ELECTRICAL INSTALLATIONS IN
HAZARDOUS LOCATIONS

The material in this section is presented to
develop your awareness of the special conditions
to consider when you are installing and maintain-
ing electrical equipment in hazardous locations.
The requirements for each particular hazardous
location project is beyond the scope of this
chapter. Always consult the NEC®, engineering
department, or local authority when you are
planning or constructing a project in a hazardous
location.

CLASSIFICATION OF HAZARDOUS
LOCATIONS

A “hazardous location” is defined as any
location where fire or explosion hazards may exist
because of flammable gases or vapors, flammable
liquids, combustible dust, or ignitible fibers.
Articles 501, 502, and 503 of the NEC® classify
these hazardous locations and specify the electrical
components that are required to be installed in
such locations to ensure safe operation.

The NEC® divides hazardous locations into
three classes: Classes I, II, and III and two
divisions: Divisions 1 and 2.

Class I locations are those in which flammable
gases or vapors are or may be present in quantities
sufficient to cause explosions or fires. Class I
locations include such facilities as fuel farms,
flammable storage lockers, and paint spray
booths. Class II locations are those where there
is a potential for explosion or fire because
combustible dust is present. Class III locations are
ignitible-fiber locations.

Each hazardous class has two divisions. In
Division 1 under each class, the particular hazard
exists at any or all times of normal operation.
Division 2 applies to locations where a hazard
would exist if an accident, equipment failure, or
unusual condition occurred. For example, Class
I, Division 1 locations are areas where flammable
gases or vapors are present during normal
operating conditions, such as a paint spray booth.
A flammable storage locker is considered a Class
I, Division 2 location, and the hazard would exist
only if the storage containers were accidentally
ruptured or a spill occurred.

WIRING METHODS IN
HAZARDOUS LOCATIONS

The NEC® recommends that wherever
possible electrical equipment supplying hazardous
locations be installed in less hazardous areas. It
also suggests that by adequate ventilation, the

hazardous condition may be reduced or elimi-
nated. The installation of dust-collecting systems
may greatly reduce the hazards in a Class II
location.

Equipment and Fittings

When you are installing or repairing
equipment in hazardous locations, first be sure
you know exactly how the location is classified.
Always select equipment that is specifically
designed for that classification. Table 3-8 indicates
some of the equipment that should be used in
hazardous locations. The table does not include
all electrical equipment; nor does it cover specific
applications within each class of hazardous
location.

As you can see by reviewing table 3-8, Class
I locations are considered the most hazardous
locations. Rigid metal conduit, intermediate metal
conduit (IMC), or type MI (mineral-insulated)
cable must be used in most locations. All fixtures
and fillings must be explosion proof and threaded.

Sealing and Bonding

The NEC® requires that seals be installed in
conduit systems in a majority of Class I, Division
1 and 2 locations. The purpose of the seal is to
prevent an explosion in an enclosure from
traveling through the conduit to other enclosures.
Seals are required in conduits as follows:

1. In each conduit run entering an enclosure
where sparks, arcs, or high temperature could be
present. Seals must be placed as close as
practicable but not more than 18 inches from the
enclosure.

2. In each conduit run of 2-inch size or larger
entering an enclosure that houses terminals,
splices, or taps.

3. In each conduit run passing from a Class I
hazardous location into a nonhazardous location.
The seal may be installed at any convenient point
in the run on either side of the boundary.

If there is a possibility that liquid or other
condensed vapor may build up in an enclosure or
conduit run, a drainage system has to be installed
to prevent accumulation in the system.

Grounding

Grounding requirements in hazardous loca-
tions are more stringent than in nonhazardous
areas. The use of double locknuts or locknut and
bushing grounding methods is not allowed in haz-
ardous locations. Bonding jumpers with approved
fittings must be installed to assure grounding
continuity in Class I, II, and III locations.
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Table 3-8.—Equipment Requirements in Hazardous Locations

CLASS I CLASS II CLASS III
MATERIAL

DIVISION 1 DIVISION 2 DIVISION 1 DIVISION 2 DIVISION 1 DIVISION 2

CONDUIT

RIGID

IMC

EMT

PVC

FLEXIBLE CONDUIT

EXPLOSION PROOF

LIQUID TIGHT

EXTRA-HARD USAGE CORD

BOXES AND FITTINGS

THREADED

EXPLOSION PROOF

DUST-IGNITION PROOF

DUST TIGHT

SWITCHES

EXPLOSION PROOF

GENERAL PURPOSE-HERM. SEALED

GENERAL PURPOSE-OIL IMMERSED

DUST-IGNITION PROOF

DUST TIGHT

NOTE: MI CABLE IS APPROVED FOR ALL HAZARDOUS LOCATIONS.
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CHAPTER 4

SOLID-STATE DEVICES AND CIRCUITS

Since the invention of the transistor, solid-state
devices have been developed and improved at an
unbelievable rate. Great strides have been made
in the manufacturing techniques, and there is no
foreseeable limit to the future of these devices.
Solid-state devices made from semiconductor
materials offer compactness, efficiency, rugged-
ness, and versatility. Consequently, these devices
have invaded virtually every field of science and
industry.

As the applications of solid-state devices
mount, the need for knowledge about these
devices become increasingly important. You, as
a Construction Electrician first class, will have to
understand solid-state devices if you are to become
proficient in the repair and maintenance of
electronic equipment. In this chapter, we will
define the common semiconductor components
and describe some of their applications in field
equipment. We will also discuss the use of
electronic test equipment required to perform
troubleshooting in the field.

This chapter will not, repeat, will not provide
solid-state theory of semiconductor devices. The
introduction to solid-state devices and power
supplies is explained in the Navy Electricity and
Electronics Training Series (NEETS), Module 7,
NAVEDTRA 172-07-00-82. It is highly recom-
mended that you complete Module 7 before
starting this chapter.

SEMICONDUCTOR DEVICES
AND SYMBOLS

There are many different types of semicon-
ductors. The specific devices commonly used are
rectifier diodes, zener diodes, silicon controlled
rectifiers (SCRs), transistors, unijunction
transistors (UJTs), and integrated circuits (ICs).

To clarify the purpose of each of these devices
in the circuit, we will describe each of these devices
and its function.

RECTIFIER DIODE

The rectifier is a device that will allow current
to flow through it in only one direction. Its
purpose is to convert alternating current (ac) to
direct current (dc), and it is used extensively in
battery chargers, fire alarm systems, and voltage
regulators. The schematic symbol and physical
package are shown in figure 4-1. The current flows
from the bottom (cathode) of the rectifier to the
top (anode). This is known as a forward polarity
rectifier. Other rectifiers are manufactured with

Figure 4-1.—Rectifier diode.
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Figure 4-2.—Rectifier diode polarity.

reverse polarity (fig. 4-2), and the flow of current
is then in the opposite direction (top [cathode] to
bottom [anode]). This type of reverse polarity
rectifier is easily identified by the letter R stamped
on the case or by the arrow pointed in the opposite
direction on the case. Whenever it is necessary to
change a rectifier, it is important to observe these
polarity marks to ensure that the rectifier used as
a replacement has exactly the same polarity with
the arrow pointed in the same direction.

ZENER DIODE

A zener diode (fig. 4-3) is designed to allow
a current to flow through it in a direction that is
reverse to the normal flow of current that would
occur if it were used as a rectifier. Current can
flow through a zener diode in both directions. In
the forward direction, current will flow at a low
voltage, usually about 1 volt. In the reverse
direction, no current will flow until the voltage
impressed across it is equal to the zener voltage.
At this point, a current will flow and an extremely
small increase in voltage will cause a large increase

in current. Most importantly, it should be noted
that the current flow through the zener diode is in
the reverse direction to that of a normal rectifier.

When the zener diode is connected to a source
of direct current through a resistor of the correct
value, the voltage drop across it can be made to
be relatively constant or remain at the same value
with wide variations or changes in the voltage of
the direct current source. With care in selection
of the zener diode and the series resistor, the
voltage drop across the diode will remain the same
regardless of changes in the source voltage and
temperature.

The purpose of the zener diode is to provide
a voltage reference.

SILICON CONTROLLED RECTIFIER

Figure 4-4 shows the physical outline and the
schematic symbol of the silicon controlled rectifier
(SCR). The SCR looks much like an ordinary
rectifier and has many of its characteristics.
Current will flow through the SCR in only one
direction, from the cathode to the anode. Unlike
the rectifier, the SCR must be electrically turned
on before any current will flow through it.

A current from an external source must flow
from the cathode to the gate to turn it on. When
the SCR is turned on by this method, it is said
to be “fired.” Circuits that supply this firing
current are called firing circuits.

Another characteristic of the SCR is its ability
to stay turned on or fired without the need of a
continuous current or signal supplied to the gate.
It will remain turned on even if the gate signal
is cut off until the current flow of the alternating
current main supply reverses its direction of
current flow. Because the SCR cannot conduct
in the opposite direction, no current will flow and

Figure 4-3.—Zener diode.
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Figure 4-4.—Silicon controlled rectifier.

it is said to be cut off. It will not conduct again
regardless of the current direction from the source
until the gate signal is again applied and the SCR
is fired. It will conduct only when fired by the gate
signal and when the alternating current flow is in
the correct direction (cathode to anode).

The ability of the SCR to stay turned on after
it is fired allows it to be fired with short bursts
or pulses of current applied to its gate circuit.
These pulses must be timed so that they will occur
when the alternating current flow is in the correct
direction; otherwise, no current will flow. This
is known as pulse firing and is the method used
to fire the SCRs in voltage regulators.

TRANSISTOR

Transistors are frequently used as amplifiers.
Some transistor circuits are current amplifiers with
a small load resistance; other circuits are designed
for voltage amplification and have a high load
resistance; others amplify power.

Transistors, like rectifiers, are made in two
polarity designs. Figure 4-5 shows the polarity
inherent in an NPN transistor. In the NPN
transistor, the current flows into the transistor
through the emitter and emerges through the
collector. There should be no confusion in finding
the correct type of transistor to use when making
a replacement, as each transistor must be replaced

Figure 4-5.—NPN transistor.
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with the exact type number (for instance,
2N1475), which automatically guarantees the
correct polarity.

In a transistor of the opposite polarity, called
a PNP transistor, the current enters the collector
and emerges from the emitter.

With a direct current of the correct polarity
for the NPN transistor, negative on the emitter
and positive connected to the collector, current
flows through the transistor if a current signal
(known as base current) is applied between the
base and the emitter. This transistor conducts
current from the emitter to the collector. The
stronger the base current, the greater the flow of
current through the emitter-collector circuit. This
feature of its operation gives the transistor its
amplification characteristics.

Relatively small base currents (microamperes)
and voltage (1 volt is typical) cause relatively large
currents (several milliamperes) to flow in the
emitter circuit.

UNIJUNCTION TRANSISTOR

Another type of transistor is the unijunction.
The unijunction transistor (UJT) operates in an
entirely different manner from other transistors.
It is used in voltage regulators to generate the
current pulses that fire the SCRs.

The UJT (fig. 4-6) is a three-terminal semi-
conductor device that has electrical charac-
teristics quite different from the conventional

two-junction transistor. Physically, this transistor
consists of two ohmic contacts, called base 1 and
base 2, on opposite ends of a bar of silicon. A
single rectifying junction is located on base 2.

In normal operation, a positive voltage is
applied to base 2, and base 1 is grounded with
no emitter current flowing. The device acts like
a simple high-resistance voltage divider. When
sufficient positive voltage is applied to the emitter,
with respect to base 2, emitter current will flow.
The net result is a decrease in the resistance
between the emitter and base 1, so that as the
emitter current increases, the emitter voltage
decreases, and a negative resistance characteristic
is obtained. The output can be used as a
temperature-stable firing circuit for an SCR
control circuit.

INTEGRATED CIRCUIT

An integrated circuit (IC) is a device that
integrates (combines) both active components
(such as transistors and diodes) and passive
components (such as resistors and capacitors) of
a complete electronic circuit in a single chip (a tiny
slice or wafer of semiconductor crystal or
insulator).

ICs have almost eliminated the use of
individual components as the building blocks of
electronic prints. Instead, tiny chips have been
developed, the functions of which are not that of
a single component, but of dozens of transistors,

Figure 4-6.—Unijunction transistor.
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Figure 4-7.—Integrated circuit packages.

resistors, capacitors, and other electronic
elements, all interconnected to perform the task
of a complex circuit.

These chips are packaged to protect them and
help dissipate the heat generated in the device. One
of these packages may contain one or several
stages and often has several hundred components.
Some of the most common package styles are
shown in figure 4-7.

ICs are composed of parts so closely
associated with one another that repair becomes
almost impossible. In case of failure, the entire
IC package is replaced as a single component.

APPLICATIONS OF
SOLID-STATE DEVICES

The application of solid-state devices is
virtually unlimited. Because of the rugged

construction and small size of these devices, you
may encounter them in every facet of your job.
The scope of solid-state device application ranges
from devices as simple as room thermostats to the
more complicated ICs in fire alarm systems and
voltage regulators. The following paragraphs are
just a few examples of the ways in which solid-
state devices are being used in NCF equipment.

DIRECT CURRENT POWER SUPPLIES

Diodes are solid-state devices used chiefly as
rectifiers, converting alternating current (ac) to
direct current (dc). Diode rectifiers are used in fire
alarm power supplies, battery chargers, and
voltage regulators. A typical power supply circuit
that uses a diode bridge or full-wave bridge is
shown in figure 4-8.

Figure 4-8.—Typical bridge rectifier circuit.
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When the ac input is applied across the second-
ary winding of Tl, it will forward-bias diodes CR1
and CR3, or CR2 and CR4. When the top of the
transformer is positive with respect to the bottom,
as shown in figure 4-8 by the designation number
1, both CR1 and CR2 will feel this positive voltage.
CR1 will have a positive voltage on its cathode,
a reverse-bias condition; and CR2 will have a
positive voltage on its anode, a forward-bias
condition. At this same time, the bottom of the
secondary winding will be negative with respect
to the top; that is, CR4 will be in a forward-bias
condition and CR3, in a reverse-bias condition.

During the half cycle of the input designated
by the number 1 in figure 4-8, we find that CR2
and CR4 are forward biased and will therefore
conduct heavily. The conducting path is shown
by the solid arrows from the source (the secondary
winding of T1) through CR4 to ground, up
through RL, making the top of RL positive with
respect to the grounded end, to the junction of
CR2 and CR3. CR2, being forward biased, offers
the path of least resistance to current flow, and
this is the path current will take to get back to
the source.

During the alternation designated by the
number 2 in figure 4-8, shown by the dashed
arrows, the top of the secondary winding is going
negative while the bottom is going positive. The
negative voltage at the top is felt by both CR1 and
CR2, forward-biasing CR1 and reverse-biasing
CR2. The positive voltage on the bottom of the
T1 secondary is felt by CR3 and CR4, forward-
biasing CR3 and reverse-biasing CR4. Current
flow-starting at the source (T1 secondary
winding)-is through CR1 to ground, up through
RL (this is the same direction as it was when CR2
and CR4 were conducting, making the top of RL
positive with respect to its grounded end), to the
junction of CR2 and CR3. This time CR3 is
forward biased and offers the least opposition to
current flow, and current takes this path to return
to its source.

As can be seen, the diodes in the bridge circuit
operate in pairs; first one pair—CR1 and
CR3—conducts heavily, and then the other
pair—CR2 and CR4—conducts heavily. As
shown in the output waveform, we get one pulse
out for every half cycle of the input-or two
pulses out for every cycle in.

The bridge circuit will also indicate a
malfunction in one of two ways-it has no output
or a low output. If any one of the diodes opens,
the circuit will act as a half-wave rectifier with
a resultant lower output voltage.

VOLTAGE REGULATORS

A voltage regulator consists essentially of a
voltage-sensitive element and associated
mechanical or electrical means to produce the
changes necessary to maintain a predetermined,
constant generator voltage.

An introduction to or explanation of the many
different types and styles of voltage regulators
manufactured today surpasses the scope of this
chapter. All regulators accomplish the same job,
but different solid-state devices and circuits may
be used to arrive at the end result-voltage
regulation. Two typical voltage regulators used
in NCF generating equipment are the SCR voltage
regulator and the transistor voltage regulator.

Silicon Controlled Rectifier Regulator

The SCR regulator precisely controls the
output voltage of an ac electrical generating
system by controlling the amount of current
supplied to the exciter (or generator) field. This
regulator may be used with brushless rotary
exciters, brush type of rotary exciters, or direct
excitation machines.

The SCR regulator (fig. 4-9) senses the
generator voltage, compares a rectified sample of
that voltage with a reference diode (zener) voltage,

26.357.1X
Figure 4-9.—SCR voltage regulator block diagram.
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and supplies the field current required to maintain through CR6, capacitors C1 and C2, and filter
the predetermined ratio between the generator choke L1 (fig. 4-10). The sensing circuit will sense
voltage and the reference voltage. The SCR the generator voltage, rectify and filter this volt-
regulator consists of five basic circuits. These are age, and apply the resultant dc signal to the error
a sensing circuit, an error detector, an error detector and error amplifier. Transformer T1
amplifier, a power controller, and a stability (terminals E1 and E2) is used on single-phase appli-
network. The regulator also has an automatic cation, and transformer T2 (terminals E1, E2, and
voltage buildup circuit. E3) is added to supply three-phase sensing.

SENSING CIRCUIT.—This circuit consists ERROR DETECTOR.—The detector consists
of sensing transformer(s) T1 (T2), diodes CR1 of reference (zener) diode VR1 and a voltage

Figure 4-10.—SCR voltage regulator schematic diagram.
26.357X
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divider network, consisting of resistors R1, R2,
R3, and R5. This network provides a dc signal
that is proportional to the generator voltage. The
voltage at the junction of R3 and R5 is compared
to the voltage of VR1 to develop the error signal,
which is applied to the error amplifier.

ERROR AMPLIFIER.—The amplifier
consists of two-stage transistor amplifier Q1 and
Q2, unijunction transistor 43, emitter follower
44, and their associated components. The error
signal drives Q1, which, in turn, controls 42.
Transistor Q2 controls the charging time of
capacitor C4 in the emitter circuit of 43, thus
providing phase angle control of the firing signal
applied to the SCRs in the power, controller.
Transistor 44 provides the correct voltage to base
2 of 43 to maintain uniform SCR firing.

POWER CONTROLLER.—The power con-
troller consists of SCRs CR11 and CR12 and
diodes CR13 and CR14 in a bridge rectifier circuit.
The amount of output current depends upon the
conduction time of the SCRs and the exciter field
resistance. This circuit can be compared to a
variable rectifier placed between the power souce
(terminals 3 and 4) and the exciter field (terminals
F+ and F-).

INPUT POWER.—The voltage applied to the
regulator input power stage (terminals 3 and 4)
must be 120 volts for single-phase regulators and
either 208 or 240 volts for three-phase sensing
regulators. The input power may be taken from
any generator phase that provides the correct
voltage (line to line or line to neutral). The phase
relationship of this input voltage in relation
to other circuits is not important. When the
generator output voltage is greater than the
preceding values, a power transformer must. be
used to match the generator voltage to the
regulator input.

STABILITY NETWORK.—This circuit
provides stable operation under all operating
conditions. It consists of capacitors C6 and C7;
resistors R27, R28, R29; and variable resistor R4.
This resistance-capacitance (RC) network injects
a stabilizing signal from the power stage to the
error amplifier to prevent oscillations (hunting).
R4 determines the amount of stability applied to
the error amplifier.

AUTOMATIC VOLTAGE BUILDUP.—
Relay K1 provides automatic voltage buildup
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from generator residual voltage. Normally closed
contacts (relay de-energized) provide a current
path around the control rectifiers (CR11 and
CR12) to allow the generator residual voltage to
be converted to dc by diodes CR13, CR14, CR15,
and CR16 and applied to the exciter field. When
the generator voltage reaches approximately 75
percent of rated voltage, the relay pulls in,
removing the rectifier diodes, thereby allowing the
SCRs to take control. A minimum of 3 percent
generator residual is required for automatic
voltage buildup. If less than 3 percent exists,
external field flashing may be required.

PARALLEL COMPENSATION (REAC-
TIVE DROOP).—When parallel operation is
required, additional components are required in
the regulating system. These are resistor R25,
transformer T3, and current transformer CT1.
Two of the components are included in a parallel-
equipped voltage regulator. These are R25 and T3.
Current transformer CT1 is a separate item and
must be interconnected, as shown in figure 4-11.

These components allow the paralleled genera-
tors to share the reactive load and reduce
circulating reactive currents between them. This
is accomplished in the following manner.

A current transformer CT1 is installed in
phase B of each generator. It develops a signal
that is proportional in amplitude and phase to the
line current. This current signal develops a voltage
across resistor R25 (fig. 4-10). A slider on R25
supplies a part of this voltage to the primary of
transformer T3. The secondaries of T3 are
connected in series with the leads from the
secondary of sensing transformer T1 and the
sensing rectifiers located on the printed circuit
board. The ac voltage applied to the sensing
rectifier bridge is the vector sum of the stepped-
down sensing voltage (terminals El and E3) and
the parallel CT signal supplied through T3
(terminals 1 and 2). The regulator input sensing
voltage (terminals E1 and E3) and the parallel
compensation signal (terminals 1 and 2) must be
connected to the generator system so as to provide
the correct phase and polarity relationship.

Regulators with single-phase sensing provide
about 8 percent maximum droop while three-
phase-sensing regulators provide 6 percent droop.
When generators are paralleled to the same bus
and have different types of sensing, care must be
taken to compensate for these differences using
the slide wire adjustment on droop resistor R25.

When a resistive load (unity power factor) is
applied to the generator, the voltage that appears’



26.385X
Figure 4-11.—Parallel compensation interconnection diagram.

across R25 (and T3 windings) leads the sensing the two voltages result in a larger voltage being
voltage by 90 degrees, and the vector sum of the applied to the sensing rectifiers. Since the action
two voltages is nearly the same as the original of the regulator is to maintain a constant voltage
sensing voltage; consequently, almost no change at the sensing rectifiers, the regulator reacts by
occurs in generator output voltage. decreasing the generator output voltage.

When an inductive load (lagging power factor) When a leading power factor (capacitive) load
is applied to the generator, the voltage that is applied to the generator, the voltage across R25
appears across R25 becomes more in phase with becomes out of phase with the sensing voltage.
the sensing voltage, and the combined vectors of The combined vectors of the two voltages result
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REACTIVE DIFFERENTIAL COMPENSA-
TION (CROSSCURRENT).—Reactive dif-
ferential compensation allows two or more
paralleled generators to share inductive reactive
loads with no decrease or droop in the generator
system output voltage. This is accomplished by
the action and circuitry described previously for
reactive droop compensation and by the addition
of cross-connecting leads between the parallel CT
secondaries, as shown in figure 4-12. When the
finish of one parallel CT is connected to the start
of another, a closed series loop is formed. This
loop interconnects the CTs of all generators to
be paralleled. The signals from the interconnected
CTs cancel each other when the line currents are
proportional and in phase. No system voltage
decrease occurs. These regulators provide the
necessary circuit isolation so that parallel reactive
differential compensation can be used. THE
REACTIVE DIFFERENTIAL CIRCUIT CAN
BE USED ONLY WHEN ALL THE GEN-
ERATORS CONNECTED IN PARALLEL
HAVE IDENTICAL PARALLELING
CIRCUITS INCLUDED IN THE LOOP.
REACTIVE DIFFERENTIAL COMPEN-
SATION CANNOT BE USED WHEN
PARALLELED WITH THE UTILITY OR
OTHER INFINITE (UTILITY) BUS.

in a smaller voltage being applied to the sensing
rectifiers. Then the regulator reacts by increasing
the generator voltage.

When two generators are operating in parallel,
if the field excitation on one generator should
become excessive and cause a circulating current
to flow between generators, this current will
appear as a lagging power factor (inductive load)
to the generator with excessive field current and
a leading power factor (capacitive load) to the
other. The parallel compensation circuit will cause
the voltage regulator to decrease the field
excitation on the generator with the lagging power
factor and increase the field excitation on the
generator with the leading power factor so as to
minimize the circulating currents between the
generators.

This action and circuitry is called reac-
tive droop compensation (droop). It allows
two or more paralleled generators to share
inductive loads proportionally by causing a
decrease or droop in the generator system
voltage.

26.359X
Figure 4-12.—Crosscurrent compensation interconnection

diagram.

Transistor Voltage Regulator

The transistor voltage regulator uses transistor
amplifiers to control a saturable core transformer
that regulates field excitation. The circuitry also
includes a power supply, error detection and
amplifier circuit, stability circuit, crosscurrent
compensation circuit, and a field flash circuit. A
transistor voltage regulator circuit is shown in
figure 4-13. The assembly operates as follows:

1. The regulated exciter field voltage at
terminals S and R is obtained by saturable
core transformer T1. The inductance of this
transformer can be varied with the control
winding 5-7 so that the voltage ratio between
windings 1-2 and 3-4 may be increased or
decreased in proportion to the direct current
flowing in winding 5-7. When the magnitude of
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the control current increases, the inductance
decreases, and there is a lowered magnetic
coupling between the windings that carry the
alternating currents, hence a lowered voltage
output. The reverse occurs when the control
current is decreased.

2. The power input at terminals J and K is
supplied by current transformers at CT4, CT5,
and CT6 on the three generator load phases. The
voltage at terminals L and M is supplied from
phase C of the generator. The two inputs are
combined by transformer T1 under the control
of winding 5-7, then rectified by diodes CR1
through CR4 and supplied to the exciter field
through terminals S and R. In the event of a short
circuit, the voltage at L-M can drop to zero, but
there is a high voltage at J-K from the current
transformers so that the exciter provides sufficient
field current for the generator output to actuate
the protective devices to shut down the set.

3. The voltage at terminals S and R is
compared to the reference voltage at transistor Q1
and zener diode VR1 of differential amplifier
41-42. Any difference or error signal at the
collector of 42 is amplified by transistors QS-Q6
and 43-44 and then fed to control winding 5-7
of saturable core transformer T1. The transformer
will increase or decrease the exciter current
to reduce the error signal to zero, thereby
maintaining the output of the generator set within
the range as preset by resistor R33. Networks
R31-C1 and R32-C3 are used for phase shift
compensation. If hunting is present, adjustment
of R32 will provide the proper amount of
feedback to eliminate the hunting. Adjustment of
R31 will smooth and improve the transient
response.

4. The voltage at terminals A and B is
supplied by phase C of the generator through the
operator’s voltage adjust rheostat and from the
crosscurrent compensation network when two or
more generators are connected in parallel. This
voltage is stepped down by transformer T5,
rectified by diodes CR12-CR15, filtered by R16,
R2, C2, C5, and fed to the reference side of
differential amplifier 41-42.

5. The generator output voltage is determined
by the level of the reference voltage and is
controlled by the setting of R33, which adjusts
the range voltage and operator’s rheostat, which
sets the actual output. During parallel operation,
the reference voltage is dependent on the cross-
current compensation network. For example, if
one generator draws more current, the network
increases the magnitude of the reference voltage.
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This causes the voltage regulator to sense more
voltage, thereby decreasing the current to the
exciter field stator winding. This provides parallel
operations with droop.

6. Power for the transistor amplifiers and the
control winding (5-7 of T1) is obtained from
terminals L and M through step-down trans-
former T4 and diodes CR8 through CR11. Diode
CR17 and resistor R21 provide feedback to the
amplifiers to enhance the gain.

7. When the start switch of the generator set
is actuated, 24 volts dc from the battery bank is
applied to the exciter field (terminals S and R)
from terminals C and D through limiting resistor
R17 and isolation diode CR16. The purpose is to
build up the magnetic field in the main rotor
windings quickly to produce an immediate output
from the generator. This field flashing voltage is
then removed automatically by relay K5.

SOLID-STATE PROTECTIVE RELAYS

A protective relay is a device that when
energized by suitable inputs responds to these
inputs in a prescribed manner to indicate or isolate
an abnormal operating condition. The inputs to
these protective devices are usually electrical but
may be mechanical, thermal, or a combination
of these quantities. This discussion will be
concerned with solid-state relays having electrical
inputs.

Overvoltage Protective Relay

The overvoltage relay (fig. 4-14) is a solid-state
device that functions to protect the load in the
event that generator voltage exceeds preset limits.
It actuates after a predetermined time delay when
the generator voltage rises to approximately 125
percent of the rated output voltage. Upon
actuation, contacts within the overvoltage relay
close (K1, 7-8) to display the fault condition at
the annunciator and open (K1, 3-4) to secure the
generator set.

1. The ac input voltage (terminals 1 and 2) is
rectified by diode CR1 and applied to a voltage
divider network consisting of resistors R2, R3, and
R5. Zener diode CR4 conducts when the voltage
at the wiper of R5 exceeds its zener breakdown
voltage. The point at which the ac input voltage
causes the zener breakdown of CR2 can be
adjusted by R5.

2. When an overvoltage condition occurs,
zener diode CR4 conducts and triggers SCR1 for
conduction. This energizes relay K1 and causes



Undervoltage Protective Relay

The undervoltage relay (fig. 4-15) functions
to protect the load in the event the generator
decreases below preset limits. It actuates after a
predetermined time delay when generator voltage
decreases to approximately 75 percent of the rated
output voltage. Upon actuation, contacts within
the undervoltage relay close to signal the
annunicator and open to de-energize the generator
breaker (contactor), resulting in a display of the
fault condition and removal of the load from the
generator.

1. The single-phase input voltage is rectified
by diode CR2 and applied to a sampling network
consisting of resistors R1, R2, and R3. The dc
voltage sampled at the wiper of potentiometer R2
is filtered by capacitor C4. Transistor Q1
compares the sample voltage on capacitor C4 to
a reference voltage obtained by zener diode CR3.

2. When the input voltage is above the trip
point, transistor Q1 conducts. This causes zener
diode CR1 to limit the voltage across capacitors
C1, C2, and C3 to 15 volts. This voltage forward-
biases transistors 42 and 43 for conduction.
Transistors 42 and 43 function as a switch to
energize a relay contained in the encapsulated
base.

Figure 4-14.—Solid-state overvoltage protective relay.

its contacts to transfer. Resistor R1 limits the
current to the relay while the voltage to the relay
is limited to a peak value of 30 volts by zener
diodes CR2 and CR3.

3. Resistor R4 and capacitor C3 prevent
transients from triggering silicon controlled switch
SCR1 into conduction.

Figure 4-15.—Solid-state undervoltage protective relay.
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3. When the input voltage is below the trip
point or approximately the zener breakdown
voltage of CR3, transistor Q1 will turn off. When
this happens, the capacitors discharge through
resistors R6 and R8 and zener diode CR6. When
the voltage across these capacitors falls below the
zener breakdown voltage of CR6, transistors Q2
and Q3 will turn off. This de-energizes the relay.

4. Diodes CR7 through CR10 are used as a
full-wave bridge to rectify the input voltage to a
dc level for the detector circuit and the relay.
Capacitor C5 reduces the ripple of the rectified
voltage to prevent relay chatter.

Underfrequency Protective Relay

The underfrequency relay (fig. 4-16) is a solid-
state device that functions to protect the load in
the event generator frequency decreases below
preset limits. It actuates when the frequency
decreases to 55 hertz for 60-hertz operation and
46 hertz for 50-hertz operation. Upon actuation,
contacts within the relay close to signal the
annunicator and open to de-energize the generator
breaker (contactor), resulting in a display of the
fault condition and removal of the load from the
generator.

Frequency sensing is accomplished by a tuned
circuit consisting of capacitors C1 and C2 and
components in the encapsulated base. Zener

diodes CR1, CR2, and CR3 limit the peak voltage
to the tuned circuit. The ac output of the tuned
circuit is rectified by diode CR4 and applied to
a voltage divider consisting of resistors R1, R2,
R3, and R4. Transistor Q1 compares the voltage
at the wiper of potentiometer R3 with the
reference voltage established by zener diode CR7.
When transistor Q1 conducts, transistor 42
operates as a switch to control the coil voltage on
a relay contained in the encapsulated base. Both
transistors Q1 and Q2 and the relay in the
encapsulated base are energized when the
frequency of the input voltage to terminals 1 and
2 is normal frequency (50 to 60 hertz). When an
underfrequency condition occurs, the voltage at
the base of transistor Q1 is not sufficient
for conduction. This causes the relay to be
de-energized and its contacts to switch. The
underfrequency trip point is adjusted by potenti-
ometer R3.

Reverse-Power Protective Relay

The reverse-power relay (fig. 4-17) is a
solid-state device that functions to protect
the generator in the event of a reverse-power
operating condition during parallel operation. It
operates in conjunction with the load measure-
ment unit. This unit produces a dc output voltage
whose polarity and magnitude are functions of

Figure 4-16.—Solid-state underfrequency protective relay.,
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Figure 4-17.—Solid-state reverse-power protective relay.

the total load on the generator set regardless of
phase or power factor. When the reverse-power
flow into the generator exceeds 20 percent of rated
load, the load measurement unit output has
sufficient magnitude and correct polarity to cause
the reverse-power relay to activate. Upon
actuation, contacts within the reverse-power relay
close to signal the annunicator and open to
de-energize the generator breaker (contactor).
This results in a display of the fault condition and
removal of the load from the generator.

1. During normal operation with power
passing from the generator set to the load, the
load measurement unit impresses a dc signal
across terminals 1 and 2 of the reverse-power
relay, with terminal 1 negative and terminal 2
positive. This reverse-biases transistor Q1 off,
causing Q2 and Q3 to be off and relay coil K1
to be de-energized. Thus, under all conditions of
forward power by the generator set, relay K1 is
de-energized, terminals 5 and 6 remain open, and
terminals 7 and 8 are shorted.

2. Reverse-power trip-level-control potenti-
omenter R2 is factory adjusted to cause relay coil
K1 to be energized when dc voltage of 2 volts is
impressed across terminals 1 and 2, with terminal
1 positive and terminal 2 negative.

3. When the system reverse power reaches 20
percent, the dc voltage across the wiper of R2 and
terminal 2 has sufficient magnitude to turn Q1
on. The superimposed ac voltage on the dc input
to terminals 1 and 2 is then impressed across the

anode of CR2 and terminal 4. Diode CR3 rectifies
this ac signal and capacitor C2 smooths it. The
resultant dc voltage forward-biases Q2 and Q3 on,
causing relay coil K1 to become energized.

Overload Protective Relay

The overload (overcurrent) relay (fig. 4-18) is
a solid-state device whose function is to protect
the load in the event of an overload condition.
An “overload condition” is defined as the state
in which generator output current in any phase
exceeds 110 percent of rated value. The overload
relay is a current-sensing device and operates on
an inverse-time principle as the current in any
phase (coil A, B, or C) exceeds the overload state.
At the point just above 130 percent of rated
current, the overload relay will actuate in
approximately 10 minutes. Upon actuation,
contacts within the overload relay close to signal
the annunicator and open to de-energize the
generator breaker (contactor). This results in the
display of the fault condition and the removal of
the load from the generator.

TESTING SOLID-STATE DEVICES

After electrical generating plants, distribution
systems, communications systems, and other

Figure 4-18.—Solid-state overload protective relay.
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electrical apparatus and equipment have been
constructed and put into operation, they must be
tested, inspected, and maintained.

To do this, you must know how to operate
the various testing and measuring instruments to
test for grounds, opens, and shorts and be able
to measure current, voltage, power, resistance,
frequency, and so forth,

The theory of operation for basic types
of testing and measuring devices, such as
megohmmeters, voltmeters, ammeters, and
ohmmeters, is explained in the Construction
Electrician 3 & 2 training manual. More
sophisticated types of test equipment presently
being distributed to the battalions and shore
facilities will be discussed in this chapter. These
include the transistor tester, waveform analyzer
(oscilloscope), and the capacitor-inductor
analyzer. You undoubtedly recognize the
importance of becoming familiar with any test
equipment capable of performing tests on these
newer components and the advantages each of
these specialized instruments has. Knowledge on
the use of these instruments will enable you to
place equipment into operation status quickly and
safely. As you increase your capabilities, you
should find it easier to advance in rate.

Solid-state devices, although generally more
rugged mechanically than vacuum tubes, are
susceptible to damage by excessive heat and
electrical overload. The following precautions
have to be taken in servicing transistorized
equipment:

Check equipment and soldering irons to
make certain that there is no leakage current from
the power source. If leakage current is detected,
use isolation transformers.

Do not use ohmmeter ranges that require
a current of more than 1 milliampere in the test
circuit for testing transistors.

Do not use battery eliminators to furnish
power for transistor test equipment because these
devices have poor voltage regulation and possibly
high ripple voltage.

When soldered connections are required,
keep the heat applied to a transistor to a minimum
by using a low-wattage soldering iron and heat
shunts, such as long-nose pliers, on the transistor
leads.

Check all associated circuits for defects
before rejecting a transistor.

Remove all power from the equipment
before you replace a transistor or other circuit
part.

On equipment with closely spaced parts,
the placement of conventional test probes is often
the cause of accidental short circuits between
adjacent terminals. Momentary short circuits,
which rarely cause damage to a vacuum tube, may
ruin a transistor. To avoid accidental shorts, you
can cover test probes with insulation for all but
a short length of the tip.

RECTIFIER DIODE TESTING

A convenient test for a rectifier diode requires
only an ohmmeter. The forward-and-back
resistance can be measured at a voltage
determined by the battery potential of the
ohmmeter and the resistance range at which the
meter is set. When the test leads of the ohmmeter
are connected to the diode, a resistance will be
measured that is different from the resistance
indicated if the leads are reversed. The smaller
value is called the FORWARD resistance, and the
larger value is called the BACK resistance. If the
ratio of back-to-forward resistance is greater than
10:1, the diode should be capable of functioning
as a rectifier. This is a limited test and does not
take into account the action of the diode at
voltages of different magnitudes and frequencies.

Another test that may be performed on a
diode is the front-to-back current leakage. This
test will be discussed in the “Transistor Testing”
portion of this chapter.

ZENER DIODE TESTING

The testing of zener diodes requires a variable
dc power supply. A typical test circuit can be
constructed, as shown in figure 4-19. In this
circuit, the variable power supply is used to adjust
the input voltage to a suitable value for the zener
diode being tested. Resistor R1 limits the current
through the diode. With the zener diode connected
as shown in figure 4-19, no current will flow until
the voltage across the diode is equal to the zener
voltage. If the diode is connected in the opposite
direction, current will flow at a low voltage,
usually less than 1 volt. Current flow at a low
voltage in both directions indicates that the zener
diode is defective.
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Figure 4-19.—Testing a zener diode.

SILICON CONTROLLED
RECTIFIER TESTING

To test an SCR, connect an ohmmeter between
the anode and cathode, as shown in figure 4-20.
Start the test at R × 10,000 and reduce the value
gradually. The SCR under test should show a high
resistance regardless of the ohmmeter polarity.
The anode, which is connected to the positive lead
to the ohmmeter, is now to be shorted to the gate.
This will cause the SCR to conduct, giving a low
resistance reading on the ohmmeter. Removing
the anode-to-gate short will not stop the SCR
from conducting. Removal of either of the
ohmmeter leads will cause the SCR to stop
conducting, and the resistance reading will then

Figure 4-20.—Testing an SCR with an ohmmeter.

return to its previous high value. Some SCRs will
not operate when connected to an ohmmeter. The
reason for this is that the ohmmeter does not
supply enough current. However, most of the
SCRs in Navy equipment can be tested by the
ohmmeter method. If an SCR is sensitive, the
R × 1 scale may supply too much current to the
device and damage it. It is advisable to try testing
sensitive SCRs on the higher resistance scales.

An SCR can also be tested for switching action
and leakage, as discussed in the “Transistor
Testing” section of this chapter.

UNIJUNCTION TRANSISTOR TESTING

Testing a unijunction transistor (UJT) is a
relatively easy task if you view the UJT as being
a diode connected to the junction of two resistors,
as shown in figure 4-21. With an ohmmeter,
measure the resistance between base 1 and base
2; then reverse the ohmmeter leads and take
another reading. Both readings should show the
same high resistance regardless of the meter lead
polarity. Connect the ohmmeter’s negative lead
to the UJT’s emitter. Using the positive lead,
measure the resistance from the emitter to base
1, and then from the emitter to base 2. Both
readings should indicate high resistances
approximately equal to each other. Disconnect the
negative lead from the emitter and connect the
positive lead to it. Using the negative lead,
measure the resistance from the emitter to base
1, then from emitter to base 2. Both readings

Figure 4-21.—Unijunction transistor equivalent circuit.
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should indicate low resistances approximately
equal to each other.

TRANSISTOR TESTING

Most transistors that fail do so completely.
These transistors can be detected by using the
transistor gain test. Two exceptions are transistors
that are just starting to fail and transistors in
critical bias circuits. The quality of these
transistors can be checked by using the transistor
leakage test. An accurate, easy-to-use transistor
tester (fig. 4-22) that allows both in- and out-of-
circuit testing can make you more efficient in
troubleshooting solid-state circuits.

The transistor tester can also test diodes,
SCRs, and field effect transistors (FETs). An FET
is a device that combines the high input impedance
of the vacuum tube with all the advantages of the
transistor. For detailed testing information on
FETs, consult the transistor tester operator’s
manual.

If a transistor checks BAD in circuit and
GOOD out of circuit (including leakage), there
is probably something wrong in the circuit.

Transistor Leakage

4-18
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Figure 4-22.—Sencore TF46 transistor and FET tester.

Leakage in a transistor can shunt signals or
change bias voltages and upset circuit operation
even though the transistor has gain. Transistor
leakage should be checked whenever circuit
troubleshooting indicates improper bias voltages
even though the transistor has gain.

Transistor Gain

The transistor gain test provides a safe and
reliable method of determining if a transistor has
gain. The gain test is a Go/No-Go test providing
a test tone and meter indication that indicates gain
is present. No technical information is needed for
testing for transistor gain. The same procedure
is used for testing a transistor in or out of circuit.

WARNING

Be sure power to the transistor has been
removed and filter capacitors discharged
before connecting the test leads.

To test for transistor gain:

1. Connect the three test leads to the three
leads of the transistor in any order.

NOTE: The position (up or depressed) of the
PARAMETER SELECTOR buttons (to the left
of the PERMUTATOR SWITCH) has no effect
on the test.

2. Rotate the PERMUTATOR SWITCH one
complete turn while watching the meter and/or
listening for the test tone. If the transistorhas
gain, the meter will read in the GOOD portion
of the GAIN scale in either one or two
PERMUTATOR SWITCH positions.

3. If the transistor tests BAD in circuit, check
the schematic of the transistor being tested to see
if there is a low-impedance shunt path around the
transistor (between any two elements).

It is recommended that transistors that check
BAD in circuit be removed from the circuit and
tested again to eliminate the possibility of external’
loading. If the transistor now checks GOOD,
perform the out-of-circuit leakage check.



There are six possible leakage paths in a
transistor (fig. 4-23). Collector/base (ICBO) and
emitter/base (IEBO) leakage paths are the two key
leakage paths that most often upset circuit
operation. The tester will read all six paths if you
rotate the PERMUTATOR SWITCH through all
six positions indicated for the polarity of the
device under the test.

KEY LEAKAGE TEST

Leakage tests should be done out of circuit,
since the associated components of the circuit may
cause false leakage readings.

To test for key leakage:

1. Perform the transistor gain test as described
previously. Note the two positions that indicate
GOOD gain on this test.

2. Depress the LEAKAGE push button with
the PERMUTATOR SWITCH in either of the
transistor gain positions and read the leakage on
the lower (ICBO/IGSS) scale of the meter.

3. Switch the PERMUTATOR SWITCH to
the other position that gave the transistor gain
test. Again depress the leakage button and read
the leakage on the meter. Refer to table 4-1 for
typical leakage limits.

Rectifier Diode Testing

The transistor tester can check the front-to-
back current leakage of a diode. Since the
resulting readings are given in microamperes, the
results may be compared to a specification (spec)
sheet to determine if the diode is within specs. The

26.361.1X
Figure 4-23.—Leakage paths for a PNP transistor.

Table 4-1.—Transistor Leakage Chart

MAXIMUM LEAKAGE
FOR “GOOD” TRANSISTORS

DEVICE KEY LEAKAGE

Small Si. Trans. 0.1µA
Large Si, Small Ge. Trans. 1-50µA
Large Ge. Trans. 10-2500µA
JFET 0µA
MOSFET 0µA

26.X

test will also determine the polarity of an
unknown diode. The test should be done out of
circuit since current paths through external
components in a circuit may cause false leakage
readings.

To test a diode:

1. Connect the RED and GREEN test leads
to the diode leads in either order.

2. Move the PERMUTATOR SWITCH to
either of the two positions marked “DIODE.”

3. Press the LEAKAGE (DIODE) switch and
note the amount of leakage current on the
LEAKAGE scale of the meter.

4. Repeat Step 3 in the other position
of the PERMUTATOR SWITCH marked
“DIODE.”

a. A good diode will show one high and
one low leakage reading.

b. A shorted diode will show high leakage
in both positions.

c. An open diode will show no leakage in
either position.

5. To determine the polarity of the diode
under test:

a. If the highest reading was obtained in
the YGR position, connect the cathode to the
RED lead.

b. If the highest reading was obtained in
the YRG position, connect the cathode to the
GREEN lead.
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Silicon Controlled Rectifier Testing

Although the transistor tester is not specifically
designed to test SCRs, it will test many types. The
SCR specification that determines whether or not
it can be tested is the gate trigger voltage or
current.

Two tests are available for SCR testing:
switching action (gain) and leakage.

To test for SCR switching action:

1. Connect the three leads of the tester to the
SCR as if it were a transistor.

2. Perform the transistor gain test.
3. An SCR that is being triggered by the tester

and switching properly will show one position as
a good PNP transistor and one as a good NPN
transistor.

4. If no good readings are obtained, use a
comparison test by testing a replacement SCR of
the same type. If the replacement SCR tests
properly, use the results of Step 3 as the. test
results.

5. If the replacement SCR does not test, the
trigger characteristics are beyond the test signal
levels supplied by the tester. Proceed with the SCR
leakage test.

Testing for SCR leakage:

1. Connect the RED and GREEN leads of the
tester to the anode and cathode leads of the SCR
under test.

2. Perform the diode test.
3. If the SCR is shorted, both positions of the

test will show high leakage.
4. If the SCR is not leaky, NEITHER position

will show high leakage.
5. An open SCR will not be detected unless

it is one that can be tested using the transistor gain
test.

TESTING INTEGRATED CIRCUITS

Digital ICs are relatively easy to troubleshoot
and test because of the limited numbers of
input/output combinations involved. Any
particular IC can be tested by simply comparing
it to a known good one. A device that can be of
great value in troubleshooting integrated circuits
is the logic probe shown in figure 4-24.

Use of a suitable logic probe can greatly
simplify the troubleshooting of logic levels
through integrated circuitry. It can show you
immediately whether a specific point in the circuit
is low, high, open, or pulsing. Some probes have
a feature that detects and displays high-speed
transient pulses as small as 10 nanoseconds wide.

Figure 4-24.—Typical logic probe.

These probes are usually connected directly to the
power supply of the device being tested, although
a few also have internal batteries. Since most IC
failures show up as a point in the circuit stuck
either at a high or low level, these probes provide
a quick, inexpensive way of locating the fault.
They can also display that single short-duration
pulse that is hard to catch on an oscilloscope.

Testing ICs uses an approach somewhat
different from that used in testing transistors. The
physical construction of ICs is the prime reason
for this different approach. The most frequently
used ICs are manufactured with either fourteen
or sixteen pins, all of which are soldered directly
into the circuit. It can be quite a job to unsolder
all of these pins, even with the special tools
designed for this purpose. After unsoldering all
of the pins, you then have the tedious job of
cleaning and straightening them. Although there
are a few IC testers on the market, their
applications are highly limited. Just as the
transistor must be removed from the circuit for
checking on a tester, the IC must be removed to
permit testing. When ICs are used in conjunction
with external components, these components
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should first be checked for proper operation. This
is particularly important in linear applications,
where a change in the feedback of a circuit can
adversely affect the component’s entire operating
characteristics. Any linear (analog) IC is sensitive
to its supply voltage. This is especially the case
among those that use bias and control voltages
in addition to a supply voltage. If a linear IC is
suspected of being defective, it is important to
check all voltages coming to the IC against the
circuit diagram of the equipment manufacturer
for any special notes on voltages. The
manufacturer’s handbook will also give
recommended voltages for any particular IC.
When troubleshooting ICs (either digital or
linear), a technician cannot be concerned with
what is going on inside the IC. He cannot take
measurements or conduct repairs inside the IC.
He can therefore consider the IC as a “black box”
that performs a certain function. The IC can be
checked, however, to see that it can perform its
design characteristics. After checking static
voltages and external components associated with
the IC, check it for dynamic operation. If the IC
is intended to function as an amplifier, then

measure and evaluate its input and output. If it
is to function as a logic gate or combination of
gates, it is relatively easy to determine what inputs
are required to achieve a desired high or low
output.

WAVEFORM ANALYSIS OF
SOLID-STATE DEVICES

Waveform analysis can be made by observing
displays of voltage and current variations with
respect to time or by harmonic analysis of
complex signals. Waveform displays are particu-
larly valuable for adjusting and testing pulse-
generating, pulse-forming, and pulse-amplifying
circuits. The waveform visual display is also useful
for determining signal distortion, phase shift,
modulation factor, frequency, and peak-to-peak
voltage. In this section, we will briefly discuss the
instrument used to provide you with these visual
interpretations of waveforms, the oscilloscope.

DUAL-TRACE OSCILLOSCOPE

The cathode-ray tube (CRT) oscilloscope
(fig. 4-25) is commonly used for the analysis of

Figure 4-25.—Sencore SC61 waveform analyzer.
26.363X
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waveforms generated by electronic equipment.
Several types of cathode-ray oscilloscopes are
available for making waveform analysis. The
oscilloscope required for a particular test is
determined by such characteristics as input-
frequency response, input impedance, sensitivity,
sweep rate, and the methods of sweep control.

The display observed on a cathode-ray
oscilloscope is ordinarily one similar to those
shown in figure 4-26. Views A and B show the
instantaneous voltage of the wave plotted against
time. Elapsed time is indicated by horizontal
distance from left to right across the etched grid
(graticule) placed over the face of the tube. The
amplitude of the wave is measured vertically on
the graph.

The oscilloscope is also used to picture changes
in quantities other than simply the voltages in
electric circuits. For example, if you need to see
the changes in waveform of electric current, you
must first send the current through a small
resistor. You can then use the oscilloscope to view
the voltage wave across the resistor. Other
quantities, such as temperatures, pressures,
speeds, and accelerations, can be translated into
voltages by means of suitable transducers and then
viewed on the oscilloscope.

The oscilloscope shown in figure 4-25 also has
the capability to provide a digital readout of the

Figure 4-26.—Typical waveform displays.

signal displayed on the CRT. This feature
eliminates the need to count the grids on the screen
and perform the mathematical calculations
required to determine the magnitude of the
waveform.

There are two types of digital measurements
made through the same probe used for the CRT
display. The first three functions for each channel
are called the Auto-Tracking™ tests. “Auto-
Tracking™” means the microcomputer auto-
matically tracks the CRT display at all times. The
three Auto-Tracking™ functions are measuring
dc volts, peak-to-peak volts, and frequency. All
three functions measure the entire waveform.

The second group of digital tests are the delta
tests, which let you measure part of a waveform.
These tests measure the peak-to-peak amplitude,
time, or frequency of any part of the waveform
shown on the CRT.

Both types of digital tests are unaffected by
the vertical or horizontal verniers or position
controls, allowing the CRT display to be any size
you want without affecting the accuracy of the
digital readout. All tests are automatically ranged
or directly interfaced to the input attenuators for
direct readings.

One final test allows the frequency of the
signal applied to channel A to be compared to the
frequency of the signal applied to channel B. The
digital display shows the ratio of the two
frequencies to troubleshoot divider or multiplier
stages.

Front Panel Controls

The fastest way to become familiar with the
oscilloscope is to use the same procedure to set
up every waveform. The front panel has all of the
controls grouped by function to allow you to
move clockwise around the panel as you apply the
signals, adjust the trigger circuits, and then adjust
the horizontal sweep circuits. Always start from
the same point when you apply a new signal or
experience difficulty in locking the waveform.

Use the following procedures as a checklist
to follow as you learn how to operate the
oscilloscope. Each of these simplified procedures
is covered in detail in the operator’s manual. Be
sure to read your manual to understand fully the
effect each control has on the waveform. To set
up any waveform, refer to figure 4-27 and
perform the following steps:

1. Select the desired CRT display button to
produce a single-trace, dual-trace, or vector
display.
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2. Apply the signal(s) to the vertical input(s).
a. Make sure the INPUT COUPLING

switch is not set to the “ground” position. It
should be in the AC position for most
measurements.

b. Set the VOLTS/DIVISION switch to a
position that is one-half to one-eighth. the
amplitude of the input signal.

NOTE: Remember the VOLTS/DIVISION
switches are calibrated to read directly when the
supplied low capacity probes are used; it is not
necessary to multiply times 10.

3. Adjust the four TRIGGER controls to lock
the signal.

a. Set the TRIGGER SOURCE switch to
the signal you want to use as your reference. CH
A will trigger on a sample of the signal applied
to the channel A input, CH B will trigger on a
sample of the channel B input, AC LINE will
trigger on a sample of the ac line, and EXT will
trigger on the signal applied to the EXT TRIG
INPUT jack.

b. Set the TRIGGER MODE switch to the
desired position. AUTO will be used for most
signals, TV is used for composite video signals,
and NORM is used for special triggering
conditions.

c. Set the TRIGGER POLARITY switch
for the desired starting point. The polarity is often
unimportant. When using the TV position of the
TRIGGER MODE switch, however, you must set
the TRIGGER POLARITY switch to the polarity
of the sync pulses.

d. Adjust the TRIGGER LEVEL control
until the trace is properly locked on the CRT.

4. Adjust the TIMEBASE-FREQ switch for
the desired number of waveforms across the CRT.
Remember to use the frequency markings on the
outside ring as a guide when the frequency of the
signal is known. Use the position with a marked
frequency that is lower than the frequency of the
applied signal.

5. Adjust the VERTICAL POSITION,
HORIZ POSITION, FOCUS, and INTENSITY
controls as desired for the best waveform.

Process of Locating the Trace

You may occasionally lose the trace because
one or more of the CRT controls is improperly
adjusted. Pressing the BEAM FINDER button
(fig. 4-25) overrides several internal circuits to
force the trace back onto the screen. Adjust the

vertical position control and/or the horizontal
position control to position the trace on the CRT.
Adjust the FOCUS and INTENSITY control to
obtain a sharp, bright trace.

Test Probe Frequency Compensation

Each test probe has a special compensation
capacitor built into the BNC connector body. This
capacitor matches the capacity of the probe and
connecting cable to the input of the oscilloscope
for flat frequency response. An uncompensated
probe may result in waveform distortion or
incorrect amplitude readings. The compensation
affects both the CRT display and the digital peak-
to-peak funct ion .  Check the  probe’s
compensation by connecting it to the PROBE
COMP jack on the front panel. The resulting
CRT display (fig. 4-28) should have a flat top and
bottom with square corners (view A). Overshoot
(view B) or rounding (view C) indicates the
capacitor in the probe needs adjustment. Perform
this adjustment as specified in the operator’s
manual.

26.363.2X
Figure 4-28.—Probe compensation display.
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Test Probe Ground Connections

Each test probe comes with two ground leads
and a ground clip. It is important that you use
the shortest possible ground connector when
working in high-frequency circuits or circuits that
produce square-wave signals with fast rise time.
The inductance of extra ground lead length causes
distortion in these signals. The long (12-inch)
ground lead is to be used only when measuring
low-frequency signals.

It is always necessary to ground each probe
to prevent interference or other waveform
distortion on high-frequency signals. The ground
connection should be made as close to the test
point as possible because the extra inductance of
a printed circuit board or chassis wiring will have
the same effect on the displayed signal as the
longer ground leads-waveform distortion.

You should use the small ground clip when
making tests in digital stages. The small size is
designed for easy connection when the spring-
loaded tip is removed. The clip is made of spring
steel to allow connections to the closely spaced
pins of an IC. And, above all, the length of the
clip is the smallest possible to prevent signal
distortion on fast rise-time signals.

USING THE OSCILLOSCOPE

The oscilloscope may be used to test solid-state
devices; however, this may require the
construction of special test circuits. This should
pose no problem if you have access to a test
laboratory. There is usually a multimeter,
transistor tester, or similar piece of test equipment
available to test components out of the circuit.
The oscilloscope is particularly useful in the
process of analyzing electronic circuits during
operating conditions.

To analyze waveform displays effectively, you
have to know the correct wave shape. The
maintenance manual for each piece of equipment
shows what waveforms you should observe at the
various test points throughout the equipment.
Waveforms that will be observed at any one
selected test point will differ; each waveform will
depend on whether the operation of the equipment
is normal or abnormal.

Figure 4-29 represents a typical schematic
diagram with oscilloscope waveforms. By
attaching the oscilloscope test probe to point A
in the circuit, you can compare the CRT display
to the waveform shown in view A. You can
troubleshoot the entire circuit by comparing the
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waveforms at test points A, B, C, and D with that
of your scope.

TESTING CAPACITORS
AND INDUCTORS

The use of capacitors in electronics has
dramatically increased in the past few years and
the forecast is for an even greater usage. The
transistor has given way to the IC, but because
of the nature and construction of the capacitor
and the inductor, these are not replaced with ICs.
The more ICs we use, the more capacitors and
inductors we will use. The need to measure
capacity value, leakage of the capacitor, inductor
value, and quality of the inductor has become
more important than ever before. Without a good
measure of these important parameters, proper
circuit operation becomes more difficult. With a
capacitor-inductor analyzer, capacitors can be
checked for value and for leakage at the rated
working voltage on a digital readout. Inductors
can be checked for inductance and for quality
when a meter,, such as the one shown in figure
4-30, is used.

TESTING CAPACITORS

A capacitor is nothing more than two metal
plates separated by an insulator called the
dielectric. The common causes of capacitor
failures are excessive dielectric leakage, change in
capacity value, and an increase in dielectric
absorption (battery action). All capacitors should
be removed from the circuit before testing.
Impedances found in the circuit will result in false
meter readings.

Capacitor Value

All types of capacitors change in value with
age. A reliable value test is important when you
suspect that a capacitor may have changed value
or is the wrong value when new. To check
capacitors for capacity value, perform the
following steps:

1. Connect the test leads to the capacitor to
be tested. Polarity of the test leads is important
only if you are checking a polarized capacitor.
When checking polarized capacitors, be sure to
connect the red test lead to the positive capacitor
terminal.



26.364X
Figure 4-29.—Typical schematic diagram with oscilloscope waveforms.

2. Depress the CAPACITOR VALUE push
button.

3. Read the value of the capacitor on the
display. The value. of capacity will be in
microfarads if the LED in front of the µF

indicator is lit, or in picofarads if the LED in front
of the pF indicator is lit.

NOTE: Most capacitor values are displayed
quickly, but extremely large electrolytic capacitors
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Figure 4-30.—Sencore LC75 capacitor-inductor analyzer.
26.365X

(over 50,000 µF) may take a few seconds to display
a reading. For example, a 50,000-µF capacitor will
take about 5 seconds before a reading is seen on
the digital readout, and a 100,000 µF electrolytic
capacitor may take 10 seconds. If the value does
not appear in the time listed above, the capacitor
is either shorted or quite leaky. In either case, it
is probably defective.

Capacitor Leakage

Capacitors will often read the correct 2. Select the desired current range with the
value but exhibit leakage that may affect LEAKAGE RANGE switch. Use the ALL
their operation in the circuit. Any type of OTHER CAPACITORS (100 µA max) range for
capacitor may develop excessive leakage if most small electrolytics and for paper, mica, film,
the capacitor is subjected to excessive applied and ceramic capacitors. Use the LARGE ALUM.
voltage or high-voltage spikes. These types ELECTROLYTICS (10K µA max) range for large
of overloads may actually puncture the dielectric electrolytics. Consult the leakage charts on the

material and produce a short circuit or high-
resistance leakage path. Leakage often shows up
only when the capacitor is charged to its normal
operating voltage and may not show up under a
low-voltage check such as you might make with
an ohmmeter. To check a capacitor for leakage,
perform the following steps:

1. Connect the capacitor to be tested to the
test leads. If the capacitor is polarized, connect
the positive capacitor terminal to the red test lead
and the negative terminal to the black test lead.
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pullout tab under the analyzer (figs. 4-31 and 4-32) to the other range. You can switch ranges of the
to determine which range should be used. LEAKAGE RANGE switch while holding the
Start with the highest range (LARGE ALUM. LEAKAGE button in.
ELECTROLYTICS) if you are not sure which 3. Select the normal dc working voltage of the
range to use. If the display shows “000,” switch capacitor with the LEAKAGE VOLTAGE

Figure 4-31.—Capacitor leakage chart for dipped solid tantalum capacitors.
26.X
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Figure 4-32.—Capacitor leakage chart for standard aluminum electrolytic capacitors.
26.X
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switch. If the capacitor’s normal working voltage
falls between switch ranges, select the next lower
range. For example, if the capacitor’s working
voltage is 35 volts, select the 25-volt position of
the LEAKAGE VOLTAGE switch.

4. Depress the LEAKAGE button and read
the amount of leakage current in microamperes
on the display. Capacitors take a certain amount
of time to charge before a reading of the leakage
current is displayed. Consult the leakage charts
on the pullout tab under the analyzer (figs. 4-31
and 4-32) to determine which range should be
used.

Ceramic, paper, film, and mica capacitors
should not show any leakage at all. The maximum
allowable leakage is below the sensitivity of the
measuring circuit. If any of these capacitors
exhibit leakage, they are defective.

Leakage measurements on nonpolarized elec-
trolytics must be made in both directions. Simply
make the leakage test, note the leakage current,
and then reverse the leads and make the leakage
test again. If both ends of the nonpolarized
electrolytic are insulated from the case, the
maximum allowable leakage is the same as listed
in the leakage chart. If one end is connected to
the case, the allowable leakage is doubled.

Capacitor Dielectric Absorption

Dielectric absorption is the inability of a
capacitor to discharge completely to zero. This
is sometimes called battery action or capacitor
memory and occurs because the dielectric of the
capacitor retains a charge. All capacitors have
some dielectric absorption, but electrolytic
capacitors have the highest amount, and it will
often affect circuit operation if it becomes
excessive. You can check electrolytics for dielectric
absorption during the normal test for capacitor
value and leakage by simply rechecking the value
of the capacitor after the leakage test in the
following manner:

1. Connect the capacitor to the test leads and
test for the capacitor value in the normal manner.
Note the value of the capacitor.

2. Test the capacitor for leakage at the rated
working voltage of the capacitor. Allow the
leakage current shown on the display to drop to
the maximum allowable leakage or below, as
shown on the leakage chart in figures 4-31 or 4-32,
depending on the type of capacitor.
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3. Release the LEAKAGE button and allow
the display to drop to 000. Then immediately
depress the VALUE button and note the capacitor
reading.

a. If the capacity reading is within 5
percent of the original value and the reading
increases slowly upward toward the original value,
or if there is no difference in the readings, the
capacitor has little dielectric absorption and is
good.

b. If the value reading difference is greater
than 5 percent but less than 15 percent, the
capacitor may require reforming as described
later. Some of the dielectric oxide has
deteriorated, and reforming the electrolytic may
bring it back to a useful life. Recheck for dielectric
absorption after attempting to reform the
capacitor.

c. If the value reading difference is greater
than 15 percent and the reading changes upward
rapidly toward the original value, the capacitor
has excessive dielectric absorption. Electrolytic
capacitors exhibiting this much dielectric absorp-
tion may be reformed in some cases. If the
capacitor exhibits similar dielectric absorption
after reforming has been attempted, it should be
replaced; otherwise, it will give trouble in the
circuit.

NOTE: If a mica or film type of capacitor
shows any dielectric absorption, it can be
considered bad and should be replaced.

Reforming of Electrolytic Capacitors

Aluminum electrolytics will often show low
value or high leakage if they have been sitting on
a shelf for a long period of time. Generally, any
aluminum electrolytic capacitor sitting on the shelf
for over 1 year will show one or both of these
characteristics. This is caused by a loss of some
of the oxide coating that forms the dielectric of
the capacitor. In many cases, the oxide coating
may be reformed with the application of a dc
voltage for a period of time. The capacitor-
inductor analyzer can reform the dielectric
material by using the same dc power supply that
is used for leakage testing. Reforming may
require more than an hour before the capacitor
returns to its normal condition. A TEST
BUTTON HOLD-DOWN ROD is included with



the analyzer to hold the LEAKAGE button down
for reforming electrolytics.

1. Connect the electrolytic to be reformed to
the test leads observing polarity.

2. Select the proper voltage with the
APPLIED VOLTAGE switch.

3. Depress the LEAKAGE button and, while
holding the button in, place the hold-down rod
on the button. Bring the meter carrying handle
to the front of the meter and wedge the hold-down
rod between the handle and the LEAKAGE
button so that the rod holds the button depressed
(fig. 4-33).

CAUTION

This method of holding the LEAKAGE
button in provides a greater degree of
safety than a “latching” type of switch.
Always observe extreme caution when you
see the handle in front of the switches, as
this will tell you voltage is being applied
to the test leads and capacitor. Never
attempt to operate any other function push
buttons when the hold-down rod is being
used.

4. After the capacitor has been reformed for
at least 1 hour, let it discharge and sit for about
30 minutes. Then recheck the value and the
leakage to see if the reforming process has
improved the capacitor.

26.366X
Figure 4-33.—Application of the hold-down rod.

These are just a few of the tests that can be
performed with a capacitor analyzer. Consult the
operator’s manual for the ‘test equipment that you
are operating for additional information.

TESTING INDUCTORS

An inductor is a device consisting of one or
more windings of wire with or without a magnetic
core. Frequent causes of inductor coil failures are
shorted turns, open turns, and changes in inductor
value. Small power supply transformers are
similar in construction to inductors and can be
tested with the capacitor-inductor analyzer shown
in figure 4-30.

Inductors may be tested in the circuit, but the
circuit impedance will have some effect on the
readings. It is recommended that you remove the
inductor or transformer from the circuit before
you perform any tests.

Inductor Value

Inductor coils can change in value. This may
be caused by overstressing the wire in the winding
process. The wire may then relax after a period
of time. This changes its position and shape. You
may also find coils that have been altered in
inductance by a previous technician who spread
or compressed the windings in an attempt to
correct a faulty circuit.

Inductance value can be checked by perform-
ing the following steps:

1. Balance out the inductance of the test leads
according to the operator’s manual instructions.

2. Connect the test leads to the coil or
transformer to be tested.

3. Depress the INDUCTORS VALUE
button.

4. Read the value of inductance of the coil or
transformer on the digital display. The LED will
light in front of the µH if the value is in
microhenrys or in front of the mH if the value
is in millihenrys.

NOTE: A reading of flashing 888 with a
steady 0 indicates an open circuit. Recheck your
lead connections to ensure proper terminations.

Inductor Opens

Coils frequently open up. Occasionally, too
much stress is put on the coil when it is wound.
This may cause the wire to break. At other times,

4-31



the coil is stressed when it is placed in the circuit or
removed for testing. Coils can also open if a screw-
driver or some other object accidently falls or
makes contact with the windings. Finally, the coil
may open if excessive current burns the wire open.

Open windings in coils are easily spotted
with the inductor analyzer. Just hook up the
instrument to check the inductance value. If the
display shows flashing 888 with a stationary 0,
then the coil is open. Check the lead connections
to the coil to be sure. If the coil is a small wire
type, be sure to check the fine wires that go to
the solder lugs on the coil form. The fine wire can
be broken easily from tension or extreme heat and
cold variations.

On large transformers that have several taps or
windings in series, simply check them from top to
bottom for an open. The actual open can be iso-
lated by moving one lead down the series of taps
until the instrument gives an inductance reading.
The tap above this point has the open winding.

Some coils above 10 µH may not show 10 or
more rings because of the nature of the
construction or core material used in the coil.
These may show eight or nine rings and still be
good. The quality of these coils may be confirmed
by adding a “shorted turn” and rechecking the
ringing of the coil. If the coil is bad, the number
of rings will not change or will change little,
indicating the coil already has a shorted turn. If
the number of rings drops off drastically, then
the coil is good. A good shorted turn can be made
from a piece of solder wrapped around the coil
tightly and twisted together at the ends. Small
diameter wire or stranded wire does not give the
same effect and could give misleading results. Be
sure to use solder or a heavy-gauge solid wire for
the shorted turn.

To test the quality of a coil with the ringing
test:

1. Connect the test leads to the inductor to
be tested.

Inductor Ringing

The most common coil defect is a shorted turn
or group of shorted turns. Shorted turns are
generally caused by weak insulation that breaks
down under voltage. A circuit malfunction that
causes excessive voltage across the coil can also
lead to shorted turns.

2. Depress the RINGING TEST button. Hold
the button down and rotate the IMPEDANCE
MATCH switch through all six positions for
regular inductors or through the last four
positions for TV yokes and flybacks.

The ringing test allows you to determine if a
coil (without an iron core) is good or bad with
an accurate but easy-to-perform test of the quality
of Q factor. A good coil should show a reading
of 10 rings or more on the digital display. A bad
coil will show less than 10 ringing cycles.

3. If a reading of 10 or more appears on the
display in one or more positions of the
IMPEDANCE MATCH switch, the inductor is
good. If a reading of less than 10 is displayed on
all positions of the switch, the inductor is
defective.

The ringing test measures the Q factor by
applying a reference pulse to the coil and then
digitally counting the number of ringing cycles
produced until the signal is damped to a preset
level. A shorted turn in a coil will lower its Q and
cause the ringing to dampen faster than in a good
coil. An open coil will show no ringing.

If a continuously changing reading occurs,
move the coil being tested to a location away from
the source of ac radiation, and check the
connections to the coil. If you suspect that the
coil may be open or the leads may not be
connected properly, merely recheck the inductance
value. If the readout shows a flashing 888 with
a stationary 0, the coil is open or the leads are
not connected properly.

The ringing test should not be used on coils
and transformers having laminated iron cores,
such as power transformers, audio output
transformers, and filter chokes. The iron core in
these types of transformers and coils absorbs the
ringing energy of the coil and results in low
readings that are unreliable.

Good coils below 10 µH in value may not ring
10 cycles. The low inductance of these coils
generally allows only about two to four cycles.
A comparison test should be made on a known
good coil to see if the Q factor results are correct.

Coils and transformers that are shielded with
a metal shield may not give a reading of good on
the ringing test. The metal shield may absorb the
ringing energy, depending on how close the shield
is to the coil. You should consider a shielded coil
good if it shows 10 or more rings. If the coil shows
less than 10 rings in all positions of the
IMPEDANCE MATCH switch, you should either
remove the shield and repeat the test or make a
comparison test on a known good shielded coil.
For accurate results, be sure the coil is identical
to the one in the circuit being tested.
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CHAPTER 5

POWER GENERATION AND DISTRIBUTION

As a Construction Electrician first class, you
may have the responsibility of supervising the
installation, maintenance, and repair of mobile
electrical power (MEP) equipment. This equip-
ment is portable and ranges. in size from 5
kilowatts to 100 kilowatts. In time of war or
national emergency, advanced base functional
components (ABFC) will normally be used at
temporary overseas bases. Even in peacetime,
MEP equipment may be used at remote bases.

At large, more permanent activities, you may
have duties associated with the installation and
operation of large electrical power systems.

A power distribution system includes all parts
of an electrical system between the power source
and the customer’s service entrance. The power
source may be either a local generating plant or
a high-voltage transmission line feeding a
substation that reduces the high voltage to a
voltage suitable for local distribution. At most
advanced bases, the source of power will be
generators connected directly to the load.

This chapter gives the correct procedures for
the operation and maintenance of power plants
and distribution systems and presents technical
information for the selection and installation of
power-generating plants.

POWER GENERATION

The characteristics built into naval electrical
installations are simplicity, ruggedness, reliability,
and flexibility to permit continued service after
a part of the equipment has been damaged. It is
the function of those who operate these plants to
make full use of their inherent capabilities and
to maintain, as far as possible, uninterrupted
availability of electrical power where it is needed.

To be able to do this, operating personnel
should possess the following:

•   A thorough knowledge of how to operate
and maintain the components of the electrical
plant
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A complete familiarity with the electrical
plant as a whole

A comprehensive understanding of system
operation

The ability to apply general electrical and
electronic principles to specific installations

A knowledge of a few simple rules of
system operation that are applicable to all naval
installations

When you have finished studying this chapter,
see if your capabilities for performing the above
functions haven’t improved.

GENERATOR SELECTION

When an overseas base is first established,
electrical power is needed in a hurry; you will not
have time to set up a centrally located generating
station. Instead, you will spot a portable plant at
each important location requiring power. Table 5-1

Table 5-1.—Types of Portable Generators

Frequency

Voltage 120 120/208

Phase 1 l & 3 3
Wires
Fuel
kW Rating

5
10
15
30
60

100
200

Alternating current
60-hertz

X

2
G D

4*
G

X
X
X

D

X
X
X
X
X
X

120/208
240/416

G
4

D

X

X
X
X
X

G-Gasoline driven. D-Diesel driven.
*-Panel connections permit, at rated kW output: 120/208V

3-phase 4-wire, 120V 3-phase 3-wire, 120V single-phase
2-wire, 120/240V single-phase 3-wire.



lists some of the standard alternating current (ac)
generators available. These standard generators
are capable of meeting the power requirements
of advanced bases. Representative 30-kilowatt and
200-kilowatt generators are shown in figures 5-1
and 5-2.

The electrical loads to be supplied-power,
voltage, phase, frequency, and duty cycle
requirements-govern the selection of generating
equipment. Probable load deviation, probable life
of the installation, availability of fuels, and
availability of skilled personnel are other
important factors.

Electrical plants at advanced bases serve a
varied load of lighting, heating, and power
equipment, most of which demand power day and
night. The annual load factor (the ratio of average
power to peak power) of a well-operated active
base should be 50 percent or more with a power
factor (explained later in this chapter) of 80
percent or higher. If the load is more than a few
hundred feet from the power source, a high-
voltage distribution system is required.

If several generators are to serve primary
distribution systems, they should generate the
same voltage to avoid the need for voltage
transformation. The number of phases required
by the load may differ from that produced by the
generator. As loads can usually be divided and
balanced between phases, most generators of
appreciable size are wound for three-phase
operation.

Figure 5-1.—30-kW portable generator.

Power and Voltage Requirements

The selection of voltage is affected by the size,
character, and distribution of the load; length,
capacity, and type of transmission and distribu-
tion circuits; and size, location; and connection
of generators. Practically all general-purpose
lighting in the United States and at United States
overseas bases is 120 volts. The lighting voltage
may be obtained from a three-wire, 120/240-volt,
single-phase circuit or a 120/208-volt, three-phase,
four-wire circuit. Some small motors can be
supplied by direct current (dc) or single-phase ac
at nominally 120 volts. Large three-phase, ac
motors above 5 horsepower generally operate
satisfactorily at any voltage between 200 and 240.
The general use of combined light and power
circuits increases the use of 240 and 208 volts for
general power application.

Computation of the Load

As mentioned earlier in this chapter, there
are various factors that must be taken into
consideration in the selection of the required
generating equipment. The following technical
data will help you in computing the load.

Before any part of the system can be designed,
the amount of power to be transmitted, or the
electrical load, must be determined. Electrical
loads are generally measured in terms of amperes,
kilowatts, or kilovolt-amperes. In general,
electrical loads are seldom constant for any
appreciable time but fluctuate constantly. In
calculating the electrical load, you must determine
the connected load first. The connected load is
the sum of the rated capacities of all electrical
appliances, lamps, motors, and so on, connected
to the wiring of the system. The maximum
demand load is the greatest value of all connected
loads that are in operation over a specified period
of time. Knowledge of the maximum demand of
groups of loads is of great importance because
it is the group maximum demand that determines
the sizes of conductors and apparatus throughout
the electrical system.

The ratio between the actual maximum
demand and the connected load is called the
DEMAND FACTOR. If a group of loads were
all connected to the supply source and drew their
rated loads at the same time, the demand factor
would be 1.00. There are two main reasons why
the demand factor is usually less than 1.00. First,
all load devices are seldom in use at the same time
and, even if they are, they will seldom reach
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Figure 5-2.—200.kW portable generator.

maximum demand at the same time. Second,
some load devices are usually slightly larger than
the minimum size needed and normally draw less
than their rated load. Since the maximum demand
is one of the factors determining the size of
conductors, it is important that the demand factor
be established as closely as possible.

The demand factor varies considerably for
different types of loads and services. Demand
factors for military structures are given in
table 5-2.

Example: A machine shop has a total con-
nected load of 50.3 kilowatts. The demand factor
for this type of structure is taken at 0.70.
The maximum demand is 50.3 × 0.70 = 35.21
kilowatts.

Table 5-2.—Demand Factor

Structure Demand Factor

Housing . . . . . . . . . . . . . . . . . . . . . . . . . 0.9
Aircraft maintenance facilities . . . . . . .7
Operation facilities . . . . . . . . . . . . . . . . .8
Administrative facilities . . . . . . . . . . . .8
Shops . . . . . . . . . . . . . . . . . . . . . . . . . . . .7
Warehouses . . . . . . . . . . . . . . . . . . . . . . .5
Medical facilities . . . . . . . . . . . . . . . . . .8
Theaters . . . . . . . . . . . . . . . . . . . . . . . . . .5
NAV aids . . . . . . . . . . . . . . . . . . . . . . . . .7
Laundry, ice plants, and bakeries. .. 1.0
All others. . . . . . . . . . . . . . . . . . . . . . . . .9
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The application of the demand factor in
designing electrical facilities is a major item in
reducing initial costs. Knowing the demand
factors for various types of buildings and
installations is also beneficial when existing
facilities are rearranged because increased serving
capacity is often not required, even though the
connected load is greatly increased. Similarly,
increasing the size of feeder conductors because
of a major load addition to the circuit may not
be required.

GENERATOR INSTALLATION

Generators are not permitted to be closer than
25 feet to a load; however, in setting up the
generator, try to place the equipment near points
of large demand to reduce the size of wire
required, to hold the line losses to a minimum,
and to afford adequate voltage control at the
remote ends of the lines.

Moving the generator may be accomplished
by lifting or pulling. The generator set comes
equipped with a lifting sling usually stowed in the
skid on the side of the unit opposite the operator’s
control panel.

Site Selection

If you are to select the site upon which the
generator is to be set up, study a plot or chart of
the area on which the individual buildings and
facilities (demand) have been plotted. The site you
select should be large enough to meet present and
anticipated needs. It should be level, dry, and well
drained. If this type of site is not available, place
the generator set on a suitable foundation and bolt
it down to minimize any unnecessary vibration.

Sheltering of Generators

Although advanced base portable generators
are designed to be operated outdoors, prolonged
exposure to wind, rain, and other adverse
conditions will definitely shorten their lives. If the
generators are to remain on the site for any
extended period of time, they should be mounted
on solid concrete foundations and installed under
some type of shelter.

There are no predrawn plans for shelters for
a small advanced base generating station. The
shelter will be an on-the-spot affair, the

construction of which is determined by the
equipment and material on hand plus your
ingenuity, common sense, and ability to cooperate
with men in other ratings. Before a Builder can
get started on the shelter, you will have to inform
him of such things as the number of generators
to be sheltered, the dimensions of the generators,
the method of running the generator load cables
from the generator to the distribution system
outside the building, and the arrangement of the
exhaust system, radiator discharge, and cooling
air.

Installation specifications are available in
the manufacturer’s instruction manual that
accompanies each unit. Be sure to use them.
Appropriate consultation with the Builder
regarding these specifications may help minimize
various installation and piping problems and
costs.

The following hints and suggestions will also
be helpful:

1. Ventilation is an important factor to
consider when you are installing the units inside
a building. Every internal combustion engine is
a HEAT engine. Although heat does the work,
excess amounts of it must be removed if the engine
is to function properly. This can be accomplished
by setting the radiator grill of the engine near an
opening in the wall and providing another opening
directly opposite the unit. In this manner, cool
air can be drawn in and the hot air directed
outdoors. These openings can be shielded with
adjustable louvers to prevent the entrance of rain
or snow. In addition, when the engine is operating
in extremely cold weather, the temperature in the
room can be controlled by simply closing a
portion of the discharge opening. Additional
doors or windows should be provided in the
shelter if the plants are installed in localities where
the summer temperatures exceed 80°F at any time.

2. Working space is another consideration. Be
sure to provide sufficient space around each unit
for repairs or disassembly and for easy access to
the generator control panels.

3. The carbon monoxide gas present in the
exhaust of the engine is extremely poisonous.
Under no circumstances should it be allowed to
collect in a closed room. Therefore, means have
to be provided to discharge the exhaust of the
engine to the outdoors. This is done by extending
the exhaust pipe through the wall or roof of the
building. Support the exhaust pipe and make
certain that there is no obstruction and that there
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are not too many right-angle bends. Also,
whenever possible, arrange the exhaust system so
that the piping slopes away from the engine. In
this way, condensation will not drain back into
the cylinders. If the exhaust pipe should have to
be installed so that loops or traps are necessary,
a drain cock should be placed at the lowest point
of the system. All joints have to be perfectly tight,
and where the exhaust pipe passes through the
wall, you have to take care to prevent the
discharged gas from returning along the outside
of the pipe back into the building. Exhaust piping
inside the building has to be covered with
insulation capable of withstanding a temperature
of 1500°F.

After the generating units have been set in
place and bolted down, Builders can proceed to
erect the building, using the necessary information
they have been given.

Generator Set Inspection

After setting up a portable generator, your
crew must do some preliminary work before
placing the generator in operation. First, they
should make a visual overall inspection of the
generator. Have them look for broken or loose
electrical connections, bolts, and cap screws, and
see that the ground plate is properly grounded.
Check the wiring diagrams in the instruction
manual furnished with the generator to see if any
wire connection is suspected of being improperly
connected. If you find any faults, you should
correct them immediately.

PRIME MOVER INSPECTION.—Servicing
the prime mover is the next step in the process
of placing the generator in operation. Be sure that
the crankcase is filled with the proper grade of
lubricant. A lubrication chart in the instruction
manual furnished with each generator will show
the proper grade of oil to use according to the
operating temperature. If the plant is to be
operated in freezing temperatures, be sure to
use an antifreeze solution in the proportions
recommended in the instruction manual for the
generator. The fuel tank should be filled with
clean fuel oil, strained if necessary.

Some of the prime movers of advanced base
electrical power generators are started by starting
units that obtain their power from batteries. If
the prime mover that you are installing is equipped
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with a battery (or batteries), your crew has another
servicing job to do. Batteries are usually shipped
without the electrolyte but with the plates in a
dry-charged condition. Thus, it is necessary to
fill the battery with electrolyte. Usually, the
electrolyte is shipped with the generator and is of
the correct specific gravity. Because specific
gravity of the electrolyte depends on the type of
battery furnished with the generator, use the
specific gravity value recommended by the
manufacturer’s instruction manual.

On large generators, you should check the area
ventilation; the fan cover has to be opened and
latched in that position. Be sure there is no cover
or obstruction over the radiator section. The
bypass shutters or doors may be closed to shorten
the warming-up period, and roof hatches and side
louvers may be opened for additional ventilation,
if required.

ALTERNATOR INSPECTION.—Just as
important as the preparation of the prime mover
are the inspection and servicing of the alternator.
Generally, you should take the following steps:

1. Check all the electrical connections by
referring to the connection diagrams of the
generator.

2. Megger the generator stator windings,
generator rotor windings, exciter field windings,
and exciter armature.

CAUTION

Do not exceed 500 volts dc for low-
voltage generating sets.

3. Check all electrical connections for
tightness.

4. Check that the collector rings are clean and
have a polished surface.

5. Check collector brushes to make sure they
have no tendency to stick in the brush holders,
that they are properly located, and that the pigtails
will not interfere with the brush rigging.

6. Check the collector brush pressure to see
if it agrees with the figure recommended in the
manufacturer’s instruction manual. If technical



manuals are not available, a pressure of 2 to
2 1/2 psi of brush contact surface is recommended
for integral horsepower and integral kilowatt
machines, and about twice that pressure for
fractional horsepower and fractional kilowatt
machines.

Generator Connections

When you install a power plant that has a
dual-voltage alternator unit, make certain that the
stator coil leads are properly connected to produce
the voltage required by the equipment.

Proper grounding is also a necessity for
personnel safety and for prevention of unstable,
fluctuating generator output.

INTERNAL LEADS.—Generators previously
used for advanced base power requirements
required you to make reconnections in the
ammeter and voltmeter circuits when the
generator output voltage was changed. The
majority of manufacturers have made provisions
that simplify the changeover from one voltage

output to another. A newer type of changeover
board is shown in figure 5-3.

The voltage changeover board permits recon-
nection of the generator phase windings to give
all specified output voltages. One end of each coil
of each phase winding runs from the generator
through an instrumentation and a static exciter
current transformer to the reconnection panel.
This assures current sensing in each phase
regardless of voltage connection at the recon-
nection board assembly. The changeover board
assembly is equipped with a voltage change board
to facilitate conversion to 120/208 or 240/416
generator output voltage. Positioning of the
voltage change board connects two coils of each
phase in series or in parallel. In parallel, the
output is 120/208; in series, the output is 240/416
volts ac. The terminals on the changeover board
assembly for connection to the generator loads
are numbered according to the particular coil end
of each phase of the generator to ensure proper
connections.

Remember that you are responsible for
the proper operation of the generating unit.

Figure 5-3.—Changeover panel.
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Therefore, proceed with caution on any recon-
nection job. Study the wiring diagrams of the
plant and follow the manufacturer’s instructions
to the letter. Before you start the plant up
and close the circuit breaker, double-check all
connections.

GROUNDING.—It is imperative that you
solidly ground all electrical generators operating
at 600 volts or less. The ground can be, in order
of preference, an underground metallic water
piping system, a driven metal rod, or a buried
metal plate. A ground rod has to have a minimum
diameter of 5/8 inch if solid and 3/4 inch if pipe,
and it has to be driven to a minimum of 8 feet.
A ground plate has to have a minimum of 2
square feet and be buried at a minimum depth
of 2 1/2 feet. For the ground lead, use No. 6
AWG copper wire and bolt or clamp it to the rod,
plate, or piping system. Connect the other end of
the ground lead to the generator set ground stud.

The National Electric Code® states that a
single electrode consisting of a rod, pipe, or plate
that does not have a resistance to ground of 25
ohms or less shall be augmented by additional
electrodes. Where multiple rod, pipe, or plate
electrodes are installed to meet the requirements,
they are required to be not less than 6 feet apart.

It is recommended that you perform an earth
resistance test with a Vibroground® Test Set
before you connect the generator to ground. This
test will determine the number of ground rods
required to meet the requirements, or it may be
necessary to construct a ground grid.

Feeder Cable Connections

While the electric generator is being installed
and serviced, a part of your crew can connect it
to the load. Essentially, this consists of running
wire or cable from the generator to the load. At
the load end, the cable is connected to the
substation or to the distribution center. At the
generator end, the cable is connected either to the
output terminals of a main circuit breaker or a
load terminal board. Before the wires are run and
connections are made, it will be up to you to do
the following:

1. Determine the correct size of wire or cable
to use.

2. Decide whether the wire or cable will be
buried or carried overhead on poles.

3. Check the generator lead connections of the
plant to see that they are arranged for the proper
voltage output.

The information contained in the following
paragraphs will help you in these tasks.

CABLE SELECTION.—If the wrong size
conductor is used in the load cable, various
troubles may occur. If the conductor is too small
to carry the current demanded by the load, it will
heat up and possibly cause a fire or a break in
the circuit. Even though the conductor is large
enough to carry the load current safely, its length
might result in a lumped resistance that produces
an excessive voltage drop. An excessive voltage
drop results in a reduced voltage at the load end.
This reduced voltage is incapable of operating the
equipment safely. In this respect, it might be well
to point out the voltage drop should not exceed
3 percent for power loads and 3 percent for
lighting loads or 3 percent for combined power
and lighting loads.

Select a feeder conductor capable of carrying
150 percent of rated generator amperes to
eliminate overloading and voltage drop problems.
Refer to tables 5-3 and 5-4 to select the proper
cable to carry the computed capacity according
to insulation class.

CABLE INSTALLATION.—The load cable
may be installed overhead or underground. In an
emergency installation, time is the important
factor. It may be necessary to use trees, pilings,
four-by-fours or other temporary line supports
to complete the installation. Such measures are
temporary; eventually, you will have to erect poles
and string the wire on crossarms or bury it
underground. If the installation is near an airfield,
it may be necessary to place the wires underground
at the beginning. Wire placed underground should
be direct-burial, rubber-jacketed cable; otherwise,
it will not last long.

Direct burying of cable for permanent
installation calls for a few simple precautions to
ensure uninterrupted service. They are as follows:

1. Dig the trench deep enough so that the
cable can be buried at least 18 inches (24 inches
in traffic areas and under roadways) below the
surface of the ground to prevent disturbance of
the cable by frost or subsequent surface digging.
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2. Lay the cable over a sand cushion (fig. 5-4).
If this is impractical, loosen the trench base so
it is cleared of rocks and stones.

3. Space the cables on 6-inch centers for
further mechanical and electrical protection.

4. After laying the cable and before back-
filling, cover it with earth free from stones, rocks,
and so forth. This will prevent the cable from
being damaged in the event the surrounding earth
is disturbed by flooding or frost heaving.

GENERATING PLANT OPERATIONS

When you are in charge of a generating
station, you will be responsible for scheduling
around-the-clock watches to ensure a continuous
and adequate amount of electrical power.
Depending on the number of operating personnel
available, the watches are evenly divided over the
24-hour period. It is common practice to schedule
6-hour watches, or they may be stretched to
8-hour watches without working undue hardship
on the part of the crew members. Watches
exceeding 8 hours, however, should be avoided
unless emergency conditions dictate their use.

The duties assigned to the personnel on
generator watches can be grouped into three
main categories: (1) operating the equipment,
(2) maintaining the equipment, and (3) keeping
the daily operating log. Operating and maintain-
ing the generating equipment will be covered in
the succeeding sections of this chapter, so for the
present you can concentrate on the importance
of the third duty of the station operator-keeping
a daily operating log.

Figure 5-4.—Direct burial of cable.

The number of operating hours are recorded
in the generating station log. The log serves as a
basis for determining when a particular piece of
electrical equipment is ready for inspection and
maintenance. The station log can be used in
conjunction with previous logs to spot gradual
changes in equipment condition that ordinarily
are difficult to detect in day-to-day operation. It
is particularly important that you impress upon
your watch standers the necessity for taking
accurate readings at periods specified by local
operating conditions.

Ensure that watch standers keep their
spaces clean and orderly. Impress on them
the importance of keeping tools and auxiliary
equipment in their proper places when not in use.
Store clean waste and oily waste in separate
containers. OILY WASTE CONTAINERS ARE
REQUIRED TO BE KEPT COVERED. Empty
oily waste containers at least once a day to reduce
fire hazards. Care given the station floor will be
governed by its composition. Generally, it should
be swept down each watch. Any oil or grease that
is tracked around the floor should be removed at
once.

Plant Equipment

Setting up a power generator is only one phase
of your job. After the plant is set up and ready
to go, you will be expected to supervise the
activities of the operating personnel of the
generating station. In this respect, your super-
vision should be directed toward one ultimate
goal-to maintain a continuous and adequate
flow of electrical power to meet the demand. This
can be accomplished if you have a thorough
knowledge of how to operate and maintain the
equipment and a complete understanding of the
station’s electrical systems as a whole. Obviously,
a thorough knowledge of how to operate and
maintain the specific equipment found in the
generating station to which you are assigned
cannot be covered here. However, general
information can be given. It will be up to you to
supplement this information with the specific
instructions given in the manufacturer’s instruc-
tion manuals furnished with each piece of
equipment.

Figure 5-5 is a diagram of the auxiliary
equipment required by a diesel engine. It shows
the fuel oil system; the lube oil system piping,
cooling, and centrifuge; the cooling water system;
and the air-starting system piping.
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Figure 5-5.—Piping diagram of diesel engine generator and equipment.

Similarly, familiarity with the station’s
electrical system as a whole can be gained only
by a study of information relating specifically to
that installation. This information can be found
to some extent in the manufacturer’s instruction
manuals. You can obtain the greater part of it
from the station’s electrical plans and wiring
diagrams. Remember, however, to supplement
your study of the electrical plans and diagrams
with an actual study of the generating station’s
system. In that way, the generators, switchgear,
cables, and other electrical equipment are not
merely symbols on a plan but physical objects
whose location is definitely known and whose
functions and relation to the rest of the system
are thoroughly understood.

Single Plant Operation

Connecting an electric plant to a de-energized
bus involves two general phases: (1) starting the
diesel engine and bringing it up to rated speed
under control of the governor and (2) operating

the switchboard controls to bring the power of
the generator onto the bus.

Different manufacturers of generating plants
require the operator to perform a multitude of
steps before starting the prime mover. For
example, if a diesel engine is started by
compressed air, the operator would have to align
the compressed air system. This would not be
necessary if the engine is of the electric-start type.
It’s important that you, as the plant supervisor,
establish a prestart checklist for each generating
plant. The prestart checklist provides a methodical
procedure for confirming the operational con-
figuration of the generating plant; following this
procedure assures that all systems and controls
are properly aligned for operation.

The checklist should include, but is not limited
to, the following:

1. Align ventilation louvers.
2. Check lube oil, fuel oil, and cooling water

levels.
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3. Ensure battery bank is fully charged.
4. Align electrical breakers and switches for

proper operation of auxiliary equipment.
5. Check control panel and engine controls.
6. Select the proper operating position for the

following controls for single plant operation.

Voltage regulator switch to UNIT or
SINGLE position.

Governor switch to ISOCHRONOUS
or SINGLE position. NOTE: Adjust
hydraulic governor droop position to 0.

Voltage regulator control switch to
AUTO position.

The prestart checklist should be completed
in sequence before you attempt to start the
generating plant.

Start the generating plant and adjust engine
rpm to synchronous speed. Adjust the voltage
regulator to obtain the correct operating voltage.
Set the synchronizing switch to the ON position
and close the main circuit breaker. Adjust the
frequency to 60 hertz with the governor control
switch. Perform hourly operational checks to
detect abnormal conditions and to ensure the
generating set is operating at the correct voltage
and frequency.

Parallel Plant Operation

If the load of a single generator becomes so
large that its rating is exceeded, it becomes
necessary to add another generator in parallel to
increase the power available for the generat-
ing station. Before two ac generators can be
paralleled, the following conditions have to be
fulfilled:

1. Their terminal voltages have to be equal.
2. Their frequencies have to be equal.
3. Their voltages have to be in phase.

When two generators are operating so that the
requirements are satisfied, they are said to
be in synchronism. The operation of getting the
machines into synchronism is called synchro-
nizing.

Generating plants may be operated in parallel
on an isolated bus (two or more generators
supplying camp or base load) or on an infinite
bus (one or more generators paralleled to a utility
grid).

One of the primary considerations in
paralleling generator sets is achieving the proper
division of load. This can be accomplished by
providing the governor of the generator with
speed droop. This would result in a regulation of
the system. The relationship of REGULATION
to LOAD DIVISION is best explained by
referring to a speed versus load curve of the
governor. For simplicity, we will refer to the
normal speed as 100 percent speed and full load
as 100 percent load. In the controlled system, we
will be concerned with two types of governor
operations: isochronous and speed droop.

The operation of the isochronous governor
(0 percent speed droop) can be explained by
comparing speed versus load, as shown in figure
5-6. If the governor were set to maintain the speed
represented by line A and connected to an
increasing isolated load, the speed would remain
constant. The isochronous governor will maintain
the desired output frequency regardless of load
changes if the capacity of the engine is not
exceeded.

The speed droop governor (100 percent speed
droop) has a similar set of curves, but they are
slanted, as shown in figure 5-7. If a speed droop
governor were connected to an increasing isolated
load, the speed would drop (line A, fig. 5-7) until
maximum engine capacity is reached.

Now let’s imagine that we connect the speed
droop governor (slave machine) to a utility bus
so large that our engine cannot change the bus
frequency (an infinite bus). Remember that the
speed of the engine is no longer determined by
the speed setting but by the frequency of the
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Figure 5-7.—Speed droop governor curve.

infinite bus. In this case, if we should change the
speed setting, we would cause a change in load,
not in speed. To parallel the generator set, we
are required to have a speed setting on line A
(fig. 5-7), at which the no-load speed is equal to
the bus frequency. Once the set is paralleled, if
we increase the speed setting to line B, we do not
change the speed, but we pick up approximately
a half-load. Another increase in speed setting to
line C will fully load the engine. If the generator
set is fully loaded and the main breaker is opened,
the no-load speed would be 4 percent above
synchronous speed. This governor would be
defined as having 4 percent speed droop.

Paralleling an isochronous governor to an
infinite bus would be impractical because any
difference in speed setting would cause the
generator load to change constantly. A speed
setting slightly higher than the bus frequency
would cause the engine to go to full-load position.
Similarly, if the speed setting were slightly
below synchronous speed, the engine would go
to no-load position.

Setting speed droop on hydraulic governors
is accomplished by adjusting the speed droop
knob located on the governor body. Setting the
knob to position No. 5 does not mean 5 percent
droop. Each of the settings on the knob represents
a percentage of the total governor droop. If the
governor has a maximum of 4 percent droop, the
No. 5 position would be 50 percent of 4 percent
droop. Setting speed droops on solid-state
electronic governors is accomplished by placing

the UNIT-PARALLEL switch in the PARALLEL
position. The governor speed droop is factory set,
and no further adjustments are necessary.

ISOLATED BUS OPERATION.—In the
following discussion, assume that one generator,
called the master machine, is operating and that
a second generator, called the slave machine, is
being synchronized to the master machine.
Governor controls on the master generator should
be set to the ISOCHRONOUS or UNIT position.
The governor setting on the slave generator must
be set to the PARALLEL position.

NOTE: The hydraulic governor droop setting
is an approximate value. Setting the knob to
position No. 5 will allow you to parallel and load
the generator set. Minor adjustments may be
necessary to prevent load swings after the unit is
operational.

When paralleling in the droop mode with
other generator sets, the governor of only one set
may be in the isochronous position; all others are
in the droop position. The isochronous set (usually
the largest capacity set) controls system frequency
and immediately responds to system load changes.
The droop generator sets carry only the load
placed on them by the setting of their individual
speed controls. Both voltage regulators should be
set for parallel and automatic operation.

The slave machine is brought up to the desired
frequency by operating the governor controls. It
is preferable to have the frequency of the slave
machine slightly higher than that of the master
machine to assure that the slave machine will
assume a small amount of load when the main
circuit breaker is closed. Adjust the voltage
controls on the slave machine until the voltage is
identical to that of the master machine. Thus, two
of the requirements for synchronizing have been
met: frequencies are equal and terminal voltages
are equal.

There are several methods to check generator
phase sequence. Some generator sets are equipped
with phase sequence indicator lights and a selector
switch labeled “GEN” and “BUS.” Set the
PHASE SEQUENCE SELECTOR SWITCH in
the BUS position, and the “1-2-3” phase sequence
indicating light should light. (The same light must
light in either GEN or BUS position.) If “3-2-1”
phase sequence is indicated, the slave machine has
to be shut down, the load cables isolated, and two
of the load cables interchanged at their connection
to the load terminals.
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Another method to verify correct phase
sequence is by using the synchronizing lights.
When the synchronizing switch is turned on, the
synchronizing lights will start blinking. If the
synchronizing lights blink on simultaneously and
off simultaneously, the voltage sequences of the
two machines are in phase. The frequency at
which the synchronizing lights blink on and off
together indicates the different frequency output
between the two machines. Raise or lower the
speed of the slave machine until the lights blink
on together and off together at the slowest
possible rate. If the synchronizing lights are
alternately blinking (one on while the other is off),
the voltage sequence of the two machines is not
in phase. Correct this condition by interchanging
any two of the three load cables connected to the
slave machine.

Some of the portable generators being placed
in the NMCB TOA are equipped with a permissive
paralleling relay. This relay, wired into the main
breaker control circuit, prevents the operator from
paralleling the generator until all three conditions
have been met.

Now that all three paralleling requirements
have been met, the slave machine can be paralleled
and loaded.

If a synchroscope is used, adjust the frequency
of the slave machine until the synchroscope
pointer rotates clockwise slowly through the zero
position (twelve o’clock). Close the main circuit
breaker just before the pointer passes through the
zero position. To parallel using sychronizing
lights, wait until the lamps are dark; then, while
the lamps are still dark, close the main circuit
breaker and turn off the synchronizing switch.

After the main breaker has been closed, check
and adjust the load distribution by adjusting the
governor speed control. Maintain approximately
one-half load on the master machine by manually
adding or removing the load from the slave
machine(s). The master machine will absorb all
load changes and maintain correct frequency
unless it becomes overloaded or until its load is
reduced to zero.

The operator must also ensure that all
generating sets operate at approximately the same
power factor (PF). PF is a ratio, or percentage,
relationship between watts (true power) of a load
and the product of volts and amperes (apparent
power) necessary to supply the load. PF is usually
expressed as a percentage of 100. Inductive
reactance in a circuit lowers the PF by causing
the current to lag behind the voltage. Low PFs
can be corrected by adding capacitor banks to the

circuit. This procedure will be discussed in the
“Power Distribution” section of this chapter.

Since the inductive reactance cannot be
changed at this point, the voltage control rheostat
has to be adjusted on each generator to share the
reactive load. This adjustment has a direct impact
on the generator current, thus reducing the
possibility of overheating the generator windings.

PF adjustment was not discussed in the
“Single Plant Operation” section because a single
generator has to supply any true power and/or
reactive load that may be in the circuit. The single
generator must supply the correct voltage and
frequency regardless of the power factor.

INFINITE BUS OPERATION.—Paralleling
generator sets to an infinite bus is similar to the
isolated bus procedure with the exception that all
sets will be slave machines. The infinite bus
establishes the grid frequency; therefore, the
governor of each slave machine has to have speed
droop to prevent constant load changes.

Emergency Shutdown

In the event of engine overspeed, high jacket
water temperature, or low lubricating oil pressure,
the engine may be shut down automatically and
disconnected from the main load by tripping the
main circuit breaker. In addition, an indicator
may light or an alarm may sound to indicate the
cause of shutdown. After an emergency shutdown
and before the engine is returned to operation,
the cause of shutdown should be investigated and
corrected.

NOTE: It is important to check the safety
controls at regular intervals to determine that they
are in good working order.

Basic Operating Precautions

The order that you post in the station for the
guidance of the watch standers should include a
general list of operating rules and electrical safety
precautions. BE SURE YOU ENFORCE THEM!

The important operating rules are relatively
few and simple. They are as follows:

1. Watch the switchboard instruments. They
show how the system is operating and reveal
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overloads, improper division of kilowatt load or
of reactive current between generators operating
in parallel, and other abnormal operating
conditions.

2. Keep the frequency and voltage at their
correct values. A variation from either will affect,
to some extent at least, the operation of the
electrical equipment of the base. This is’ especially
true of such equipment as teletypewriters or
electrical clocks. An electrical clock and an
accurate mechanical clock should be installed
together at the generating station so that the
operators can keep the generators on frequency.

3. USE GOOD JUDGMENT WHEN RE-
CLOSING CIRCUIT BREAKERS AFTER
THEY HAVE TRIPPED AUTOMATICALLY.
For example, generally the cause should be
investigated if the circuit breaker trips immediately
after the first reclosure. However, reclosing of the
breaker the second time may be warranted if
immediate restoration of power is necessary and
there was no excessive interrupting disturbance
when the breaker tripped. It should be kept in
mind, however, that repeated closing and tripping
may damage the circuit breaker and thus increase
the repair or replacement work.

4. Don’t start a plant unless all its switches
and breakers are open and all external resistance
is in the exciter field circuit.

5. Don’t operate generators at continuous
overload. Record the magnitude and duration of
the overload in the log; record any unusual
conditions or temperatures observed.

6. Don’t continue to operate a machine in
which there is vibration until the cause is found
and corrected. Record the cause in the log.

The electrical safety precautions that should
be observed by the station personnel are as
follows:

1. Treat every circuit, including those as low
as 24 volts, as a potential source of danger.

2. Except in cases of emergency, never allow
work on an energized circuit. Take every care to
insulate the person performing the work from
ground. This may be done by covering any
adjacent grounded metal with insulating rubber
blankets. In addition, provide ample illumination;

cover working metal tools with insulating rubber;
station men at appropriate circuit breakers
or switches so that the switchboard can be
de-energized immediately in case of emergency;
and make available a person qualified to render
first aid for electric shock.

POWER PLANT MAINTENANCE

Inspection and servicing procedures covered
in this chapter are rather general. In most cases,
they can be applied to any electrical power
generator that you install. You realize, of course,
that there are other special installation details
which pertain only to the particular generator you
happen to be working on. Because of the many
different types of generators, certain instructions
are applicable only to specific types of generators.
Therefore, you should consult the manufacturer’s
instruction manuals for these details.

Power plant maintenance can be divided into
two general categories: operator maintenance and
preventive maintenance.

Operator Maintenance

Operator maintenance includes the hourly,
daily, and weekly maintenance requirements
recommended in the manufacturer’s literature.
Some operator maintenance and routine checks
include the following:

Bring oil level to the high mark on the dip
stick.

Free movement of ventilation louvers.

Drain water and sediment from strainers and
filters.

Maintain level of coolant.

Check radiator and coolant hoses for leaks.

Check battery electrolyte level.

Check all switches for proper operation.

Drain water from fuel tank.

Fill fuel tank as required with appropriate
diesel fuel.
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Check fuel tank for leaks.

Log all operator maintenance in the operations
log book when it is completed.

Preventive Maintenance

Preventive maintenance includes the monthly,
quarterly, semiannual, and annual maintenance
checks recommended in the manufacturer’s
literature. The maintenance supervisor is responsi-
ble for establishing a maintenance schedule to
ensure the preventive maintenance is performed.
A maintenance log book should be established for
each generator plant and all maintenance checks
recorded. The operations log book should be
reviewed periodically to ensure that all preventive
maintenance recommended by engine operating
hours is scheduled. For example, the schedule of
engine lube oil and filter replacement is normally
based on hours of operation.

POWER DISTRIBUTION

A power distribution system includes all of the
generating plants, transmission lines, substations,
feeders, primary mains, distribution transformers,
and secondary mains necessary to supply power
from the generating plant to the load. Figure 5-8
shows the basic components of a distribution
system and the relationship of one component to
another.

A power distribution system may be either an
overhead distribution line or an underground
cable system. In most Navy installations, the
overhead system is used, but in the vicinity of
airports or landing strips, it may be necessary to
install an underground system. This chapter will
discuss mainly the overhead distribution system.

An overhead distribution system can usually
be installed and maintained more cheaply than
an underground system. Also, for equivalent
conductor size, an overhead system has higher
current capacity and offers greater flexibility with
regard to changes in circuits and taps than an
underground system. Overhead distribution
should normally be used unless climatic or
unusual conditions dictate otherwise.

SUBSTATIONS

The purpose of a substation is to switch
circuits on and off and to change the generated

Figure 5-8.—Elements of a power distribution system.

power to the proper voltage and frequency
necessary for transmission. Usually, a substation
is used to connect the generating plant to the
transmission lines. The substation transforms the
generated voltage to transmission voltage and
protects the generating plant against any faults
on the transmission lines. Another substation is
used to transform the transmission voltage to that
of the distribution voltage. The distribution
substation protects the substation and trans-
mission lines against any faults occurring on the
distribution feeders. At many advanced bases, the
source of the power will be generators connected
directly to distribution centers, thus eliminating
the need for substations.

PRIMARY FEEDERS

Primary feeders are those conductors in a
distribution system that are connected from the
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substations and that transfer the power to the
distribution centers (fig. 5-8). They may be
arranged as radial, loop, or network systems and
may be overhead or underground.

Radial Distribution System

A representative schematic of a radial distri-
bution system is shown in figure 5-9. You will note
the branching out of the independent feeders to
several distribution centers without intermediate
connections between feeders.

The most frequently used system is the radial
distribution system because it is the simplest and
least expensive system to build. It is not as reliable
as most systems, however, because a fault in the
main feeder may result in an outage on all loads
served by the feeder.

Service on this type of feeder can be improved
by installing automatic circuit breakers that will
reclose the service at predetermined intervals. If
the fault continues after a predetermined number
of closures, the breaker will be locked out until
the fault is cleared and service is restored by hand
reset.

Loop, or Ring, Distribution System

The loop (or ring) system of distribution starts
at the substation and is connected to or encircles
an area serving one or more distribution trans-
formers or load centers; the conductors of the
system return to the same substation.

Figure 5-9.—Radial distribution system.

The loop system (fig. 5-10) is more ex-
pensive to build than the radial type, but
it is more reliable. It may be justified in
an area where continuity of service is of con-
siderable importance—at a medical center, for
example.

In the loop system, circuit breakers sec-
tionalize the loop on both sides of each distribu-
tion transformer connected to the loop. The two
primary feeder breakers and the sectionalizing
breakers associated with the loop feeder are
ordinarily controlled by pilot wire relaying or
directional overcurrent relays. Pilot wire relaying
is used when there are too many secondary
substations to obtain selective timing with
directional overcurrent relays.

A fault in the primary loop is cleared by the
breakers in the loop nearest the fault, and power
is supplied the other way around the loop without
interruption to most of the connected loads. If
a fault occurs in a section adjacent to the
distribution substation, the entire load may have
to be fed from one direction over one side of the
loop until repairs are made. Sufficient conductor
capacity must be provided in the loop to permit
operation without excessive voltage drop or
overheating of the feeder when either side of the
loop is out of service. If a fault occurs in the
distribution transformer, it is cleared by the
breaker in the primary leads, and the loop remains
intact.

Network Distribution System

The network and radial systems differ with
respect to the transformer secondaries. In the

Figure 5-10.—Loop, or ring, distribution system.
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network system (fig. 5-11), transformer sec-
ondaries are paralleled; in a radial system, they
are not.

The network is the most flexible type of
primary feeder system; it provides the best
service reliability to the distribution transformers
or load centers particularly when the system
is supplied from two or more distribution
substations. Power can flow from any substation
to any distribution transformer or load center
in the network system. The network system
is more flexible with regard to load growth
than the radial or loop system and is adaptable
to any rate of load growth. Service can readily
be extended to additional points of usage
with relatively small amounts of new construc-
tion. The network system, however, requires
large quantities of equipment and extensive
relaying; therefore, it is more expensive than
the radial system. From the standpoint of
economy, the network system is suitable only
in heavy-load-density areas where the load center
units range from 1,000 to 4,000 kilovolt-amperes
(BVA).

Primary Selective System

In some instances, a higher degree of reliability
can be attained with a primary selective system.
In such a system, two feeders supply a single load
center with switching arranged for selection of
either feeder. This selection may be ‘made
manually or automatically.

In laying out a distribution system for a base,
you should divide the base into a number of
sections. These sections should be chosen so that
the loads in each section are close to one of the
distribution centers. You do this to keep the length
of the mains as short as possible and to keep the
voltage drop low between the distribution and the
loads. The distribution or load centers should be
located as near as possible to the center of the area
of the connected load.

DISTRIBUTION CENTERS

The distribution center (fig. 5-12) is the
location at which the primary main is connected

Figure 5-11.—Network distribution system.
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Figure 5-12.—Overhead distribution center.

to the feeder circuit. The fused cutout switch for
the control and protection of the primary main
is usually mounted on the buck arm below the
primary main at the distribution center. The
voltage at the distribution center should be
maintained practically constant from no load to
full load. Constant voltage can be maintained by
a feeder voltage regulator at the substation.
The voltage can then be held constant at the
distribution center by varying the voltage at the

substation. Figure 5-13 shows the distribution
center used in advanced base construction.
Portable generators are connected directly to the
distribution center using the load cables provided.

PRIMARY MAINS

The primary mains are connected to the feeder
at the distribution load center. They are always
located below the feeder on a pole. The primary

Figure 5-13.—Advanced base distribution center.
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mains operate at the same voltage as the feeder.
The distribution transformers are connected to the
primary mains through fused or automatic
cutouts. Figure 5-14 shows the primary main to
which the transformer is tapped. The cutouts, one
on each primary line, contain the fuses that
protect the transformer against overload and short
circuits. The primary mains are strung across the
upper crossarm and usually lie in a horizontal

DISTRIBUTION TRANSFORMERS

Most electrical equipment in the Navy uses
120/208 volts. The primary voltage distributed on
Navy shore installations, however, is usually
2,400/4,160 volts. A distribution transformer
(step-down) is therefore required to reduce the
high primary voltage to the utilization voltage of
120/208 volts. The various types of transformer
installations are discussed later in this chapter.
Regardless of the type of installation or
arrangement, transformers must be protected by
cutout fuses or circuit breakers, and lightning
arresters should be installed between the high-
voltage line and the fused cutouts.

There are three general types of single-phase
distribution transformers. The conventional type

Figure 5-14.—Pole-mounted primary mains.

requires a lightning arrester and fused cutout on
the primary phase conductor feeding it. The
self-protected (SP) type has a built-in lightning
protector; the completely self-protected (CSP)
type has the lightning arrester and current-
overload devices connected to the transformer and
requires no separate protective devices.

Transformer Installation

If a blueprint of a particular transformer
installation is available to you, your job will be
comparatively easy. All the construction and
electrical specifications will be worked out for you
beforehand and all you have to do is convert this
information to the finished job. However, in some
instances, a blueprint will not be available. Then,
it will be up to you to determine the location and
size of the transformer and install the transformer
according to the latest specifications. You should
be familiar with the rules and requirements of the
most current electrical codes. Be sure to study any
applicable code requirements carefully before
installing a transformer.

DETERMINATION OF TRANSFORMER
SIZE.—Let’s suppose you are given the job of
installing a single-phase transformer in a certain
area of the advanced base. This area contains 10
barracks that receive power from a 2,400-volt
overhead primary main. The electrical equipment
in the barracks consists of single-phase lights or
motors operating at either 110 or 220 volts. A
three-wire overhead secondary main distributes
the secondary voltage alongside the barracks.
Service leads complete the connection between the
secondary main and each building.

The first thing you should do is make a rough
drawing of the area. When you are finished, it
should look like figure 5-15. The location of each
pole as well as the barracks is noted. Lines
representing the service leads are drawn between
the poles and the building.

Your next step is to determine the total
connected load of each service. It sounds
complicated, but what it actually amounts to is
summing up the power required by the lights and
motors in each barracks. This power demand is
noted in each square representing a barracks
(fig. 5-15).

Next, figure out the kVA load per pole. In this
particular example, each pole serves two barracks.
Therefore, the kVA load of a pole will be the sum
of the total connected loads of the two barracks
served by that pole.
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Figure 5-15.—Transformer size calculations.

Now, calculate the total maximum connected
load on the transformer. As you can see from
figure 5-15, the total connected load is the sum
of the kVA loads per pole. It amounts to 25.85
kVA. But don’t jump to conclusions. You won’t
need a 37.5-kVA transformer to take care of the
total load. The amount 25.85 kVA represents the
amount of power that the transformer would have
to supply if all the lights and motors were turned
on at the same time. Although that possibility
exists, the time interval would be small compared
to the length of time that only a portion of the
total load would be on. Therefore, it is necessary
to calculate only the maximum demand load and
then use this figure as a basis for determining
transformer size.

An approximation of the maximum demand
load can be computed by multiplying the total
maximum connected load by the demand factor
listed in table 5-2. In this example, the maximum
demand is 23.26 kVA (25.85 × 0.9). The
transformer capacity required to meet this
demand will be 25 kVA, since a 25-kVA
transformer is the next larger standard size.

DETERMINATION OF TRANSFORMER
LOCATION.—Your next problem is to find the
most suitable location for the transformer. That
doesn’t mean finding the strongest pole but the

Some of the particularly important trans-
former installation rules are listed below.

1. One or more transformers may be hung on
a single pole if the total weight does not exceed

5-21

one that is nearest to the ELECTRICAL
CENTER of the area.

The electrical center is the point where a
balance is obtained between the total kVA spans
to the north and south of the location of the
transformer. The kVA span is the product of the
number of spans times the kVA load of the pole.

To begin with, assume that you are going to
place the transformer on pole K (fig. 5-15). Then
figure the total kVA spans to the north and south
of this location. A chart will simplify your
calculations.

kVA spans north of kVA spans south of
pole K pole K

1 × 4.0 = 4.0 1 × 6.9 = 6.9

2 × .8 = 1.6 2 × 12.0 = 24.0

5.6 30.9

Total kVA spans north Total kVA spans south
of pole K = 5.6 of pole K = 30.9

You can see that if you placed the transformer
on pole K, it would be at an imbalanced electrical
center; that is, it would be too far away from the
heaviest loads.. So pick another pole. This time
choose pole L and make another chart.

kVA spans north of kVA spans south of
pole L pole L

1 × 2.15 = 2.15 1 × 12.0 = 12.0

2 × 4.0 = 8.0 12.0

3 × .8 = 2.4

12.55

Total kVA spans north Total kVA spans south
of pole L = 12.55 of pole L = 12.0

Pole L is nearest to the electrical center of the
area. That is the pole, then, on which you will
mount the transformer.

Transformer Installation Rules



the safe strength of the pole or of the crossarms
and bolts supporting them.

2. When more than one transformer is
installed on crossarms, the weight should be
distributed equally on the two sides of the pole.

3. Single-phase distribution transformers of
100 kVA or smaller are usually placed ABOVE
the secondary mains if conditions permit. Those
larger than 100 kVA are usually platform or pad
mounted.

4. Lightning arresters and fused cutouts have
to be installed on the primary side of all
distribution transformers except the self-protected
type.

5. Ground wires are required to be covered
with plastic or wood molding to a point 8 feet
above the base of the pole.

GUYING OF POLES

A guy is a brace or cable that is anchored in
some fashion to the ground and secured to a point
on the pole at the other end. Correctly selected
and installed, the guy will protect the pole line
from damage caused by the strain of the line
conductors and pole-mounted equipment. The
guy will also minimize the damage to the pole line
caused by severe weather.

Basic guying information, such as types,
locations, and anchors, is covered in Construction
Electrician training manuals of lower rates. In this
section, we’ll be concerned with calculating the
“line conductor load” for various line angles and
dead ends, the effects that the lead-to-height ratios
have on guy tensioning, and methods used to
select the size and type of guy wire and anchors
correctly.

The first step in determining the guy type and
tension requirement is to determine the line
conductor tension. Table 5-5 lists the most

Table 5-5.—Breaking Strength of Line Conductors

Wire Size, AWG Breaking Strength
(Copper, Hard Drawn) Lb

No. 8 830
No. 6 1,280
No. 4 1,970
No. 2 3,045
No. 0 4,750
No. 00 5,927
No. 0000 9,617

common size of line conductors (hard-drawn
copper) that you will encounter in the field. To
determine the conductor tension under maximum
loading conditions, take 50 percent or one-half
of the breaking strength of the conductor. This
allows for the safety factor of two required by
the National Electric Safety Code.

Example:

Line tension = 50 percent of breaking strength

For No. 6 copper = 50 percent of 1,280 = 640 lb

Next, we must determine the angle of change in
the line. Any change in the direction of the line
increases the line conductor tension and, left
uncorrected, tends to pull the pole out of
alignment. Table 5-6 lists the most common line
angles in degrees and the constant by which the
line tension must be multiplied to determine the
side pull.

Example: For No. 6 copper conductor, for a
30-degree angle,

640 × 0.517 = 330 lb

The total side pull can now be determined by
multiplying the side pull of one conductor by the
number of conductors.

Example: On the basis of four conductors,
the total side pull is as follows:

330 × 4 = 1,320 lb

The next step required to determine the correct
guy tension is to find the multiplying factor for
the lead-to-height ratio. The lead-to-height ratio
is the relationship of the lead (L) (distance between
the base of the pole and the anchor rod) to the
height (H) of the guy attachment on the pole, as
shown in figure 5-16. This ratio will vary because
the terrain of obstructions will restrict the location
of the anchor. A guy ratio of 1 to 1 is preferred.
Shortening L increases the tension in the guy,
causing increased stresses on the pole especially
at dead ends and acute angles.

Using our previous example of four No. 6
AWG copper conductors at a 30-degree angle,
let’s determine the total guy tension using a 1-to-1
ratio, assuming that H = 30 feet and L = 30 feet
(refer to table 5-7). Locate the height of the guy
attachment (30 ft) in the left-hand column. Move
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Table 5-6.—Angle Constant Based on Line Angle

Line Angle, Deg
10
20
30
40
50
60
70
80
90 or dead end

Angle Constant
0.174
0.347
0.517
0.684
0.845
1.000
1.15
1.29
1.41

Height
H of guy

attachment
on pole, ft

15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

Figure 5-16.—Methods of measuring height and lead dimensions.

Table 5-7.—Height and Distance Ratio Multiplier

5 6 7 8 10 12 14 16 18 20 25 30 35

3.16 2.69 2.36 2.12 1.80 1.60 1.46 1.37 1.30 1.25 1.16 1.12 1.09
3.35 2.85 2.47 2.24 1.89 1.67 1.52 1.41 1.34 1.28 1.19 1.13 1.10
3.54 3.00 2.63 2.35 1.97 1.73 1.57 1.46 1.37 1.31 1.21 1.15 1.11
3.73 3.16 2.76 2.46 2.06 1.79 1.63 1.50 1.41 1.35 1.23 1.17 1.12
3.93 3.32 2.89 2.58 2.15 1.87 1.68 1.55 1.45 1.38 1.26 1.19 1.14
4.12 3.48 3.03 2.69 2.24 1.94 1.74 1.60 1.49 1.41 1.28 1.20 1.15
4.32 3.64 3.17 2.81 2.33 2.01 1.80 1.65 1.54 1.45 1.31 1.22 1.17
4.51 3.80 3.30 2.93 2.42 2.09 1.86 1.70 1.58 1.49 1.33 1.24 1.18
4.71 3.96 3.44 3.04 2.51 2.16 1.92 1.75 1.62 1.52 1.36 1.26 1.20
4.90 4.12 3.57 3.16 2.60 2.24 1.98 1.80 1.67 1.56 1.39 1.28 1.21
5.10 4.28 3.71 3.28 2.69 2.31 2.04 1.85 1.71 1.60 1.41 1.30 1.23
5.29 4.45 3.84 3.40 2.79 2.39 2.11 1.91 1.76 1.64 1.44 1.32 1.25
5.51 4.62 3.99 3.52 2.88 2.46 2.17 1.96 1.80 1.68 1.47 1.34 1.26
5.69 4.78 4.13 3.64 2.97 2.54 2.24 2.01 1.85 1.72 1.50 1.37 1.28
5.89 4.94 4.27 3.76 3.07 2.61 2.30 2.06 1.90 1.76 1.53 1.39 1.30
6.08 5.09 4.41 3.88 3.16 2.68 2.36 2.12 1.95 1.80 1.56 1.41 1.32
6.28 5.26 4.54 4.04 3.26 2.77 2.42 2.18 1.99 1.84 1.59 1.44 1.33
6.48 5.42 4.68 4.13 3.36 2.85 2.49 2.24 2.04 1.89 1.62 1.46 1.35
6.68 5.59 4.82 4.24 3.45 2.93 2.56 2.29 2.09 1.93 1.65 1.48 1.37
6.88 5.75 4.96 4.36 3.54 3.01 2.62 2.34 2.14 1.97 1.69 1.51 1.39
7.08 5.92 5.10 4.48 3.64 3.08 2.69 2.40 2.19 2.02 1.72 1.53 1.41

Distance D from center of pole to guy rod, ft
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to the right until you reach the column under 30,
the number of feet the anchor is away from the
pole. The figure shown (1.41) is the guy ratio
multiplier. Now let’s compute the guy tensioning
value.

Example: Total side pull × guy ratio
multiplier

1,320 × 1.41 = 1,861 lb

The guy wire and anchor for this example must
be rated to hold at least 1,861 foot-pounds of
load.

We now know the guy wire must have a breaking
strength of at least 3,722 pounds. Referring again
to table 5-8, locate the breaking strength column;
then move down this column until a value that
is at least 3,722 pounds is found. Our example
requires a breaking strength of 3,722 pounds.
Based on this value, a 3/8-inch common grade
would be sufficient.

Guy wire comes in various sizes and grades The final step needed to ensure a safe and
from 1/4 to 1/2 inch. Table 5-8 lists the grades adequate guy is the selection of a guy anchor of
and sizes in the left-hand column with the sufficient holding power. The holding power of
breaking and allowable tension strengths in the an anchor depends upon the area of the anchor
right columns. To determine the correct grade and plate, the depth setting, and the type of soil. The
size of guy wire, first multiply the calculated guy greater each of these is, the greater the volume
tension by the safety factor of 2. Continuing with of earth required to hold it in place. Table 5-9 lists
our example, solve for maximum breaking the most commonly used manufactured anchors.
strength. To use this chart, determine the type of soil and

Example:

Maximum breaking
strength required = guy tension × 2

= 1,861 lb × 2 = 3,722 lb

Table 5-8.—Guy Wire Breaking Strength

Grade

Common . . . . . . . . . . . . . . . . . . . . . . . . . . .
Siemens Martin . . . . . . . . . . . . . . . . . . . . .
Utilities . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Siemens Martin high strength . . . . . . . . .
Common . . . . . . . . . . . . . . . . . . . . . . . . . . .
Siemens Martin . . . . . . . . . . . . . . . . . . . . .
Specification. . . . . . . . . . . . . . . . . . . . . . . .
Utilities . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Siemens Martin high strength . . . . . . . . .
Common. . . . . . . . . . . . . . . . . . . . . . . . . . .
Siemens Martin . . . . . . . . . . . . . . . . . . . . .
Utilities . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Siemens Martin high strength . . . . . . . . .
Specification. . . . . . . . . . . . . . . . . . . . . . . .
Common. . . . . . . . . . . . . . . . . . . . . . . . . . .
Siemens Martin . . . . . . . . . . . . . . . . . . . . .
Siemens Martin high strength . . . . . . . . .
Specification. . . . . . . . . . . . . . . . . . . . . . . .

Size,
in.

1/4 1,900 950
1/4 3,150 1,575
1/4 4,500 2,250
1/4 4,750 2,375

5/16 3,200 1,600
5/16 5,350 2,675
5/16 6,000 3,000
5/16 6,500 3,250
5/16 8,000 4,000
3/8 4,250 2,125
3/8 6,950 3,475
3/8 8,500 4,250
3/8 10,800 5,400
3/8 11,500 5,750
1/2 7,400 3,700
1/2 12,100 6,050
1/2 18,800 9,400
1/2 25,000 12,500

Breaking
strength, lb

Allowable
tension, lb
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total guy tensioning amount. Move down the
correct holding strength column until a value of
at least the required amount is found. In the
example just given, the guy tension allowed for
is 3,722 pounds. Using table 5-9, we see that either
an 8-inch expansion or screw would provide
adequate holding power. The type selected would
be based on material available, cost, and ease of
installation. By following this five-step process
closely, you can quickly determine the correct guy
requirements for any situation.

PROTECTIVE DEVICES

Overcurrent protection and personnel safety
requirements are provided for in a power
distribution system by the use of air-break
switches and fused cutouts. Pole-mounted oil
switches may also be used. Lightning arresters
protect the primary lines from overvoltage caused
by lightning.

Switches and Fused Cutouts

The air-break switch has both blade and
stationary contact equipped with arcing horns, as
shown in figure 5-17. These horns are pieces of Figure 5-17.—Three-phase ganged air switch.

Table 5-9.—Holding Power for Commonly Used Anchors

ANCHOR HOLDING STRENGTH, LB

TYPE SIZE IN POOR SOIL AVERAGE SOIL

Expansion 8 10,000 17,000

Expansion 10 12,000 21,000

Expansion 12 16,000 26,500

Screw or Helix* 8 6,000 15,000

Screw or Helix 11 5/16 9,500 15,000

Screw or Helix 32 10,000 23,000

Screw or Helix 34 15,500 27,000

Never-Creep 21,000 34,000

Cross Plate 18,000 30,000

*Screw or Helix anchors power installed.
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metal between which an arc forms when a circuit
carrying current is opened. As the switch opens,
the arcing horns are spread farther and farther
apart, lengthening the arc until it finally breaks.
Air-break switches are usually mounted on
substation structures or on poles and are used to
isolate primary feeders.

The fused cutout provides fuse protection in
addition to isolating the line. Fused cutouts must
be installed on the primary side of all distribution
transformers and capacitor banks.

The rating (size) of the fuse link used in a
primary cutout is important. The chart in
table 5-10 will help you select the correct fuse size.
As an example, suppose you have installed a
single-phase 75-kVA transformer that operates
from a 2,400-volt primary. Using the chart, first
find the transformer capacity (75) on the left side
of the chart. Then proceed to the right until you
intersect the primary voltage column (2,400 volts).
The chart lists the full-load current as 31.3
amperes and the recommended fuse size as 50

Table 5-10.—Fuse Size for Transformer Installations

System
Nominal
Voltage

2,400 4,160 7,200 12,000 13,800

Trans-
former
kVA
Rating

Full- Fuse Full- Fuse Full- Fuse Full- Fuse Full- Fuse
Load Ampere Load Ampere Load Ampere Load Ampere Load Ampere
Current Rating Current Rating Current Rating Current Rating Current Rating

SINGLE-PHASE TRANSFORMERS

5 2.1 3 1.2 3 0 7 3 0 4
10 4.2 7 2.4 5 1.4 3 0.8

3 0.4
0.7

3
3 3

15 6.3
10.4

10 3.6 5 2.1 3 1.3 3 1.1 3
25 15 6.0 10 3 5 5 2.1 3 1.8 3
37.5 15.6 25 9.0
50 20.8 30 12.0

15 5.2 10 3 1 5 2.7 5
20 7.0 10 4.2 7 3 6 5

75 31.3 50 18.0 25 10.4 15 6.3 10 5.4 10
100 41.7 65 24.0 40 13.9 20 8.3 15 7.2 10
167 69.6 100 40.1 65 23.2 40 13.9 20 12.1 20
250 104.2 150 60.1 100 34.8 50 20.8 30 18.1 25

THREE-PHASE TRANSFORMERS

9 2.2 3 1.3 3 0.7 3 0.4 3 0.4 3
15 3 6

7.2
5 2.1 3 1.2 3 0.7 3 0.6 3

30 10 4.2 7 2.4 5 1.4 3 1.3 3
45 10.8 15 6 3

10.4
10 3.6 5 2.2 3 1.9 3

75 18.1 25 15 6.0 10 3 6 5 3.1
112.5 27.1 40 15.6 25 9 0

1 2
15 5.4 10 4.7

5
7

150 36.1 50 20.8 30 20 7.2 10 6.3 10
225 54.2 80 31.3 50 18 25 10.8 15 9.4 15
300 72.3 100 41.7 65 24 40 14.5 20 12.6 20
500 120 200 69.5 100 40 65 24.1 40 21.0 30

Note: To compute the full-load current for transformers not listed on this table, use the formulas in appendix II.
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amperes. Therefore, for this particular installation
you should use a 50-ampere fuse.

The protective requirements of a three-phase
transformer installation are the same as those for
a single-phase service. The size of the fuse, again,
is determined by the total capacity of the
transformer bank and the value of the primary
voltage. The chart in table 5-10 will assist you in
selecting the proper size fuse.

The questions you should now be asking
yourself are, How much capacity do I add to the
circuit? and How do I go about computing the
required capacity with the information I now have
available to me? Perhaps the following illustration
will help.

Lightning Arresters

The purpose of a lightning arrester installed
on primary lines is twofold: first, to provide a
point in the circuit at which the lightning impulse
can pass to earth without injuring line insulators,
transformers, or other connected equipment; and
second, to prevent any follow-up power current
from flowing to ground. Lightning arresters must
be installed on the primary side of all substations,
distribution centers, distribution transformers,
and capacitor banks.

Ground Wire

A ground wire on an overhead line may be
a galvanized steel, copper-covered steel, or
aluminum-covered steel cable. It is strung along
the transmission line but is mounted above the
other conductors. The ground wire is not a part
of any electrical circuit, but is, instead, connected
to earth ground at frequent intervals (usually every
fifth pole) on pole lines. The ground or earth
potential is brought above the transmission lines,
therefore reducing the stress placed on the
lines and insulators caused by lightning. The
effectiveness of a ground wire depends on low
ground resistance. Good ground connections
should be made at frequent intervals along the
line;

CAPACITOR BANKS

Capacitors are an important part of the
distribution system. They provide a convenient
and practical means of improving the power
factor by neutralizing the effect of lagging power
factor loads. This action reduces the line current
and line losses and improves the line voltage
regulation. Capacitors can be installed in relatively
small banks and placed in the circuit near the
source of the reactive load or on the primary
feeders. Be sure to use high-voltage capacitors
when you place capacitors between the trans-
former and the high-voltage primary lines.
Typical capacitor bank connections are shown in
figure 5-18. Figure 5-18.—Typical capacitor bank connections.
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Assume you have a 100-kilowatt supply. You
have determined by various measurements that
it is operating at 70-percent power factor (PF).
You would like to improve the PF to 85 percent.
How much capacity should you add? Refer to
figure 5-19 and the following calculations.

Given:

cos A = .70 = present PF

cos B = .85 = desired PF

From the cosines given above and trigonometric
tables, you can determine the following angles and
tangents:

Angle A = 45.6°; therefore, tan 45.6° = 1.0212

Angle B = 31.8°; therefore, tan 31.8° = .6200

and tan A - tan B = C = .4012

Multiply by 100-kW availability = 40 kVA

Angle C (fig. 5-19) is the amount of leading
capacitive reactance you need to add to the circuit
to reduce the lagging reactive component.
Attempts to improve the PF above 90 percent by
means of capacitors are seldom economical.

Listed below are a few rules to help you
supervise the installation of capacitors.

Use lightning arresters of the line type on
the capacitor banks of the sizes normally used.

Use primary cutouts in the majority of
installations to connect and disconnect the
capacitor bank. A liberal margin between normal
current ratings and fuse rating is necessary to
avoid unnecessary operation on current transients.

Install capacitors at load centers to
improve lagging power factor.

Install capacitors at the end of the line for
voltage improvement.

WARNING

A disconnected capacitor retains its
electrical charge for some time and may
have full line voltage across its terminals.
When capacitors are removed from service
for any purpose, consider them to be at full
voltage until the terminals have been
short-circuited and grounded. DO NOT
SHORT-CIRCUIT TERMINALS UNTIL
CAPACITORS HAVE BEEN DE-
ENERGIZED FOR AT LEAST 5
MINUTES.

DISTRIBUTION SYSTEM
MAINTENANCE

Inspection and maintenance of all distribution
system components should be scheduled and
conducted as outlined in NAVFAC P-322,
Inspection for Maintenance of Public Works and
Public Utilities, Volume I, and Inspection Guides-
Electrical, Volume II. Maintenance and testing
of transformers are covered in NAVFAC
MO-200, Facilities Engineering Electrical Exterior
Facilities. Any inspection and maintenance of, or
close to, electrical wiring, equipment, or
apparatus, are dangerous. It is vital that all
personnel who make such inspections or perform
such maintenance know and observe all the
prescribed safety precautions. Electrical accidents,
like other types of accidents, do not just happen
but are the direct result of carelessness or failure
to observe safety precautions.

ADVANCED BASE PLANNING

You, as a First Class Construction Electrician
within the NCF, may be called upon to assist in
the planning and construction of an advanced
base. In this section we will discuss the layout of
a facility within a component of the Advanced
Base Functional Component (ABFC) System and
how it fits in with the overall structure of an
advanced base. For a more detailed breakdown
of Facilities Planning Guide, NAVFAC P-437,
and the Advanced Base Functional Component
(ABFC) System, refer to NCF First Class Petty
Officer, NAVEDTRA 10601. Your primary task
as a First Class Construction Electrician will be
to install and maintain the electrical system needed
by your command to complete its assigned
mission.

In Facilities Planning Guide, NAVFAC-437,
Volume I, Part 2, you will find facility drawings,
indexed by facility number and a DoD category
code. Each drawing is a detailed construction
drawing that describes and quantifies the facility
required to complete it. These predesigned
facilities give the planner alternatives for satisfying
contingency requirements when a call out of a
complete component is not desired. Remember
that a “component” is defined as a grouping of
personnel and material that has a specific function
or mission at an advanced base, whether located
overseas or in CONUS, and a component is
supported by facilities, which, in turn, are
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supported by assemblies. Figure 5-20 shows the
electrical plan for a 60-bed mobile hospital,
component M8E. Within this component, there
are several facilities. Figure 5-21 shows all the
facilities you will need to construct component
M8E (Hospital 60 Bed Mobile). When you are
assigned the task of constructing an advanced base
using the ABFC system, your ability to read prints
and use logic is basically the only requirement
other than the components, facilities, and
assemblies you will need. The prints give you a
basic idea of how this particular advanced base

component is to be layed out. Figure 5-22 shows
facilities 811 10AU, 811 10AV, 811 10AW, and
811 10P, but, according to figure 5-21, the only
facility drawing that you will need for this
particular component is 811 10AU. Figure 5-23
shows one assembly (32601), which, along with
six others, makes up facility 811 10AU.

NCF First Class Petty Officer, NAVEDTRA
10601, describes how assemblies can be broken
down even further by NSN numbers; as shown
in figure 5-24.

Figure 5-21.—Comuonent M8E.
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Figure 5-23.—Assembly.
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Figure 5-24.—Assembly 32601.
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FIELD RIGGING AND HOISTING SYSTEMS

CHAPTER 6

This chapter presents information on how to
rig and erect field hoisting systems used within
the Naval Construction Force (NCF).

Formulas are given on how to determine or
find the safe working load (SWL) of fiber/
synthetic line and wire rope. These formulas are
important when constructing a field hoisting
system and also when lifting by any other means.
In addition, the breaking strengths of fiber line
and wire rope are covered.

FIELD-ERECTED HOISTING
DEVICES

The term FIELD-ERECTED HOISTING
DEVICE refers to a device, generally of a
temporary nature, that is constructed in the field,
using locally available material, for the purpose
of hoisting and moving heavy loads. Basically, it
consists of a block-and-tackle system arranged on
some form of skeleton structure consisting of
wooden poles or steel beams. The tackle system
requires some form of machine power or work
force to do the actual hoisting. The skeleton
structure with attached tackle is held in place and
supported by means of guy lines anchored to
holdfasts in the ground.

HOLDFASTS

Gin poles, shear legs, and other rigging devices
are held in place by means of guy lines anchored
to HOLDFASTS. In fieldwork, the most desirable
and economical holdfasts are natural objects, such
as trees, stumps, and rocks. When natural
holdfasts of sufficient strength are not available,
proper anchorage can be provided through
the use of man-made holdfasts. These include
single-picket, combination-picket, combination-
log-picket, and log deadman holdfasts.

Natural Types

When using trees or stumps as holdfasts,
always attach the guys near ground level. Of
course, the strength of the tree or stump is also
an important factor in determining its suitability
as a holdfast. With this thought in mind, NEVER
use a dead tree or a rotten stump for this purpose.
Such holdfasts are unsafe because they are likely
to snap suddenly when a strain is placed on the
guy. Make it a practice to lash the first tree or
stump to a second one (fig. 6-1). This will provide
added support for the guy.

Single-Picket Holdfast

Pickets used in the construction of picket
holdfasts may be made of wood or steel. A wood
picket should be at least 3 inches (76.2 millimeters)
in diameter and 5 feet (1.5 meters) long. A
SINGLE-PICKET holdfast can be provided by
driving a picket 3 to 4 feet (0.9 to 1.2 meters) into
the ground, slanting it at an angle of 15° opposite
to the pull. In securing a single guy line to a picket,
take two turns around the picket and then have
part of the crew haul in on the guy as you take
up the slack. When you have the guy taut, secure
it with two half hitches. In undisturbed loam soil,

Figure 6-1.—Use of trees as natural holdfasts.
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the single picket is strong enough to stand a pull
of about 700 pounds (317.5 kilograms).

Combination-Picket Holdfast

A COMBINATION-PICKET holdfast con-
sists of two or more pickets. Figure 6-2 gives you
an idea of how to arrange pickets in constructing
a 1-1-1 and a 3-2-1 combination-picket holdfast.

In constructing the 1-1-1 combination, drive
three single pickets about 3 feet (0.9 meter) into
the ground, 3 to 6 feet (0.9 to 1.8 meters) apart,
and in line with the guy. For a 3-2-1 combination,
drive a group of three pickets into the ground,
lashing them together before you secure the guy
to them. The group of two lashed pickets follows
the first group, 3 to 6 feet (0.9 to 1.8 meters) apart,
and is followed by a single picket. The 1-1-1
combination can stand a pull of about 1,800
pounds (810 kilograms), while the 3-2-1 com-
bination can stand as much as 4,000 pounds (1,800
kilograms).

The combination of the pickets grouped and
lashed together and the small stuff secured onto
every pair of pickets makes the combination-
picket holdfasts much stronger than the single-
picket holdfasts.

The reason for grouping and lashing the first
cluster of pickets together is to reinforce the point
where the pull is the greatest. The small stuff links
each picket to the next, thereby dividing the force
of pull so that the first picket will not have to
stand all of the strain. Using 12- to 15-thread small
stuff, clove hitch it to the top of the first picket.
Then, take about four to six turns around the first

and second pickets, going from the bottom of the
second to the top of the first picket. Repeat this
with more small stuff from the second to the third
picket, and so on, until the last picket has been
secured. After this, pass a stake between the turns
of small stuff, between EACH pair of pickets, and
then make the small stuff taut by twisting it with
the stake. Now, drive the stake into the ground.

If you are going to use a picket holdfast for
several days, it is best to use galvanized guy wire
in place of the small stuff. Rain will not affect
galvanized guy wire, but it will cause small stuff
to shrink. If the small stuff is already taut, it could
break from overstrain. If you HAVE TO use
small stuff, be sure to slack it off before leaving
it overnight. You do this by pulling the stake up,
untwisting the small stuff once, and then replacing
the stake.

Combination-Log-Picket Holdfast

For heavy loads or in soft- or wet-earth areas,
a COMBINATION-LOG-PICKET holdfast is
frequently used. With this type, the guys are
anchored to a log or timber supported against four
or six combination-picket holdfasts. (See fig. 6-3.)
The timber serves as a beam and has to be placed
so that it bears evenly against the front row of
the pickets. Since the holding power of this setup
depends on the strength of the timber and anchor
line as well as the holdfast, be sure to use a timber
big enough and an anchor line strong enough to
stand the pull.

Rock Holdfast

ROCK holdfasts are made by inserting pipes,
crowbars, or steel pickets in holes drilled in solid

Figure 6-2.—Combination-picket holdfast: A. 1-1-1
combination, B. 3-2-1 combination. Figure 6-3.—Combination-log-picket holdfast.
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rock. Using a star drill, drill holes in the rock
1 1/2 to 3 feet (75 to 90 centimeters) apart,
keeping them in line with the guy. Remember to
drill the holes at a slight angle so that the pickets
will lean away from the direction of pull. Make
the front hole about 1 1/2 to 3 feet (75 to 90
centimeters) deep and the rear hole 2 feet (60
centimeters) deep (fig. 6-4). After driving pickets
into the holes, secure the guy to the front picket.
Then, lash the pickets together with chain or wire
rope to transmit the load.

Deadman Holdfast

A DEADMAN provides the best form of
anchorage for heavy loads. It consists of a log,
a steel beam, a steel pipe, or a similar object
buried in the ground with the guy connected to
it at its center. (See fig. 6-5.) Because it is buried,
the deadman is suitable for use as a permanent
anchorage. When installing a permanent deadman
anchorage, you should put a turnbuckle in the guy
near the ground to permit slackening or tightening
the guy when necessary.

In digging the hole in which to bury the
deadman, make sure it is deep enough for good
bearing on solid ground. The less earth you
disturb in digging, the better the bearing surface
will be. As shown in figure 6-5, you should
undercut the bank in the direction toward the guy
at an angle of about 15° from the vertical. To
increase the bearing surface, drive stakes into the
bank at several points over the deadman.

A narrow, inclined trench for the guy has to
be cut through the bank and should lead to the
center of the deadman. At the outlet of the trench,
place a short beam or log on the ground under
the guy (fig. 6-5). In securing the guy to the center
of the deadman, see that the standing part (the
part on which the pull occurs) leads from the
bottom of the log deadman. Thus, if the wire rope
clips slip under strain, the standing part will rotate
the log in a counterclockwise direction, causing
the log to dig into the trench rather than roll up

Figure 6-5.—Log deadman.

and out. See that the running end of the guy is
secured properly to the standing part.

Steel-Picket Holdfast

The STEEL-PICKET holdfast shown in figure
6-6 consists of steel box plates with nine holes
drilled through each and a steel eye welded on the
end for attaching the guy. When installing this
holdfast, it is important that you drive steel
pickets through the holes in such a manner that
will cause them to clinch in the ground. You will
find the steel-picket holdfast especially useful for
anchoring horizontal lines, such as the anchor
cable on a pontoon bridge. The use of two or
more of the units in combination will provide a
stronger anchorage than a single unit.

Figure 6-4.—Rock holdfast. Figure 6-6.—Steel-picket holdfast.
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GIN POLE

The GIN POLE is a rig constructed from a
single pole, square timber, or steel beam. It stands
almost vertically and is supported by guys. Loads
of medium weight can be lifted from 10 to 50 feet
(3 to 16 meters) by a block and tackle supported
on the gin pole. The hauling part of the tackle
leads through a snatch block at the base of the
pole to the source of power.

The timber gin pole should not be longer than
60 times its minimum thickness because of the
tendency to buckle under compression. If the pole
is too short and you have to splice two together,
place the sections so that the end of one touches
the end of the other. This is called BUTT
SPLICING. Join the sections together by bolting
wooden scabs or metal plates onto them. Some-
times large spikes are used to fasten the wooden
scabs. When there is a tendency on the part of
a spliced pole to buckle, fasten an additional set
of guys at the splice.

Guy lines, incidentally, may be either wire rope
or fiber line, although wire rope is usually
preferred because of its strength and resistance
to corrosion and weathering. Generally, four guys
are considered a minimum with 90° angles
between guys. If the pole or spar supported by
the guys is long and slender, it may be advisable
to provide support at several points on the pole
in a tiered effect.

Guy lines should be anchored a considerable
distance from the base of the gin pole. The
recommended minimum distance from the base
of the gin pole to the anchorage of the guy line
is twice the height of the pole.

The angle of the pole is especially important
in the matter of stress. For instance, if the pole
is vertical, the stress on each after guy is practically
zero. But, when the angle between the guy and
the ground is 45°, the stress on each guy is almost
one half of the total load. That is why you have
to use a guy that will stand stress of at least one
half of the load.

The weakest point in the gin pole assembly is
most likely to be the after guy. If you study
figure 6-7, you will see that as the gin pole is
slacked outward, distance (b) becomes less and
distance (a) becomes greater. After the pole has
reached a certain angle, (a) becomes greater than
(b), and from then on, the guy has a strain on
it greater than the weight. This increases so rapidly
as the pole approaches the horizontal that the
amount of strain is theoretically almost infinite
when the pole is lying nearly flat. Obviously, then,

Figure 6-7.—Stress on after guy and gin pole.

the nearer the gin pole is to the vertical, the less
the stress on the after guy, and the pole cannot
be lowered far off the perpendicular without
setting up dangerous stresses.

The formula for finding the thrust on the pole
itself is rather complicated and involves a value
that is difficult to determine without the use of
trigonometry. You can easily see that in the
vertical position, the pole would be supporting a
thrust equal to, but no greater than, the weight.
As the pole is slacked outward, the thrust on it,
like the stress on the guy, increases, reaching
fantastic proportions when the pole gets beyond
a certain angle.

About the best thing you can do, then, is to
remember that a gin pole cannot be slacked to
more than a few degrees off the vertical before
it begins to take a heavy strain.

Rigging

The basic steps in the procedure for rigging
a gin pole are given below. Learn each step listed,
and study carefully figure 6-8, which shows you
how a gin pole is erected and the details of the
lashings.

1. Place the pole so that the base is at the spot
where it is to be erected.

2. Make a tight lashing of eight or nine turns
of fiber line about 1 foot (30 centimeters) from
the top of the pole with two or more of the center
turns engaging the hook of the upper block of the
tackle. Secure the ends of the lashing with a square
knot, and attach cleats to the pole flush with the
lower and upper sides of the lashing to prevent
the lashing from slipping.
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Figure 6-8.—The gin pole.

3. Lay out guy lines, each one about four
times as long as the pole. Each line makes two
guys if you make a clove hitch in the center and
then pass it over the top of the pole above the
tackle lashing. The guys lead from the pole,
opposite each other, to block-and-tackle arrange-
ments, which are attached to an anchorage. Thus,
the length of the guy from the pole to the
anchorage is approximately twice the length of the
pole

4. Make another tight lashing (as above)
about 2 or 3 feet (60 or 90 centimeters) from the
base of the gin pole, and put a cleat above and
below this to keep it from slipping. This is where
the snatch block is secured.

5. Now, reeve your tackle so that the hauling
part passes from the head block, through the
snatch block, to the source of power.

6. To keep the pole from skidding while being
erected and to keep it in place while a load is being
hoisted, set up a picket holdfast about 3 feet (90
centimeters) from the pole base, and tie a line
from the holdfast to the pole base.

7. Before erecting the gin pole, make SURE
the lashings are made properly and that hooks are
moused.

Erecting

Gin poles not over 50 feet (12 meters) in length
may be raised easily by hand, but longer poles
must be raised by supplementary rigging or power
equipment. About 10 or more crew members may
be needed to erect a gin pole properly, the number
depending largely on the weight of the pole. Use
the following procedure as a guide in erecting the
pole:

1. Dig a hole for the base between 6 inches
(15 centimeters) and 1 foot (30 centimeters) deep,
depending on the type of soil and the weight to
be lifted.

2. Lay out each guy as far as its anchorage.
If tackle is NOT used on the after guys, one crew
member controls the slack of each with turns
around the anchorage as the pole is raised.
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3. You can do one of two things to bring the
movable block down within reach. You can tie
a line to the hook of the movable block, or you
can overhaul the tackle until it is longer than the
length of the pole, and secure it to an anchorage
opposite the base.

4. To raise the pole easily, start raising it by
hand to about 3 or 4 feet (0.9 or 1.2 meters) from
the ground. Then, round in the blocks of the after
guys. While raising the pole, keep tension on the
forward guys; otherwise, the pole may swing and
throw all the weight to one side.

5. When the pole is upright; make all guys
fast.

6. You can move the top of the pole from
vertical to 15° forward without moving the base.
This is called DRIFTING and should be done only
while the pole is NOT loaded, unless you can
regulate the tension of all guys by tackle that is
secured at the end of each. You will drift the pole
forward when lifting the load.

SHEAR LEGS

The SHEAR LEGS is formed by crossing two
timbers, poles, planks, pipes, or steel bars and
lashing or bolting them together near the top. A
sling is suspended from the lashed intersection and
is used as a means of supporting the load tackle
system. (See fig. 6-9.) In addition to the name
shear legs, this rig is often referred to simply as
a shears. (It has also been called an A-frame.)

The shear legs is used to lift heavy machinery
and other bulky objects. It may also be used as
end supports of a cableway and highline. A major
reason for using the shears in fieldwork is that
it can be quickly assembled and erected.

A shears requires only two guy lines and can
be used for working at a forward angle. The
forward guy does not have much strain imposed
on it during hoisting. This guy is used primarily
as an aid in adjusting the drift of the shears and
in keeping the top of the rig steady when a load
is being hoisted or placed. The after guy is an
important part of the shears’ rigging, as it is under
considerable strain when hoisting. It should be
designed for a strength equal to one half of the
load to be lifted. The same principles for
thrust on the spars apply; is, the thrustthat

hearincreases drastically as the s
perpendicular.

legs go off the

Figure 6-9.—Shear legs.

Rigging
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In rigging the shears, place your two spars or
poles on the ground parallel to each other with
their butt ends even. Next, put a large block of
wood under the tops of the legs just below the
point of lashing, and place a small block of wood
between the tops at the same point to facilitate
handling of the lashing. Now, separate the poles
a distance equal to about one third of the diameter
of one pole.

For lashing material, use 18- or 21-thread
small stuff. In applying the lashing, first make
a clove hitch around one of the legs. Then, take
eight or nine turns around both legs above the
hitch, working towards the top of the legs.
Remember to wrap the turns tightly so that the
finished lashing will be smooth and free of kinks.
To apply the frapping (tight lashings), make two
or three turns around the lashing between the legs;
then, with a clove hitch, secure the end of the line
to the other leg just below the lashing (fig. 6-9).

Now, cross the legs of the shears at the tip and
separate the butt ends of the two legs so that the
spread between them is equal to one half of the
height of the shears. Dig shallow holes about 1
foot (30 centimeters) deep at the butt end of each
leg. The butts of the legs should be placed in these



holes in erecting the shears. Placing the legs in
the holes will keep them from kicking out in
operations where the shears is at an angle other
than vertical.

The next step is to form the sling for the
hoisting falls. To do this, take a short length of
line, pass it a sufficient number of times over the
cross at the top of the shear, and tie the ends
together.

Now, reeve a set of blocks and place the hook
of the upper block through the sling; then secure
the hook by mousing. Fasten a snatch block to
the lower part of one of the legs, as shown in
figure 6-9.

If you need to move the load horizontally by
moving the head of the shears, rig a tackle in the
after guy near its anchorage.

The guys—one forward guy and one after
guy—are secured next to the top of the shears.
Secure the forward guy to the rear leg and the
after guy to the front leg, using a clove hitch in
both instances. (See fig. 6-9.)

Erecting

Several crew members are needed for safe,
efficient erection of the shears, the number being
determined largely by the size of the rig. To help
ensure good results, the erection crew should lift
the top of the frame and walk it up by hand until
the after guy tackle system takes over the load.
When this point is reached, complete the raising
of the shears into final position by hauling in on
the tackle.

Remember to secure the forward guy to its
anchorage before raising the legs, and maintain
a slight tension on the line to control the
movement. Also, after the shears has been raised,
lash the butt ends with chain, line, or boards to
keep them from spreading when a load is applied.

TRIPOD

A tripod consists of three legs of equal length
lashed together at the top. (See fig. 6-10.) The fact
that the tripod can be used only where hoisting
is vertical places it at a distinct disadvantage in
comparison with other hoisting devices. Its use
will be limited primarily to jobs that involve
hoisting over wells, mine shafts, or other
excavations. A major advantage of the tripod is
its great stability. In addition, it requires no
guys or anchorages, and its load capacity is
approximately 1 1/2 times greater than for shears
made of the same size timbers.
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Figure 6-10.—Tripod.

The legs of a tripod generally are made of
timber poles or pipes. Materials used for lashing
include fiber line, wire rope, and chain. Metal
rings joined with short chain sections are also
available for insertion over the top of the tripod
legs.

Rigging

The strength of a tripod depends largely on
the strength of the material used for lashing as
well as the amount of lashing used. The following
procedure for lashing applies to line 3 inches (75
millimeters) in circumference or smaller. For extra
heavy loads, use more turns than specified in the
procedure given here; for light loads, use fewer
turns than specified here.

As the first step of the procedure, take three
spars of equal length and place a mark near the
top of each to indicate the center of the lashing.
Now, lay two of the spars parallel, with their
TOPS resting on a skid (or block). Place the third
spar between the two with the BUTT end resting
on a skid. Position the spars so that the lashing
marks on all three are in line. Leave an interval
between the spars equal to about one half of the



diameter of the spars. This will keep the lashing means other than hand power is available for
from being drawn too tight when the tripod is erection.
erected.

With the 3-inch (75-millimeter) line, make a
clove hitch around one of the outside spars; put
it about 4 inches (10 centimeters) above the lashing
mark. Then make eight or nine turns with the line
around all three spars. (See view A, fig. 6-11.) In
making the turns, remember to maintain the
proper amount of space between the spars.

Now, make one or two close frapping turns
around the lashing between each pair of spars.
Do not draw the turns too tight. Finally, secure
the end of the line with a clove hitch on the center
spar just above the lashing, as shown in view A,
figure 6-11.

There is another method of lashing a tripod
that you may find preferable to the method just
given. It may be used in lashing slender poles up
to 20 feet (6 meters) in length, or when some

Figure 6-11.—Lashing for a tripod.

First, place the three spars parallel to each
other, leaving an interval between them slightly
greater than twice the diameter of the line to be
used. Rest the tip of each pole on a skid so that
the end projects about 2 feet (60 centimeters) over
the skid. Then, line up the butts of the three spars,
as shown in view B, figure 6-11.

Next, make a clove hitch on one outside leg
at the bottom of the position the lashing will
occupy, which is about 2 feet (60 centimeters)
from the end. Now, proceed to weave the line over
the middle leg, under and around the other outside
leg, under the middle leg, over and around the
first leg, and so forth, until completing about eight
or nine turns. Finish the lashing by forming a
clove hitch on the other outside leg, as shown in
view B, figure 6-11.

Erecting

In the final position of an erected tripod, it
is important that the legs be spread an equal
distance apart. The spread between legs must be
not more than two thirds, nor less than one half,
the length of a leg. Small tripods, or those lashed
according to the first procedure given in the
preceding section, may be raised by hand. Here
are the main steps that make up the hand-erection
procedure.

Start by raising the top ends of the three legs
about 4 feet (1.2 meters), keeping the butt ends
of the legs on the ground. Now, cross the tops
of the two outer legs, and position the top of the
third or center leg so that it rests on top of the
cross.

A sling for the hoisting tackle can be attached
readily by first passing the sling over the center
leg, and then around the two outer legs at the
cross. Place the hook of the upper block of the
tackle on the sling, and secure the hook by
mousing.

The raising operation can now be completed.
To raise an ordinary tripod, a crew of about eight
members may be required. As the tripod is being
lifted, spread the legs so that when it is in the
upright position, the legs will be spread the proper
distance apart. After getting the tripod in its final
position, lash the legs near the bottom with line
or chain to keep them from shifting. (See fig.
6-10.)
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Where desirable, a leading block for the
hauling part of the tackle may be lashed to one
of the tripod legs, as shown in figure 6-10.

In erecting a large tripod, you may need a
small gin pole to aid in raising the tripod into
position. When you are called on to assist in the
erection of a tripod lashed according to the first
lashing procedure described in the preceding
section, the first thing to do is to raise the tops
of the legs far enough from the ground to permit
spreading them apart. Use guys or tag lines to help
hold the legs steady while they are being raised.
Now, with the legs clear of the ground, cross the
two outer legs and place the center leg so that it
rests on top of the cross. Then, attach the sling
for the hoisting tackle. Here, as with a small
tripod, simply pass the sling over the center leg
and then around the two outer legs at the cross.

BOOM DERRICK

The BOOM DERRICK consists of a mast with
a boom attached, as shown in figure 6-12. It may
be used to move weight in any direction. You will
find the boom derrick useful for loading and
unloading trucks and flatcars when the base of
weight-lifting equipment cannot be set close to the
objects to be lifted. It is also used to advantage
on docks and piers for unloading boats and
barges.

For medium loads, the boom may be rigged
to swing independently of the mast, as shown in
figure 6-12. For heavy loads, the boom may be
set on a turnplate or turn wheel and it and the
mast rigged to swing as a unit. On more
permanent installations, it is good practice to rig
the mast separately and to strap another pole or

Figure 6-12.—Boom derrick.
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mast to it. In such a case, one mast is fixed; the
boom is rigged to the other mast, which is set on
a turnplate. This provides rigid guying with a
swing of more than 180° on the boom.

In case the proper size of line is not available,
a set of tackle reeved with the same size line as
that used in the hoisting tackle may be used as
a guy by extending the tackle from the top of the
derrick to the anchorage. See that the block
attached to the derrick is lashed at that point
where the other guys are tied and in the same
manner.

Rigging

In fieldwork, you may be called on frequently
to assist in rigging a boom derrick. For medium
loads, follow the rigging procedure given below.

The first step is to rig a mast and lash the
tackle on, which is used as the topping lift. If the
hauling part of the topping lift tackle comes from
the movable block, lash a fairlead block to the
mast 2 or 3 feet (60 or 90 centimeters) below the
topping lift lashing.

POLE DERRICK

For your boom, select a pole, timber, steel
pipe, beam, or laminated plank of the same
diameter as the mast, but only about two thirds
of its length. Attach two cleats to the butt end
of the boom and lash them with small stuff to
form a fork, as shown in figure 6-12. This fork
is to keep the boom from getting away from the
mast while a load is being moved from side to side.
Use cleats long enough to extend from the butt
end of the boom past the mast. About 4 feet (1.2
meters) above the point where the boom meets
the mast, attach two cleats into the mast, and
place a lashing of at least four turns of small stuff
above the cleats, keeping two ends free.

Using a sling attached to the topping lift, raise
the butt end of the boom as high as you want it.
With the free ends from the lashing on the mast,
make a sling to support the butt end of the boom.

Lash the movable block of the topping lift to
the top end of the boom, and lash the fixed block
of the boom tackle at the same point. The boom
tackle is reeved so that the hauling part comes
from the fixed block and passes through a fairlead
block lashed at the base of the mast.

Erecting

Raise the boom into position after the above
rigging is completed. When working with heavy

loads, see that the base of the boom rests on the
ground at the foot of the pole. When working
with light loads, you may use a more horizontal
position, thus providing a greater radius. In no
case should the boom bear against any part of the
upper two thirds of the mast.

To swing the boom, push directly on the load
or pull the load with bridle lines or tag lines. The
angle of the boom to the mast is adjusted by
hauling on the hauling part of the topping lift.
The load is raised or lowered by the hauling
part of the boom tackle. A fairlead block
(snatch block) is usually placed at the base
of the mast. The hauling part of the boom tackle
is led through this fairlead block to a hand- or
power-operated winch for the actual hoisting of
the load.

Various types of light-hoisting equipment are
sometimes used on construction projects. A
typical example is the POLE DERRICK, also
known as a DUTCHMAN, shown in figure 6-13.
This device is often powered by means of a hand-
operated or engine-driven winch. It can be set up
readily in the field and moved about from job to
job.

Figure 6-13.—Pole derrick, or Dutchman.
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The pole derrick is essentially a gin pole
constructed with a sill and with knee braces at the
bottom. Also, guys usually are installed fore and
aft. The pole derrick is suitable for lifting loads
of 1 or 2 tons (0.9 or 1.8 metric tons). Since it
is light in weight and has few guys, the device can
be moved readily from place to place by a small
crew.

OTHER HOISTING EQUIPMENT

The two sources of power you will use in
hoisting are your work force and machine power.
Of the two, machine power is more uniform. On
a single vertical line, a crew member of average
weight can pull with a force of 100 pounds (45
kilograms), while on a single horizontal line, the
same crew member can pull with a force of only
60 pounds (27 kilograms). When you get several
crew members on a single line, there is no way
to measure the actual strength each crew member
puts into the combined pull. When you have to
use a lot of crew members, you will not be able
to get enough personnel on a vertical line because
of limited space. In this case, you should change
the line to a horizontal pull by using a snatch
block as a fairlead.

Machine power is much more predictable. In
fact, all cranes have lift tables that show you their
lifting capacities on the basis of a single-line pull.
The power from winches and other hoists is also
figured on a single-line pull.

As you already know, you can change your
advantage by reeving different types of purchases.
Always make the mechanical advantage fit
your source of power. With some purchases,
you have the extra feature of being able to
increase mechanical advantage without increasing
friction loss. A good example of this is the luff
upon luff, which has twice the mechanical
advantage of a threefold purchase, while the
friction loss of 60 percent is the same with both.
Because the friction loss remains the same on a
luff upon luff, the use of it saves wear and tear
on equipment.

CHAIN HOISTS

Chain hoists provide a convenient means for
hoisting heavy objects. When a chain is used, the

load can remain stationary without requiring
attention. The slow lifting travel of a chain hoist
is also advantageous in that it permits small
movements, accurate adjustments of height, and
cautious handling of loads.

Chain hoists differ widely in their mechanical
advantage, depending upon their rated capacity.
The mechanical advantage may vary from 5 to
250; that is, the ratio 5:1 to 250:1. Two types of
chain hoists generally used for vertical hoisting
operations are the spur gear hoist and the
differential chain hoist.

The SPUR GEAR HOIST (fig. 6-14) is best
for ordinary operations that require frequent use
of a hoist and that have a minimum number of
crew members available to operate it. The spur
gear hoist is about 85-percent efficient. In other
words, about 85 percent of the energy exerted by
the operator is converted into useful work for
lifting the load. The remaining 15 percent of the
energy is spent in overcoming friction in the gears,
bearings, chains, and so on.

Figure 6-14.—Spur gear hoist.
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The DIFFERENTIAL CHAIN HOIST (fig.
6-15) is suitable for light loads and in situations
in which only occasional use of the hoist is
involved. This hoist is only about 35-percent
efficient.

A ratchet-handle pull hoist, commonly called
a COME-ALONG, can be obtained and will
prove beneficial for making short, horizontal pulls
on heavy objects. A typical come-along, having
a rated capacity of 1 1/2 tons, is shown in figure
6-16. You will find the come-along to be one of
the most useful hoisting devices available. The
chain will not foul up because it is flexible and
cannot kink. The chain is kept in place in the
sheave by a hardened steel-load chain guide.

The load capacity of a chain hoist usually is
stamped on the shell of the upper block. The rated
load capacity of hoists runs from 1/2 ton (0.45
metric tons) upward to 40 tons (36 metric tons).

The lower hook is usually the weakest part in
the assembly of a chain hoist. This is intended as
a safety measure so that the hook will start to

Figure 6-16.—Come-along.

spread open if overloaded. Spreading in a hook
is a signal to the operator, warning that the chain
hoist is nearing the overload point. Thus, close
observance on the part of the operator is necessary
to detect any sign of overloading in time to
prevent damage to the chain hoist. Under ordinary
circumstances, pull exerted on a chain hoist by
one or two crew members in NOT enough to
overload the hoist.

Figure 6-15.—Differential chain hoist.

Frequent inspection of chain hoists is
necessary to ensure safe operation. A hook that
shows signs of spreading or excessive wear should
be replaced. If links in the chain are distorted,
the chain hoist has probably been overloaded. In
such a case, see that the chain hoist is condemned
and removed from service immediately.

WINCHES

Winches are frequently used as a source of
power for operating hoisting rigs, particularly gin
poles, heavy-duty derricks, and light-hoisting
equipment, such as pole derricks. A WINCH,
generally speaking, is a device having one or more
drums on which fiber line or wire rope is wound.
Winches are used for hoisting or hauling of
materials or objects. Both hand-operated and
engine-driven winches of various types are
available.

6-12



A single-drum, hand-operated winch similar
to the one shown in figure 6-17 is suitable for
lifting light loads. Single-drum hand winches are
available in various capacities, including capacities
of 2, 5, 6, and 15 tons (1.8, 4.5, 5.4, 12.5 metric
tons).

Hand-operated winches are generally mounted
near the foot of the rig, where they can be
operated efficiently. Notice the location of the
winch on the pole derrick shown in figure 6-13.

In hoisting and moving heavy objects in the
field, engine-driven winches may be used with
tackle. Vehicular-mounted winches are also
widely used (fig. 6-18). Sources of power for
power-driven winches include diesel, gasoline,
compressed air, or steam engines as well as electric
motors. When vehicular-mounted winches are
used, the vehicle should be placed so that the
operator can keep a close watch over the load
during hoisting.

When setting up a power-driven winch to
operate hoisting equipment, make sure you give
careful consideration to these two factors: (1) the
angle with the ground that the hoisting line makes
at the drum of the hoist and (2) the fleet angle
of the hoisting line winding on the drum.

In considering the ground angle, remember
that if the hoisting line leaves the drum at an angle
upward from the ground, the resulting pull on the
winch will tend to lift it clear of the ground. In
this case, a leading block should be placed in the
system at some distance from the drum to change
the direction of the hoisting line to a horizontal
or downward pull. The hoisting line has to be
overwound or underwound on the drum, as may
be necessary, to prevent a reverse bend.

As for the fleet angle, bear in mind that the
distance from the drum to the first sheave of the
system is the controlling factor. Place the drum
of the winch so that a line from the last block

Figure 6-17.—Single-drum hand winch.

Figure 6-18.—Using a vehicular winch for hoisting.

passing through the center of the drum is at
right angles to the axis of the drum. The
angle between this line and the hoisting line as it
winds on the drum is referred to as the FLEET
ANGLE.

As the hoisting line is wound in on the drum,
it moves from one flange to the other, causing
the fleet angle to change during the hoisting
process. See that the fleet angle does NOT exceed
2°; and, where possible, keep it below this. A
1 1/2° maximum angle is satisfactory and will be
obtained if the distance from the drum to the first
sheave is 40 inches (100 centimeters) for each inch
(2.5 centimeters) from the center of the drum to
the flange. The wider the drum of the hoist, the
greater the lead distance has to be when the winch
is placed.

Most winches, even those made by the same
manufacturer, differ from each other in their
operation. If you are not familiar with the
operation of a winch to be used on a job,
study the operating procedure described in
the manufacturer’s manual beforehand. The
fundamentals of winch operation must be under-
stood to ensure safe, efficient handling of
materials. The use of hand signals in giving
directions to operators of winches is especially
important to the safety of both the crew member
and the material being hoisted.

CRANES

The crane is one of the most useful pieces of
construction equipment. It is also one of the most
versatile. For instance, by rigging the crane
chassis with a boom and lifting hook, you
have an excellent device for lifting and moving
heavy materials, machinery, and other objects.
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(See fig. 6-19.) The capacity of the crane for lifting
depends on the boom length and angle. The
capacity will be noted inside the cab of the crane,
and this capacity should NOT be exceeded. You
will not be required to operate the crane; that is
the job of the Equipment Operator. But there are
other important jobs, such as that of hook-on
man or signalman, and you have to be able to
handle either of these.

FIBER LINE

Fiber line is made from either natural or
synthetic fiber. Natural fibers, which come from
plants, include manila, sisal, and hemp. The
synthetic fibers include nylon, polyester, and
polypropylene.

SYNTHETIC-FIBER ROPES

Synthetic-fiber ropes, such as nylon and
polyester, have rapidly gained wide use by the
Navy. They are lighter in weight, more flexible,
less bulky, and easier to handle and store than
manila lines are. They are also highly resistant to
mildew, rot, and fungus. Synthetic ropes are
stronger than natural-fiber rope. For example,

Figure 6-19.—Crane rigged with boom and lifting hook.

nylon is about three times stronger than manila.
When nylon line is wet or frozen, the loss of
strength is relatively small. Nylon rope will hold
a load even though several strands may be frayed.
Ordinarily, the line can be made reusable by
cutting away the chafed or frayed section and
splicing the good line together.

SIZE DESIGNATION

Line that is 1 3/4 inches or less in circum-
ference is called SMALL STUFF, and the size is
usually designated by the number of THREADS
(or yarns) that make up each strand. You may
use from 6- to 24-thread strands, but the most
commonly used are 9- to 21-thread strands
(fig. 6-20). You may hear some small stuff
designated by name without reference to size.
One such type is MARLINE, a tarred, two-strand,
left-laid hemp. Marline is the small stuff you
will use most for seizings. When you need
something stronger than marline, you will use a
tarred, three-strand, left-laid hemp called
HOUSELINE.

Line larger than 1 3/4 inches in circumference
is generally designated as to size by its
circumference in inches. A 6-inch manila line, for
instance, would be constructed of manila fibers
and measure 6 inches in circumference. Line is
available in sizes ranging up to 16 inches in
circumference, but 12 inches is about the largest
carried in stock. Anything larger is used only on
special jobs. (See fig. 6-20.)
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If you should be tasked to order line, you may
find that in the catalogs it is designated and
ordered by diameter. The catalog may also use
the term rope (rather than line).

ROPE YARNS for temporary seizings,
whippings, and lashings are pulled from large
strands of old line that has outlived its usefulness.
Pull your yarn from the middle, away from the
ends, or it will get fouled.

STRENGTH OF FIBER LINE

Overloading a line poses a serious threat to
the safety of personnel, not to mention the heavy
losses likely to result through damage to material.
To avoid overloading, you must know the strength
of the line with which you are working. This
involves three factors: breaking strength, safe
working load, and safety factor.

BREAKING STRENGTH refers to the
tension at which the line will part when a load is
applied. Breaking strength has been determined
through tests made by rope manufacturers, and
tables have been set up to provide this
information. In the absence of manufacturers’
tables, a rule of thumb for finding the breaking
strength of manila line is as follows:

C2 × 900 = BS

In the rule, C equals the circumference in inches,
and BS equals the breaking strength in pounds.
To find BS, square the circumference and then
multiply the figure obtained by 900. With a 3-inch
line, for example, you will get a BS of 8,100
pounds, figuring as follows:

3 × 3 × 900 = 8,100 lb

The breaking strength of manila line is higher
than that of sisal line. This is caused by the
difference in strength of the two fibers. The fiber
from which a particular line is constructed has a
definite bearing on its breaking strength.

The breaking strength of nylon line is almost
three times that of manila line of the same size.
The best rule of thumb for the breaking strength
of nylon is as follows:

BS = C2 × 2400

for fiber line.
The symbols in the rule are the same as those

For 2 1/2-inch nylon line,

BS = 2.5 × 2.5 × 2,400 = 15,000 lb

SAFE WORKING LOAD

Briefly defined, the “safe working load”
(SWL) of a line is the load that can be applied
without causing any kind of damage to the line.
Note that the safe working load is considerably
less than the breaking strength. A wide margin
of difference between breaking strength and safe
working load is necessary to allow for such factors
as additional strain imposed on the line by jerky
movements in hoisting or bending over sheaves
in a pulley block.

You may not always have a chart available to
tell you the safe working load for a particular size
line-so what do you do then? Fortunately, there
is a rule of thumb that will adequately serve your
needs on such an occasion.

SWL = C2 × 150

Where SWL equals the safe working load in
pounds and C equals the circumference of the line
in inches, you simply take the circumference of
the line, square it, and then multiply by 150. For
a 3-inch line, here is how the rule works.

3 × 3 × 150 = 1,350 lb

Thus, the safe working load of a 3-inch line is
equal to 1,350 pounds.

If the line is in good shape, add 30 percent to
the SWL determined by means of the rule; or if
it is in bad shape, subtract 30 percent from the
SWL. In the example given above for the 3-inch
line, adding 30 percent to the 1,350 lb would give
you a safe working load of 1,755 lb. On the other
hand, subtracting 30 percent from the 1,350 lb
would leave you a safe working load of 945 lb.

Remember that the strength of a line decreases
with age, use, and exposure to excessive heat,
boiling water, or sharp bends. Especially with used
line, these and other factors affecting strength
should be given careful consideration, and proper
adjustment should be made in the breaking
strength and safe working load capacity of the
line. Manufacturers of line provide tables to show
the breaking strength and safe working load
capacity of line. You will find such tables useful
in your work. You must remember, however,
that the values given in manufacturers’ tables
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apply only to new line being used under favorable
conditions. For that reason, you must pro-
gressively reduce the values given in
manufacturers’ tables as the line ages or
deteriorates with use.

The SAFETY FACTOR of a line is the ratio
between the breaking strength and the safe
working load. Usually, a safety factor of 4 is
acceptable, but this is not always the case. In other
words, the safety factor will vary, depending on
such things as the condition of the line and
circumstances under which it is to be used. While
the safety factor should NEVER be less than 3,
it often should be well above 4 (possibly as high
as 8 or 10). For best, average, or unfavorable
conditions, the safety factor indicated below may
often be suitable.

BEST conditions (new line): 4

AVERAGE conditions (line used, but in good
condition): 6

UNFAVORABLE conditions (frequently used
line, such as running rigging): 8

WIRE ROPE

During the course of a project, SEABEEs
often need to hoist or move heavy objects. Wire
rope is used for heavy-duty work. The
characteristics, construction, and usage of many
types of wire rope are discussed in the following
paragraphs. We will also discuss the safe working
load, use of attachments and fittings, and
procedures for the care and handling of wire rope.

CONSTRUCTION

Wire rope consists of three parts: wires,
strands, and core (fig. 6-21). In the manufacture
of rope, a number of WIRES are laid together
to form the STRAND. Then a number of
STRANDS are laid together around a CORE to
form the ROPE.

The basic unit of wire rope construction is the
individual wire, which may be made of steel, iron,
or other metal in various sizes. The number of
wires to a strand will vary, depending on the
purpose for which the rope is intended. Wire rope
is designated by the number of strands per rope
and the number of wires per strand. Thus, a
1/2-inch, 6 by 19 wire rope will have 6 strands
with 19 wires per strand; but it will have the

Figure 6-21.—Parts of a wire rope.

same outside diameter as a 1/2-inch, 6 by 37 wire
rope, which will have 6 strands with 37 wires of
much smaller size per strand.

Wire rope that is made up of a large number
of small wires is flexible. The small wires are,
however, easily broken, so the wire rope does not
resist external abrasion. Wire rope that is made
up of a smaller number of larger wires is more
resistant to external abrasion but is less flexible.

The CORE-the element around which the
strands are laid to form the rope-may be a hard
fiber (such as manila, hemp, plastic, paper,
asbestos, or sisal), a wire strand, or an
independent wire rope. Each type of core serves
the same basic purpose—to support the strands
laid around it.

A FIBER CORE offers the advantage of
increased flexibility. Also, it serves as a cushion
to reduce the effects of sudden strain and acts as
a reservoir for the oil to lubricate the wires and
strands to reduce friction between them. Wire
rope with a fiber core is used in places where
flexibility of the rope is important.

A WIRE STRAND CORE not only resists
heat better than a fiber core, but it also adds about
15 percent to the strength of the rope. On the
other hand, the wire strand makes the rope less
flexible than a fiber core would.

An INDEPENDENT WIRE ROPE CORE is
a separate wire rope over which the main strands
of the rope are laid. It usually consists of six 7-wire
strands laid around either a fiber core or a wire
strand core. This core strengthens the rope more,
provides support against crushing, and supplies
maximum resistance to heat.

Wire rope may be made by either of two
methods. If the strands or wires are shaped to
conform to the curvature of the finished rope
before laying up, the rope is termed preformed.

6-16



If they are not shaped before fabrication, the rope
is termed nonpreformed. When cut, preformed
wire rope tends not to unlay, and it is more
flexible than nonpreformed wire rope. With
nonpreformed wire rope, twisting produces a
stress in the wires; and, when it is cut or broken,
the stress causes the strands to unlay. In
nonpreformed wire, unlaying is rapid and almost
instantaneous, which could cause serious injury
to someone not familiar with it.

The main types of wire rope used by the Navy
have 6, 7, 12, 19, 24, or 37 wires in each strand.
Usually, the rope has six strands laid around a
fiber or steel center.

Two common types of wire rope, 6 by 19 and
6 by 37 rope, are shown in figure 6-22. The 6 by
19 type of rope, having 6 strands with 19 wires
in each strand, is commonly used for rough
hoisting and skidding work where abrasion is
likely to occur. The 6 by 37 wire rope, having 6
strands with 37 wires in each strand, is the most
flexible of the standard six-strand ropes. For that
reason, it is particularly suitable when small
sheaves and drums are to be used, such as on
cranes and similar machinery.

GRADES OF WIRE ROPE

Wire rope is made in a number of different
grades, three of which are mild plow steel, plow
steel, and improved plow steel.

MILD PLOW STEEL rope is tough and
pliable. It can stand up under repeated strain and
stress, and it has a tensile strength of 200,000 to
220,000 pounds per square inch (psi).

PLOW STEEL wire rope is unusually tough
and strong. This steel has a tensile strength
(resistance to lengthwise stress) of 220,000 to
240,000 psi. This rope is suitable for hauling,
hoisting, and logging.

IMPROVED PLOW STEEL rope is one of
the best grades of rope available, and most, if not

all, of the wire rope in your work will probably
be made of this material. It is stronger, tougher,
and more resistant to wear than either plow steel
or mild plow steel. Each square inch of improved
plow steel can stand a strain of 240,000 to 260,000
psi.

MEASURING WIRE ROPE

The size of wire rope is designated by its
diameter. The true diameter of a wire rope is
considered as being the diameter of the circle that
will just enclose all of its strands. Both the correct
and incorrect methods of measuring wire rope are
shown in figure 6-23. Note, in particular, that the
CORRECT WAY is to measure from the top of
one strand to the top of the strand directly
opposite it. The wrong way is to measure across
two strands side by side. Use calipers to take the
measurement; if calipers are not available, an
adjustable wrench will do.

To ensure an accurate measurement of the
diameter of a wire rope, always measure the rope
at three places, at least 5 feet apart. Use the
average of the three measurements as the diameter
of the rope.

SAFE WORKING LOAD

The term safe working load (SWL), as used
in reference to wire rope, means the load that can
be applied and still obtain the most efficient
service and also prolong the life of the rope. Most
manufacturers provide tables that show the safe
working load for their rope under various
conditions. In the absence of these tables, you
have to apply a thumb-rule formula to obtain the
SWL. There are rules of thumb that may be used

Figure 6-23.—Correct and incorrect methods of measuring
wire rope.Figure 6-22.—Two common types of wire rope.
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to compute the strength of wire rope. The one
recommended by the Naval Facilities Engineering
Command (NAVFAC) is as follows:

SWL (in tons) = D2 × 4

This particular formula provides an ample
safety margin to account for such variables as the
number, size, and location of sheaves and drums
on which the rope runs, and such dynamic stresses
as the speed of operation and the acceleration and
deceleration of the load, all of which can affect
the endurance and breaking strength of the rope.

In the above formula, D represents the
diameter of the rope in inches. Suppose you want
to find the SWL of a 2-inch rope. Using the
formula above, your figures would be as follows:

SWL = (2)2 × 4

SWL = 4 × 4 = 16

The answer is 16, meaning that the rope has
an SWL of 16 tons.

It is important to remember that any formula
for determining SWL is only a rule of thumb.
In computing the SWL of old rope, worn rope,
or rope that is otherwise in poor condition, you
should reduce the SWL as much as 50 percent,
depending on the condition of the rope.

The manufacturer’s data concerning the
breaking strength (BS) of wire rope should be used
if available. But if you do not have that
information, one rule of thumb recommended is
as follows:

BS = C2 × 8,000 lb

As you know, wire rope is measured by the
diameter (D). To obtain the circumference (C)
required in the formula, multiply D by pi (π),
which is approximately 3.1416. Thus, the formula
to find the circumference is C = Dπ.
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CHAPTER 7

ALARM SYSTEMS

Many buildings and complexes being
constructed today are equipped with some type
of intrusion detection and fire alarm systems.
You, as a Construction Electrician, will be
challenged to install, troubleshoot, and maintain
these systems. Numerous detection and fire alarm
systems are in existence today. In this chapter, we
will discuss the function and operation of a
typical detection system and of various fire
alarm systems. When you are in charge of the
installation or maintenance of either a detection
or a fire alarm system, you should acquire
reference material, such as manufacturer’s
literature. If such material is unattainable, look
at NAVFAC MO-117, Maintenance of Fire
Protection Systems, which provides an excellent
description of several fire alarm systems. Design
Manual 13.02, Commercial Intrusion Detection
Systems (IDS), provides descriptions of various
intrusion detection systems.

The purpose of any alarm system is to either
protect life or property or to detect an intrusion.
Alarm systems are set up to (1) give early warning
so occupants may evacuate the building and (2)
notify the fire department and/or security soon
enough that they have time to react.

TYPES OF FIRE ALARM SYSTEMS

Building alarm systems may be local or local
with base alarm system connections. They may
be coded or noncoded and may operate either on
line-voltage or low-voltage electric power. Their
characteristics are described in the following
paragraphs.

NONCODED ALARM SYSTEMS

A noncoded alarm system has one or more
alarm-indicating appliances to alert the building
occupants of a fire but does not tell the
location or the type of device that has been

activated (manual alarm or automatic protection
equipment). The audible and/or visual alarm
appliances operate continuously until they are
turned off, until a predetermined time has passed,
or until the system is restored to normal.
The location or type of device originating the
alarm condition can be determined by using an
annunciator system. An annunciator is a visual-
indicating device that will be discussed later in this
chapter.

CODED ALARM SYSTEMS

A coded alarm system has audible and/or
visual alarm signals with distinctive pulsing or
coding to alert occupants to a fire condition and
to the location or type of device that originated
the alarm. Coding the audible appliances may help
personnel to distinguish the fire alarm signal from
other audible signals. Clear and early recognition
of the signal should encourage a more orderly and
disciplined evacuation of the building. A common
characteristic of coded alarm systems, especially
of selective coded and multiplex coded systems,
is that the coded alarm identification provided
by the audible alarm signals is not repeated
continuously. Normally, after four complete
repetitions of the coded signal, the coding
process ends.

THEORY OF OPERATION

In the event of a fire, a certain sequence of
events has to occur for any alarm system to be
effective. First, the fire has to be detected. This
can be done by any of the following means:
visually and by operation of a manual pull box,
heat detectors, water pressure/flow switches,
flame-actuated detectors, or smoke detectors. Any
of these devices will initiate a signal to the fire
alarm control unit, which is powered by a reliable
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power supply. (See fig. 7-1.) Second, the control
unit accepts the signals from the initiating circuits
and, through relays or other circuitry, provides
the power to operate the indicated devices. These
alarm devices may include, but are not limited
to, horns, bells, chimes, flashing lights, or
annunciators. Finally, operation of the alarm will
alert personnel to evacuate and assist fire-fighting
personnel in locating the fire, thus protecting life
and property.

In the following paragraphs, we will discuss
the principle of operation of the associated
equipment that makes up an alarm system.

EQUIPMENT DESCRIPTION

Figure 7-1 shows how the basic parts of a
local fire alarm system are interconnected.
The devices in the diagram are grouped for
convenience in labeling. Physical location and
zoning of devices vary for different applications,
and many systems do not have all the devices
shown.

POWER SUPPLIES

Fire alarm systems are in two general cate-
gories, as determined by the voltage at which the
systems operate: line voltage or low voltage.
Regardless of the operating voltage, a system may
be noncoded or coded.

Many older local alarm systems are powered
by alternating current (ac) power only with
no provision for standby battery power. In
these cases, two separate ac circuits (usually
120/240 Vac) are used: one to power the
fire alarm system operating circuits and
another to power the trouble-signaling cir-
cuits of the system. Low-voltage alarm systems,
especially those provided with battery standby
power, are most often found where some
form of automatic fire detection or automatic
fire extinguishing is connected to the alarm
system. However, recent conversion by most
alarm system manufacturers to solid-state
electronic design, which is essentially a low-voltage
direct-current (dc) technology, means that
most recent installations are of the low-voltage
type.

Figure 7-1.—Local fire alarm system diagram.
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System Power Supply

Power supply refers to the circuitry and
components used to convert the ac line voltage
to low-voltage ac or dc for operating the alarm
system and for charging standby batteries.
If the system is an older one with a dry cell,
nonrechargeable standby battery (no longer
permitted by NFPA standards), the power supply
probably contains a switching arrangement for
connecting the battery to the system when ac
power fails. Figure 7-2 is a simplified diagram
of a typical dc power supply for powering a
low-voltage dc alarm system and for charging a
rechargeable standby battery.

Transformer T drops the line voltage from 120
volts ac to a voltage in the range of 12 to 48 volts
ac. The low ac voltage is rectified by diode bridge
D, and the resulting dc voltage powers the alarm
system through relay contacts S1 and charges
battery B through the current limiting resistor R.
When normal ac power is available, energizing
relay coil S, contacts S1 are closed. If ac power
fails, S1 opens and S2 closes, connecting the

battery to the alarm system. Fuse F1 protects
against a defect in the power supply or the alarm
system during normal ac operation. Fuse F2
protects against alarm circuit defects that would
cause a battery overload during dc-powered
operation. Removal of resistor R eliminates the
battery-charging feature and allows the use of a
dry cell battery, which sits idle until ac power fails.
At that time, S1 opens and S2 closes, connecting
the battery to the alarm system.

There are many variations of this basic power
supply design. These variations add such features
as voltage regulation, current limiting, and
automatic high-rate/low-rate charging, controlled
by the state of battery charge. All designs
normally provide current and voltage meters, pilot
lamps, and switches for manual control of
charging rate.

Smoke Detector Power Supply

When smoke detectors are used in an alarm
system, their internal electronic circuits are usually
powered from the main fire alarm power supply.

Figure 7-2.—Typical dc power supply and battery charger.
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Some types of smoke detectors have a more strict
power supply requirement than other parts of the
fire alarm system, especially with regard to purity
of the dc voltage level. The power supply of
those smoke detectors must have output voltage
regulation and filtering not otherwise required by
the fire alarm system. In those cases, the basic
power supply may be upgraded to power the
smoke detectors as well as the control unit, or a
separate smoke detector power supply may be
used in addition to the basic supply. In either case,
if the system has battery standby, it is usually
common to both power supplies.

CONTROL UNIT

The fire alarm control unit provides termina-
tion points for all initiating circuits, indicating
circuits, remote annunciators, and other auxiliary
devices. The control unit accepts low current
signals from the alarm-initiating circuits and,
through relays or other circuitry, provides the
larger current required to operate the alarm-
indicating devices and/or auxiliary devices. The
control unit also continuously monitors the
condition of the alarm initiating and indicating
circuit wiring and provides a trouble indication
in the event of an abnormal condition in the
system, such as an ac power failure or a wiring
failure.

The control unit is usually housed in a sheet
metal cabinet (fig. 7-3). The control unit usually
provides annunciation of signals (telling where a
signal originates).

Because all circuits end at the control unit, it
is a convenient test location. Test switches (if
provided) are usually inside the locked door of
the control unit. If the switches are key operated,
they may be on the control unit cover rather than
inside the cabinet.

Local Alarm Signaling

Because of the critical nature of fire alarm
systems, a feature known as “electrical super-
vision” has been designed into these systems.
Alarm systems must be in service at all times;
electrical supervision causes a warning (trouble)
signal if some potential or actual electrical
problem exists in the alarm system. This trouble
signal is clearly distinguishable from a fire

Figure 7-3.—Control unit with annunciation.

alarm signal. Figure 7-4 shows a typical local
alarm signaling circuit using electrical super-
vision.

A continuous small electrical current, supplied
by the fire alarm control panel, flows through the
series loop formed by one side of the initiating
circuit, the end-of-line resistor, and the other side
of the initiating circuit as indicated by the arrow.
The fire alarm control panel reacts to this constant
low current as a no-alarm or normal condition.

Under normal conditions, the alarm and
trouble relay coils have the same low value of
supervisory current flow. This value is inadequate
to close the normally open contacts of the alarm
relay. The trouble relay, being more sensitive, is
energized by the supervisory current, and the
normally closed contacts (TR1) are held open. If
the supervisory current drops to zero because of
a broken wire anywhere in the initiating circuit,
the trouble relay is de-energized, and the TR1
contacts close, causing an audible and visual
trouble signal. Also, the portion of the circuit
beyond the broken wire will not operate in the
event of an alarm.

If no wires are broken, closing the contacts
of an initiating device provides a low-resistance
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current path, short-circuiting the end-of-line
resistor and increasing the alarm relay coil current.
The alarm relay is energized, causing its contacts
(AR1) to close and the alarm bells to ring.
Continued fire alarm operation with a broken wire
depends upon the location of the break and which
initiating device is actuated.

Remote Alarm Signaling

Because of excitement, a lack of knowledge,
or a lack or responsible personnel on the premises,

people frequently do not react properly to a local
fire alarm signal. Therefore, it is usually desirable
to connect building alarm systems to a remote
receiving station manned at all times by competent
personnel who can take the proper action-to
extinguish the fire and evacuate the building if
necessary or to see that necessary maintenance is
completed. Most fire alarm and supervisory alarm
control panels have provision for connection to
a remote receiving station. These connections
are usually in the form of auxiliary relay
contacts that can be connected to operate an alarm
transmitter.

Figure 7-4.—Typical local alarm signaling circuit.
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Figure 7-5 shows a typical remote alarm
signaling circuit, a commonly used arrangement
for fire department connection to individual
building alarm systems. The alarm transmitter can
either be a part of the fire alarm control cabinet
or be operated by it.

If, instead of a fire condition occurring, one
of the two telephone wires is broken, the
supervising current supplied by the transmitter will
drop to zero, closing the receiver module relay
contacts, lighting the lamp, and sounding the
buzzer. The meter indication will be zero, marked
on the meter face as “T” (trouble).

If a telephone wire is broken before an alarm
condition occurs, the voltage will be reversed by
the alarm transmitter, but the “no current”
condition at the alarm receiver will not be
changed, and no alarm will be caused. The trouble
condition will continue until the broken wire is
repaired.

In the circuit shown in figure 7-5, if an alarm
condition occurs, the transmitter contacts
transfer, reversing voltage and current polarity of
the telephone line pair. The meter in the receiver
module changes indication from N (normal) to
A (alarm). Current flow through the receiver
module relay is blocked by diode D1, and the
receiver module relay contacts close, lighting the
lamp and sounding the buzzer. The current for

meter alarm indication flows through the meter
and diode D2.

Auxiliary Devices

A building alarm system control unit may have
auxiliary contacts that operate auxiliary functions
when an alarm occurs. For auxiliary devices, the
power source can be either the main fire alarm
power supply or line power, if battery standby
power is not required for the auxiliary functions.
A failure of auxiliary functions should not
adversely affect the primary function of the alarm
system, which is to warn the occupants of a threat
of fire.

One auxiliary function included in the
majority of fire alarm systems today is the
heating, ventilation, and air conditioning (HVAC)
fan shutdown. Auxiliary contacts are connected
into the motor starter circuit for each fan that is
to be shut down upon alarm.

It may be more convenient to use an alarm
voltage output from the control unit to cause fan
shutdown. A relay with multiple contacts (a
multipole relay) for controlling multiple fans is
located near the motor control center or the
temperature control panel. The relay coil is
energized by alarm voltage from the alarm control
unit, causing contacts to open in the individual

Figure 7-5.—Typical remote alarm signaling circuit.
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fan control circuits, thereby stopping all the or a manual fire alarm. A manual fire alarm
fans. system may include many initiating devices.

Other auxiliary devices controlled by the alarm
system can perform the following functions: fire
door closure, ventilation louver closure, and/or
release of extinguishing agent. Consult the
manufacturer’s literature and/or base blueprints
to determine the options included in your fire
alarm system.

ALARM-INITIATING DEVICES

An alarm device initiates a fire alarm signal
either as a result of manual operation, such as a
manual fire alarm station, or automatically, as
in the case of heat, smoke, flame, or water-flow
detectors. Initiating devices, with rare exceptions,
have normally open contacts that close on an
alarm condition.

Normally closed devices are intended only for
such applications as operating the shutdown
control for fans or other auxiliary devices.

Manual Fire Station

Figure 7-6 shows a manual fire station, which
is also called a manual pull box, a manual firebox,

Figure 7-6.—Manual pull box.

The manual fire alarm devices are to provide
a means of manually activating the fire alarm
system. They are used in all types of fire alarm
systems. They may be the only type of initiating
devices provided or they may be used with
automatic initiating devices, such as heat or smoke
detectors.

Manual fire stations are generally located near
main exits from a building or from a floor of a
multistory building and in certain work areas
containing unusual fire hazards, valuable
equipment, or records subject to fire damage.
Paint shops, aircraft repair areas, computer
rooms, and telephone equipment rooms are
examples of such work areas.

Single-action and double-action devices are
both used. The single-action device requires one
action to cause an alarm, and a replaceable glass
rod is broken with each operation. The double-
action device requires two actions to cause an
alarm: first, the glass window is broken; second,
the alarm lever is pulled. The glass elements in
these two examples are necessary parts to retain
all the design features. Both devices can be tested
without breaking the glass parts by opening the
device. To open a manual fire alarm box, you may
have to loosen a setscrew or operate a latch
with a hexagonal (allen) wrench, screwdriver, or
key.

Manual initiating devices should be visually
inspected monthly for physical damage, such as
that caused by vandalism or painting. At this time,
count the devices to be sure that none have been
concealed or removed. Correct deficiencies
promptly. Test repaired units by mechanical
operation and transmission of local and remote
signals without glass breakage. Be sure to inform
building and fire department personnel that the
test is to be performed.

Test all manual devices on a rotation schedule
so that all devices are tested semiannually. Some
devices should be tested each month, at least one
from each initiating circuit (zone) or remote
signaling circuit, in the case of coded fire alarm
boxes. Keep accurate records of devices tested,
their locations, and the rotation scheme. Store a
copy of building system diagrams and test records
in the control unit.
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Figure 7-7.—Low-profile heat protector.

Heat Detectors

Heat detectors are probably the most widely
used initiating device for general-purpose
automatic fire alarm systems. Some common
types of heat detectors are discussed below.

SPOT TYPE OF FIXED-TEMPERATURE
DETECTORS.—Fixed-temperature heat
detectors that are categorized as spot type have
a detecting element or elements that respond to
temperature conditions at a single point or in a
small area.

These detectors are shown in figures 7-7 and
7-8. Other fixed-temperature detectors are
manufactured in the style shown in figure 7-9. The

Figure 7-8.—Replaceable-element fixed-temperature heat
detector.

Figure 7-9.—Combination fixed-temperature/rate-of-rise
heat detector.

spot type of fixed-temperature detectors is used
mainly in unattended spaces to detect smoldering
fires that increase the temperature of a detector
above its design value, usually 135°F to 145°F or
185° to 200°F. The higher temperature devices are
used in spaces that may reach higher temperatures
under ordinary conditions, such as boiler rooms,
attics, or cooking areas.

The device usually is actuated by the melting
or fusing of an element made of a fusible metal
alloy. Actuated devices usually can be detected
by visual examination.

In the devices shown in figures 7-7 and 7-8,
the smaller diameter part in the center drops away.
In figure 7-9, the dimple becomes a hole when the
detector operates.

Fixed-temperature devices are often designed
for one-time operation, and the whole device
(figs. 7-7 and 7-9) or the element (fig. 7-8) needs
to be replaced.

RATE-COMPENSATED DETECTORS.—
This type of detector is shown in figure 7-10. For
low rates of temperature change (up to 5°F per
minute), rate-compensated detectors operate like
fixed-temperature detectors. For higher rates of
temperature change, the detector anticipates the
rise in temperature to its set point and operates
faster than the usual fixed-temperature detector.
It automatically resets and is reusable when the
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Figure 7-10.—Rate-compensated heat detector.

temperature drops below its design value. There
is no difference in external appearance between
an actuated device and an unactuated device;
therefore, its status must be checked electrically.

RATE-OF-RISE DETECTORS.—These
detectors are found in the styles shown in figures
7-7 and 7-9. Rate-of-rise detectors cause an alarm
whenever the rate of temperature rise exceeds
about 15°F per minute. Heating causes an increase
in air pressure inside the detector. A slow increase
in pressure bleeds off through a breather valve,
while a fast increase operates a bellows type of
diaphragm, which operates the alarm contact,
causing a signal. The detectors automatically reset
after actuation and are reusable. Actuation is not
visually indicated.

COMBINATION DETECTORS.—These
detectors are found in the styles of figures 7-7 and
7-9. The combination detectors contain both
fixed-temperature and rate-of-rise elements. If
either element actuates, an alarm results. The
fixed-temperature element is visible and actuates
only once. If the fixed-temperature element
actuates, the whole device must be replaced. The
rate-of-rise element automatically resets and is
reusable.

TESTING HEAT DETECTORS.—Test heat
detectors semiannually on a rotation schedule to
ensure that all devices will be tested over a 5-year
period. During the semiannual tests, select at least
one detector from each initiating circuit (zone) for

testing. Nonreusable detectors with replaceable
elements can be tested by removing and rein-
stalling the element. Test and replace all non-
reusable detectors in a 5-year period. The testing
provides training opportunities and improves the
alarm system reliability.

Keep accurate records of devices tested, their
locations, and the rotation scheme so no devices
are overlooked and so that other personnel can
do the testing.

The spot type of heat-actuated detectors can
be tested using various sources of heat. If the
detector is located in a hazardous area that may
contain explosive fumes or other highly
flammable materials, use an explosionproof lamp.
For nonhazardous areas, the heat source may be
an infrared lamp, a hair dryer, or a hot-air gun.
Be careful to avoid heat or smoke damage to
reusable detectors and to the surroundings.

To test combination detectors that have a
nonreuseable fixed-temperature element, test both
the rate-of-rise and fixed-temperature features.
First, use a higher heat level for a short
period and direct it away from the fusible
fixed-temperature element, if possible, to actuate
only the rate-of-rise element. When an alarm
occurs, allow cooling; reset; and then apply more
gradual heat to actuate the fixed-temperature
element.

Smoke Detectors

Smoke detectors are faster acting than heat
detectors. They are frequently used in fast-acting
automatic fire detection systems that incorporate
an extinguishing agent release function to protect
high value or highly combustible storage and work
areas. Computer rooms, aircraft storage and
repair areas, explosive processing areas, and
telephone equipment rooms are frequently
protected in this way.

Smoke-actuated detectors may be of the
photoelectric type used in spot, beam, or duct
designs or the ionization type, which is applied
in the spot or duct design. The principle of
operation is the same, regardless of design.

PHOTOELECTRIC SMOKE DETECTORS.—
Most modern photoelectric detectors of the spot
type use the light-reflection principle to detect

7-9



smoke. The diagram in figure 7-11 shows a typical
arrangement of functional parts. A pulsed light
beam from a light-emitting diode (LED) with its
associated optics is projected across the interior
of a blackened chamber that may contain smoke
to be detected. A photocell, with its optics,
looks toward the projected beam along a line
perpendicular to the beam. When smoke enters
the chamber, the smoke particles reflect a small
portion of the light beam toward the photocell,
which provides a voltage to be amplified and
causes an alarm. The light source may be
monitored ahead of the smoke chamber and
regulated to prevent variation of the light
intensity from causing erratic detector behavior.

In detectors of the beam type, the light source
and photocell are mounted near the ceiling on
opposite sides of the protected room. When
smoke obscures the light below a predetermined
value at the photocell, an alarm results.

Detectors of the duct type are intended for
detecting smoke in an air-handling system. A
detector of this type is mounted directly on the

outside of an air duct or nearby with a sampling
tube extending about three quarters of the
way across the inside of the duct. The air
flows into the smoke detection chamber mounted
on the outside of the duct, and back into
the duct through a return tube, having a hole
or holes directed downstream. As long as
there is airflow in the duct, a portion of that
air continuously flows through the detection
chamber.

IONIZATION SMOKE DETECTORS.—A
small amount of radioactive material ionizes the
air inside a chamber that is open to the ambient
air. A measured, small electrical current is allowed
to flow through the ionized air. The small, solid
particle products of combustion that enter the
chamber as a result of fire interfere with the
normal movement of ions (current), and when the
current drops low enough, an alarm results. A
two-position switch to control sensitivity may be
provided. A detector of this type is shown in
figure 7-12.

Figure 7-11.—Typical arrangement of photoelectric smoke detector components.
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Figure 7-12.—Ionization Smoke detector.

Modern ionization detectors have additional
means to improve stability and immunity to
atmospheric effects. A reference chamber is
vented to the outside through a small orifice,
which does not readily admit smoke particles.
Temperature, humidity, and pressure changes are
sensed by both the reference chamber and the
smoke chamber, and their effects on alarm
sensitivity are eliminated by electronic balancing.

The major difference between detectors of the
spot and duct types is the method of moving the
smoke into the detection chamber. The spot type
detects or relies on convection of air in a room.
The duct type is intended. for detecting smoke in
an air-handling system and is mounted directly
on the outside of an air duct or nearby with
sampling and return tubes extending completely
across the duct.

TESTING SMOKE DETECTORS.—Before
testing detectors that are connected to auxiliary
functions, such as release of a fire extinguishing
agent, release of fire doors, or fan shutdown,
disconnect or bypass the auxiliary functions
(unless the test is specifically intended to test
these features). Before the test, notify the fire
department and persons where the audible signals
can be heard.

Most PHOTOELECTRIC detectors have a
built-in test feature. In some models, a test light
source actuated by a key-operated test switch or
by a magnet held near a built-in reed switch causes
light to reach the normally dark, smoke-sensing
photocell in a quantity approximately the light of
an average smoke test. In other detector models,
the smoke simulation is performed by inserting
a reflective surface into the smoke chamber so that
the actual source light is reflected to the smoke-
sensing photocell. Test at least one detector in
each initiating circuit (zone) monthly. Follow a
rotation schedule so that all detectors are tested
semiannually.

Test failures or false alarms may result from
an excessive accumulation of dust or dirt caused
by an adverse environment. Blow out the smoke
chambers with low-pressure air. (Partial dis-
assembly of the detectors and disconnection of
detectors’ power, following the manufacturer’s
instructions, are required.) Since the photocell is
normally dark, disassemble and clean it in a
darkened area to minimize the photocell recovery
time after cleaning before repowering the
detectors. Allow approximately 30 minutes for
recovery after reassembly of the detectors before
reconnecting power.

Disconnecting power by unplugging one detec-
tor may also disconnect power from the other
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detectors further from the power source.
Inform the fire department before or during any
extended testing period.

Special equipment that may be required for
cleaning consists of a low-pressure air source for
blowing out dust and a suction cup for chamber
cover removal.

If the cleaning does not correct the false alarms
or failure to alarm, return the detectors to the
manufacturer for repair.

Test at least one IONIZATION detector in
each initiating circuit (zone) monthly. Follow a
rotation schedule so that all ionization detectors
are tested semiannually, following the manu-
facturer’s instructions. Any detectors that produce
false alarms between semiannual tests or do not
test satisfactorily should be checked for sensitivity,
following the manufacturer’s instructions and
using test equipment available from the manufac-
turer or other sources. An aerosol synthetic smoke
is available from some manufacturers for testing
their detectors.

Unsatisfactory tests or erratic operation may
indicate a need to remove accumulated dust or
dirt. The frequency of cleaning should be based
on results of regular tests and local conditions.
Clean, check, and test operation and sensitivity,
following the manufacturer’s instructions. For
loose dust deposits, blow the area with low-
pressure air after removing a protective cover. For
more stubborn deposits, disassemble and clean,
using a liquid recommended by the manufacturer.
Recheck sensitivity and adjust if necessary after
cleaning and drying thoroughly.

WARNING

Some smoke detectors of this type produce
an electrical shock that may not be severe
enough to cause injury directly but could
cause a fall from a ladder. Some manufac-
turers, because of such possible injury to
personnel or damage to the detectors, do
not recommend servicing by anyone other
than factory-trained personnel. Personnel
in the customer service departments of
most manufacturers can give advice on the
telephone for specific problems. Be
prepared to give the equipment model
number and other pertinent information.

Flame-Actuated Detectors

Flame-actuated detectors are optical devices
that “look at” the protected area. They

Figure 7-13.—Infrared flame detectors.

generally react faster to a fire than nonoptical
devices do.

INFRARED FLAME DETECTORS.—
Figure 7-13 shows two typical infrared (IR) flame
detectors. IR flame detectors respond directly to
the IR, modulated (flickering at 5 to 30 cycles per
second) radiation from flames. The sensor design
usually incorporates a delayed response, selectable
in the range of 3 to 30 seconds, to minimize
responses to nonfire sources of radiation. Thus,
alarms are caused only by sustained, flickering
source of IR radiation.

The IR flame detector is ineffective for
smoldering or beginning fires. It is used where
possible fires would develop quickly (fuels, such
as combustible gases and liquids, or loose cotton
fiber), and it is capable of protecting a large area
if it is mounted high on a ceiling or wall (30 to
50 feet).

The sensitivity of IR detectors to a fire is
affected by the distance of the device from the
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fire. For example, if the distance is doubled, the
fire has to be four times as large to be detected.
To maintain immunity to possible nonfire sources
of alarms, you should usually select longer
response delays (10 to 30 seconds) for low (8-foot)
ceiling mounting. Shorter delays, in the range of
3 to 10 seconds, are used when detectors are
mounted on higher ceilings. For high-hazard
areas, the detector can be mounted on a low
ceiling and a low delay setting used to obtain
sensitivity and fast response. Shields to eliminate
possible false alarm sources from the field of view
of the detector are sometimes used, especially in
a high-sensitivity application of the device.

Some detector models designed for fast
response do not have the “flicker” discrimination
feature, but instead have two sensors with
different spectral responses. These sensors are

used to distinguish between an actual fire and
other sources of IR radiation.

Glowing ember detectors are nondiscriminating
and fast acting. Ambient light levels must be
maintained below 20 footcandles. Location and
shielding are important for this type to avoid
false alarms caused by incandescent lamps and
sunlight.

ULTRAVIOLET FLAME DETECTORS.—
The ultraviolet (UV) flame detector is extremely
fast and is used in high-hazard applications,
such as aircraft maintenance areas, munitions
production, and other areas where flammable or
explosive liquids or solids are handled or stored.
The detector responds to UV radiation not
visible to humans. Figure 7-14 shows a typical UV
detector. The detector and circuitry may be in a
single housing or in separate housings. They act

Figure 7-14.—Ultraviolet flame detector.
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together as a normally open switch that becomes
momentarily closed, causing an alarm, when UV
radiation enters the detector viewing window.
Response time is typically less than 25 milliseconds
for an intense UV source. Some models have a
built-in short time delay (3 seconds, nominal)
to reduce responses to lightning and other
momentary events.

Frequently, separate relay contacts are
provided for immediate and delayed alarm
outputs, adjustable up to 30 seconds. A visual
indicator, visible through the viewing window,
usually indicates detector actuation.

The UV detector is capable of use in explosive
atmospheres, and some models have swivel
mounts for directing them at specific hazards.
Various models have angular fields of view
ranging from 90 to 180 degrees. Sensitivity is
usually factory set for the application.

TESTING FLAME-ACTUATED DETEC-
TORS.—Flame-actuated detectors should be
inspected monthly for physical damage, accumu-
lation of lens deposits, and paint. A spot of paint
on a lens can prevent the detector from “seeing”
a critical area in the protected space. Remove or
protect the detectors when painting is being done.

Be sure that auxiliary functions of the flame
detection system are deactivated before testing is
done unless these features are intentionally being
tested. Before the test, inform the fire department
and persons who would hear the alarm.

False alarms or failure to detect during a test
may be caused by environmental factors or the
aiming of the detector. During the monthly
inspection, check that detectors are not blocked
and that lenses are shielded from direct rays of
the sun and other sources of IR, such as welding
equipment, in the case of UV detectors.

If a detector has a clean lens but fails an
operating test, make adjustments and/or perform
other field maintenance, following the manufac-
turer’s instructions. Obtain field service by a
factory-trained technician or return the equipment
to the manufacturer for repair.

Infrared Detectors.—On IR detectors (fig.
7-13), the dark spot or dome at the bottom center
of each IR device is the lens. Detector lenses must
be kept clean to ensure the earliest possible
detection of a fire. Test at least one detector in
each initiating circuit (zone) monthly. Follow a
rotation schedule so that all detectors are tested
semiannually.

A small soldering iron held 6 inches in front
of a glowing ember detector can serve as a heat
source for testing. A 250-watt IR heat lamp
several feet from the detector can serve as a flame
substitute in testing an IR flame detector.

Ultraviolet Detectors.—Keep UV detector
lenses totally clean. A gradual buildup of
contaminants frequently found in high-hazard
spaces (oil, gasoline, petrochemicals, salt, and
dust) block UV radiation. A layer thin enough to
be undetectable to the human eye can cause a UV
detector to be completely blind. Clean lenses
according to the manufacturer’s instructions.

A test feature designed into some detectors
allows for checking the optical integrity of the
device. A small UV source inside the detector
housing is shielded from directly illuminating the
sensor. Local or remote operation of a test switch
deactivates alarm circuits and illuminates the test
lamp. The test lamp rays then pass through the
front window to the sensor. Detector response to
the test indicates that the window is clean and that
the sensor and electronic circuits are operational.

Water-Flow-Actuated Detectors

Sprinkler water-flow alarm-initiating devices
are switches, just as fire alarm initiating devices
are. Normally open switches that close upon alarm
are frequently used in end-of-line resistor circuits,
though some normally closed switches are used
in normally closed loop circuits. However, the
alarm-initiating devices for sprinkler water-flow
mount differently and sense different conditions
from fire-alarm-initiating devices.

Sprinkler water-flow detectors are generally
pressure actuated or vane actuated. Pressure
switches are used on both wet- and dry-pipe
sprinkler systems. Vane switches are widely used
on wet-pipe sprinkler systems.

PRESSURE TYPE OF WATER-FLOW
DETECTORS.—Numerous styles of water-flow
pressure switches of the pressure-increase type are
found in wet- and dry-pipe systems. (Figure 7-15
shows one style.) The usual arrangement for
switch actuation includes a sealed accordionlike
bellows that is assembled to a spring and linkage.
The spring compression or tension controls the
pressure setting of the switch and may be
adjustable and/or factory set to the desired
pressure. As water or air pressure in the bellows
increases, it expands, providing motion against
a spring. The linkage converts the motion of the
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Figure 7-15.—Pressure-increase type of water-flow detector.

bellows into the desired motion to actuate the
electrical switch. If the pressure switch is used on
a wet-pipe system, it is usually mounted at the top
of a retarding chamber, which reduces the speed
of pressure buildup at the switch.

There are also water-flow pressure-increase
detectors that incorporate a pneumatic retarding
mechanism within the detector housing. The
retard time is adjustable to a maximum of
90 seconds with usual settings in the 20- to
70-second range. The retarded switch would be
connected to the alarm port of a wet sprinkler
system alarm check valve. The usual pressure
settings for these switches are in the range of 8
to 15 psi.

Pressure-drop detectors can be used in wet-
pipe sprinkler systems equipped with a check valve
that holds excessive pressure on the system side
of the check valve. These detectors are most
frequently used where a water surge or hammer
causes false alarms with other types of water-flow
detectors.

The construction of pressure-drop detectors
is similar to that for pressure-increase detectors.
The switch for a pressure-drop detector is
arranged to actuate on a drop in pressure, and
there is no retarding mechanism or chamber. A
typical switch of this type would be adjusted for
some normal operating pressure in the 50- to
130-psi range. The alarm pressure would be
adjustable to 10 to 20 psi below the normal
pressure.

VANE TYPE OF WATER-FLOW DETEC-
TOR.—A vane type of water-flow detector,

Figure 7-16.—Vane type of water-flow detector.

used only in wet-pipe sprinkler systems, is shown
in figure 7-16. The vane (a flexible, almost flat,
disk) is made of corrosion-resistant material. The
detector is assembled to the pipe by drilling a hole
in the wall of the sprinkler pipe. The vane is
rolled up to form a tube and inserted into the pipe
through the hole. Once inside the pipe, the vane
springs open, almost covering the inside cross
section of the pipe. The whole detector assembly
is clamped to the pipe with one or two U-bolts.
Gaskets and other sealing devices prevent leakage
of water out of the riser pipe and into the
detector housing. Operation of a sprinkler causes
water to flow in the system, moving the vane. A
mechanical linkage connects the vane to an
adjustable retarding device in the detector.

The retarding device, which is usually a
pneumatic dashpot, actuates the alarm switch or
switches and/or signal transmitter if the vane is
still deflected at the end of the adjustable delay
period. The retarding device prevents spurious
alarms by delaying the mechanical actuation of
the alarm switch(es) and/or transmitter to allow
the vane and retarding mechanism to return to
their normal positions after momentary water
surges. The retarding-device setting is usually in
the range of 30 to 45 seconds, though the
maximum setting may be as high as 90 seconds.
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TESTING WATER-FLOW-ACTUATED
DETECTORS.—Water-flow-actuated detectors
should be inspected monthly for physical damage
and for paint on information plates and labels.
Replace or repair damaged devices immediately.
Clean or replace painted plates and labels.
Correct other deficiencies promptly.

Test wet-pipe-sprinkler-system-water-flow
devices by causing a flow of water equal to that
from one sprinkler by opening the inspector’s test
valve fully. This valve is usually near the end of
the sprinkler system on the opposite side of the
building from the system riser. For sectional
water-flow detectors, the inspector’s test valve is
usually on the opposite side of the section of the
building from the riser. The inspector’s test valve
is left open to allow full flow until an alarm is
indicated at the local control unit or, if the
control unit is connected to the base alarm system,
until a clear alarm is received at the alarm head-
quarters. One person with radio or telephone
communications at the test valve and one person
at each alarm-receiving location are usually
needed for testing.

The delay between the start of full flow and
receipt of the alarm signal should be between 15
to 90 seconds for retarded signals. Detectors that
sense a pressure drop should respond in less than
15 seconds. If the alarm has not been received
after water has been flowing for 3 minutes, stop
the test and determine the cause of the problem.

Dry-pipe sprinkler systems have an alarm test
valve at the sprinkler riser in the trim piping that
allows water from the supply side of the dry-pipe
valve to exert supply pressure on a water-flow
detector of the pressure-increase type. The alarm
test valve is frequently a small lever valve but
may be a globe valve. It should be permanently
tagged Alarm Test Valve to expedite future
testing.

The regular trip test of a dry-pipe sprinkler
system to check the operating condition of the
sprinkler system can also be used to test the water-
flow detector and alarm system if the tests are
coordinated. However, it is not practical to
trip-test the dry-pipe valve for every alarm system
test. Do not open the inspector’s valve at the end
of a dry-pipe sprinkler system for an alarm system
test unless a trip test is desired.

The purpose of these initiating devices is to
detect a fire condition and provide that informa-
tion to the control unit. The control unit energizes
the indicating circuit to warn building personnel
for evacuation and to inform fire personnel of a
fire.

ALARM-INDICATING DEVICES

Alarm-indicating devices are the lights or
sounding devices that indicate a fire alarm or
abnormal condition. These lights and sounds may
also provide information about where the signal
originates.

Indicating devices are divided into two major
categories: visual (annunciators) and audible
(bells, horns, chimes, and so forth).

Annunciators

Annunciators give a visual indication of the
“zone” or general area where an alarm originated.
In some cases, such as a sprinkler water-flow
alarm, the annunciator can be arranged to
identify the individual initiating device. In other
cases, such as heat detectors, many initiating
devices can activate the same indicator on the
annunciator.

The annunciator indicator can be operated
directly by auxiliary contacts in the initiating
device or from a connection to the fire alarm
control unit. A trouble or maintenance condition
in the system wiring is also frequently annunciated
by zone. Usually, a yellow or amber light indicates
trouble and a red light indicates an alarm signal.

An annunciator may be incorporated into the
fire alarm control unit, in which case it is
generally actuated by connection to the control
unit. It may also be located at a remote point, in
which case it may be actuated either by the
control unit or by auxiliary contacts in the
initiating devices. Some installations may have a
fire alarm control unit with an integral zone
annunciator and a remote annunciator provided
elsewhere. Frequently, the control unit standby
battery is used to provide power for annunciator
operation during power failure.

Annunciator visual indicators may be of the
drop type or the lamp type. Those of the drop
type (which are essentially obsolete) use electro-
magnetic devices to move a flag into or away from
a window to indicate a change in zone condition.
Annunciators of the lamp type use pilot light
assemblies to indicate an alarm or trouble
condition (usually red for alarm, amber for
trouble). The more common type of annunciator
in use today is the lamp type. Figure 7-17 shows
a frequently used incandescent lamp annunciator.

More recent annunciator designs use matrices
or arrays of light-emitting diodes (LEDs). The
advantages of LEDs are low current, long life,
and small size, allowing annunciation of many
zones in a small space.

7-16



Figure 7-17.—Remote annunciator (weatherproof)

Audible Signal Devices

Any device that sounds an audible signal is
classified as an audible signal appliance. The
audible signal appliances most frequently used
in building alarm systems are bells and horns.
In addition, there are chimes, cowbells, buzzers,
sirens, speakers, air horns, and steam whistles.
Audible signals can be used to indicate either
a fire alarm or a system-malfunction (trouble)
condition. The audible signal appliances are
connected to audible signal circuits for alarm
or trouble indication (depending on their
function) at the control unit. Figure 7-18 shows
some of the commonly used audible signal
appliances.

Audible signal appliances have varying levels
of sound output. Louder devices are for
areas with high ambient sound levels or

where the devices cannot be located near the
area to be warned. Hospitals might use softer
devices, such as chimes, to avoid frightening
patients.

Coded building alarm systems normally use
single-stroke versions of bells or chimes so the
coded signal can be clearly produced. Vibratory
bells, chimes, or horns are used for noncoded
systems but can also be used in coded systems if
the mechanism used can respond rapidly enough
to provide an accurate rendition of the code
being transmitted.

In a building that uses audible signals
routinely, such as bells for announcing class
periods in school, the fire alarm audible
appliances must have a distinct, easily identified
sound. If the fire alarm signal is coded, the
coding provides the distinctive sound, and
it is feasible (though not normal) to use
the same bells for both functions. For a non-
coded fire alarm system, necessary distinction
of sound can be obtained by using a com-
pletely different type of audible signal appliance,
such as a horn or siren, for sounding fire alarm
signals.

Testing Alarm-Indicating Devices

Test alarm-indicating devices monthly with
the monthly inspection. When convenient, the
test may be combined with a fire drill.
Test by operating the drill switch or the
test switch at the control unit or by actuating
an initiating device. If the test switch or an
initiating device is used, notify the remote alarm
headquarters because remote signal transmitters

Figure 7-18.—Audible signal appliances.
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and other auxiliary features will be actuated by TROUBLESHOOTING
such a test. CIRCUIT FAULTS

While there is an alarm condition, check all
the indicating devices and note any that fail to
operate properly. Audible devices should produce
loud, clear, consistent tones, and coded system
codes should be clearly recognizable. Visual
devices should be bright and steady or pulsating,
as intended.

Because of the variations in equipment
from manufacturer to manufacturer and the
numerous types of circuits and devices in use,
it is important to have the following reference
materials available to personnel responsible for
servicing:

Test annunciator lamps by operating a “lamp
test” switch if it is provided; otherwise, cause an
alarm and a trouble condition on each zone. It
is usually convenient to cause these conditions at
the control unit initiating circuit terminals.

Wiring and Equipment Schematic
Diagrams.

Complete, accurate wiring diagrams of each
type of device in use, of each circuit as installed,
and equipment schematic diagrams.

When a single indicating’ device fails to
operate, it is usually defective. If a group of
devices fails to operate, the fault is usually a
defective circuit.

Manufacturers’ Data Sheets.

The descriptive information in manufacturers’
data sheets on all equipment in use and

Figure 7-19.—Typical fire alarm system schematic diagram.
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manufacturers’ instructions for any special testing
and maintenance.

System Revision Information.

Information on all extensions or modifications
to existing fire alarm systems.

Tags.

Identification of wires removed from ter-
minals during repair or testing is essential
to ensure accurate reconnection. Improperly
connected wires may make a fire alarm device
or circuit ineffective or may actually damage
equipment.

In general, detectors are returned to the
manufacturer as a complete package for repair.
However, control units and annunciators are large
and interconnected with a number of other system
components, and there should be some attempt
at local repair before you ship the total unit to
the manufacturer.

Circuit faults may occur in the connection
to the power source, in the alarm-initiating
circuits, and in the alarm-indicating circuits.
Procedures for locating the fault depend
on which one of these is involved. Figure
7-19 represents a typical building fire alarm
system.

POWER SUPPLY CIRCUIT FAULTS

The common components in low-voltage
control units that may require occasional
replacement or maintenance are relays, resistors,
capacitors, diodes, transformers, fuses, switches,
lamps or LEDs, meters, and wiring. In addition,
a modular control unit has replaceable modules.
The modules plug into the main control unit
assembly. The modules vary in construction but
usually contain solid-state devices mounted on one
or more printed circuit boards (PCBs). Sometimes
the modules are sealed, but more often they can
be disassembled for repair. Each module may
represent one zone or a group of zones, or it may
perform a nonzoned function, such as one of the
following:

Providing a time delay (such as shutting
off bells after 15 minutes)

Providing output contacts for a remote
auxiliary function (such as fan shutdown)

Transferring power (from commercial
power to standby power and back)

Sounding a local trouble buzzer

Controlling audible signal devices

Providing a reverse polarity alarm output
(for remote station connection)

Use the manufacturer’s diagrams and servicing
information to narrow down any problems
to a small area. If a problem can be isolated
to one of these modules or if a problem
appears to be related to a zone module,
the most immediate repair is to replace the
module. If the module is not sealed, inspect
it for a condition such as an overheated
resistor or transistor, a poorly soldered con-
nection, a bent connector pin, or a malfunctioning
relay. Repair or replace the parts, resolder
the connection, or straighten the connector
pin. For other conditions more difficult to
analyze, replace the module. (Keep spares on
hand.)

CAUTION

Any soldering that is performed, especially
in replacement of solid-state devices on
printed circuit boards, must be performed
with care, following good commercial
soldering practice.

Grounded and Short Circuits

A ground fault in the power source wiring
will typically cause the building circuit breaker
for the fire alarm system to trip. The equip-
ment will continue to operate on standby
battery, if one is provided. If the battery
is discharged or if no battery is provided,
the equipment affected will be out of service,
and fire alarm protection will be nonexistent.
Because battery capacity is limited and com-
plete discharge should be avoided to prevent
permanent damage to the battery, repair the fault
immediately.
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START

Ac power failure. Circuit breaker
trips.

Disconnect both ends of power
source wiring and tape equipment
ends of wire separately.

CAUTION: Ensure
power is off before
touching wires.

Check for continuity to conduit
from source end of power wires
using ohmmeter R × 1 scale.

Measurable low resistance confirms
ground fault in wiring.

Separate circuit wiring in halves at a con-
venient junction box, taping new exposed
ends. Check both halves of each wire for
continuity to conduit.

Wire section that shows continuity to
conduit is the grounded section. Redivide
it in halves and check both halves as
before.

When grounded section is found, examine
wire and splices for bare wire that
could explain the continuity to the
conduit.

Infinite resistance rules out power source
ground as the cause of the power failure.

Check for continuity between each power
circuit wire and each of the other power
circuit wires.

Measurable low resistance Infinite resistance
for any reading indicates readings rule out
short circuit between power power source wiring
circuit wires for which low as the cause of the
reading was obtained. power failure.

See figure 7-21 for
short-circuit trouble-
shooting.

Check equipment
for internal short
circuit or ground.

END
Insulate bare wire with insulating tape or
insulate splice with wire connector or in-
sulating tape. Recheck continuity to
ground to confirm repair.

Reconnect disconnected wires and restore
power.

END

Figure 7-20.—Troubleshooting chart for a power circuit ground fault.
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START

CAUTION: Ensure
power is off before
touching wires.

Continuity between power circuit
wires indicates short circuit.

Separate circuit wiring in halves at
a convenient junction box, taping
new exposed ends. Check both
halves for wire-to-wire continuity.

Section of wiring that shows con-
tinuity between wires is the short cir-
cuited section. Redivide it in halves
and check both halves as before.

Continue dividing in halves until
short circuited section is found. Ex-
amine wires and splices for bare ad-
jacent wires, which could explain the
short circuit.

Insulate bare wire with insulating
tape or insulate splice with wire con-
nector or insulating tape. Recheck
continuity between separate power
wires to confirm repair of short
circuit.

Reconnect disconnected wires and
restore power.

END

Figure 7-21.—Troubleshooting chart for a short circuit fault in a power circuit.

Figure 7-20 is a power circuit ground fault
troubleshooting diagram. Figure 7-21 is a similar
diagram for a short-circuit fault in the same wiring.

Open Circuits

An open-circuit fault in one of the lines
supplying the fire alarm system will cause

signs of power failure, but circuit breakers
or fuses may show normal conditions. If the
fire alarm control unit has a power failure
or trouble signal feature, it will be activated,
indicating that a problem exists. Refer to
figure 7-22, which is a troubleshooting chart for
this condition.
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START

AC power failure. Circuit breaker not tripped.
Indicates “open” power circuit fault.

Disconnect both ends of power source wiring. Twist
wires together and connect to electrical ground or to con-
duit with auxiliary wire, if necessary.

Check for continuity at equipment end of wiring with
ohmmeter. Measure resistance from each wire to elec-
trical ground or to conduit. Wire for which measure-
ment is infinite is open wire.

One wire shows infinite resistance to
ground. Open junction boxes between
power panel and equipment and inspect
for loose splices in wire of color show-
ing infinite resistance.

Loose splice(s)
found. Correct
loose splices.
Recheck con-
tinuity.

Infinite resistance remains. At approximate
halfway point, connect power circuit wires

as before at equipment end.
together and to ground and recheck continuity

All wires show low resistance to ground.
Open circuit fault is in position between
present ground and previous ground.

Open junction boxes in suspicious sec-
tion of conduit and inspect for loose
splices in wire of color showing infinite
resistance.

or elsewhere.

All wires show low resistance to
ground or conduit. This indicates
original problem was loose connec-
tion at one of disconnected terminals

Pull on wires individually at equip-
ment end until one to two inches of
added wire is obtained at equipment
end. Recheck continuity as before
after confirming ground connection
at power panel end is still good.

All wires show low resistance to ground.
Reconnect wires with power off.
Tighten terminals. Restore power and
confirm normal operation.

END

All wires show low resistance to
ground. Reconnect wires with power
off. Tighten terminals. Restore power
and confirm normal operation.

Loose splice(s) found. Correct loose
splice(s). Recheck continuity as tested
when last infinite resistance reading was
obtained.

END

Infinite resistance remains. At ap-
proximate midway point of suspi-
cious section of conduit, at a
convenient junction box, connect
power circuit wires together and to
ground. Separate wires toward equip-
ment end and remove previous
ground connection at that point.
Check for continuity from each wire
to ground.

Continue process until open section
is isolated and can be replaced or
repaired.

END

Figure 7-22.—Troubleshooting chart for an open fault in power circuit.
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INITIATING CIRCUIT FAULTS

Initiating circuits, like power supply circuits,
may experience shorts, opens, or ground faults.
Operating tests of initiating circuits to locate and
repair faults are best performed after normal
working hours to avoid disruption of normal
activities.

Short Circuit

A short circuit between two points on the same
side of the circuit does not harm system
operation and is normally not detected unless the
short circuit also involves one or more ground
faults. A short circuit between wires on opposite
sides of the circuit causes an alarm. A clue to this
condition is the fact that an alarm condition
exists for an initiating circuit, but inspection shows
that none of the initiating devices connected to
that circuit have operated. The following trouble-
shooting steps will guide you in finding and
repairing the fault:

1. Tag and disconnect the initiating circuit
loop at the control unit or annunciator terminals.

2. Measure the initiating circuit resistance
with an ohmmeter. A value of 100 ohms or less
confirms a short circuit. The lower the value, the
closer to the source the fault is located. A
measurement equal to the end-of-line resistor
value or slightly higher is normal and suggests
looking in the control unit or annunciator for the
fault. (Determine the proper value of the resistor,
usually 1,000 to 2,000 ohms, from reference
materials on the equipment.)

3. If resistance measured is low, confirming
a short circuit, move to a point that is electrically
about halfway between the source and the end-
of-line resistor for the next resistance measure-
ment. A low resistance, near zero, indicates the
short circuit is quite near the test point. A
resistance of 50 to 100 ohms indicates that the
circuit is a long one of smaller gauge wire and that
the short-circuit fault is near the end of the
circuit. At each new test location, break both
sides of the circuit by disconnecting wires at a
convenient initiating device or junction box.
Measure circuit resistance in the direction toward
the end of the circuit.

4. Low resistance measured from the second
location, less than 100 ohms, indicates the
short circuit is still farther toward the end
of the circuit. High resistance, approximating

the end-of-line resistor value, indicates that the
short circuit is closer to the control unit.

5. Continue moving toward the short circuit,
dividing the circuit approximately in halves each
time, and repeat the measurement of resistance
toward the end of the circuit using the guidelines
in Step 4 as the rule for interpreting each
succeeding measurement.

6. When the fault is located, repair it,
reconnect the disconnected wires, and restore the
circuit to normal service.

Open Circuit

An open-circuit fault in an initiating circuit
stops the supervising current. The trouble
relay at the control unit or annunciator de-
energizes, and trouble indicators are activated
for the circuit. Initiating devices closer to
the control unit or annunciator than the open
fault may continue to function. Devices beyond
the fault cannot operate. If an open-circuit
fault occurs, turn off any audible trouble
signals by operating the trouble silence switch.
Continue troubleshooting by using the following
steps:

1. Tag and disconnect the initiating circuit
loop at the control unit or annunciator terminals.

2. Measure the initiating circuit resistance
with an ohmmeter. An infinite reading (no change
in meter reading from the reading with the meter
disconnected from the circuit) confirms an open-
circuit fault. A measurement equal to the end-of-
line resistor value, or slightly higher, is normal
and suggests looking in the control unit or
annunciator for the fault.

3. If the open-circuit fault is confirmed, leave
the two circuit wires off their terminals, taped
separately. Move to a point that is electrically
about halfway between the source and the end-
of-line resistor for the next resistance measure-
ment. Choose a convenient initiating device or
junction box and measure resistance across the
two sides of the initiating circuit. If the measure-
ment is still infinite, the open-circuit fault is still
farther along the circuit toward the end-of-line
resistor. If the measurement is now about equal
to the end-of-line resistor value, the open-circuit
fault is between the present measurement point
and the source.

4. Move toward the fault to a point
electrically about halfway between the present
measurement point and the end-of-line resistor or
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the source, and measure resistance across the
circuit.

5. Infinite readings indicate the open-circuit
fault is toward the end-of-line resistor from the
new test point. Readings approximating the end-
of-line resistor value indicate the open-circuit fault
is toward the source.

6. Continue taking new readings, advancing
toward the fault. Look especially for loose
connections at splices and at initiating-device
screw terminals.

7. When the fault is located, repair it,
reconnect wires at the control unit or annunciator,
and restore alarm service.

Grounded Circuit

A single ground fault on an initiating circuit
should not cause any malfunction, but a circuit
trouble indication may be caused at the control
unit or annunciator if ground-fault detection is
a feature of the equipment. Even a single fault
should be corrected so that a possible additional
fault will not cause a serious deficiency in the
alarm system. Two ground faults on opposite
sides of the initiating circuit cause a short circuit
between the two faults. Follow troubleshooting
directions described earlier for a short-circuit
fault.

Troubleshoot for a single ground fault using
the following steps:

1. Tag and disconnect the initiating circuit at
the control unit or annunciator terminals.

2. With an ohmmeter, check for continuity
between each end of the circuit and an unpainted
spot on the electrical conduit or another ground
connection, such as a cold-water pipe.

3. Continuity confirms that at least one
circuit ground fault exists. An infinite reading
suggests looking in the control unit or annunciator
for the ground fault.

4. At a point that is electrically about halfway
between the source and the end-of-line resistor,
break both sides of the circuit by disconnecting
wires at a convenient initiating device or junction
box. Check for continuity between each wire and
ground separately.

5. Each time continuity to ground is found,
move toward the ground fault at a new test point
about halfway between the present test point and
the last previous test point or the end of the
circuit in that direction (source or end-of-line
resistor). Look especially for wet, pinched, and
damaged wire.

6. When the fault is located, repair it,
reconnect wires at the control unit or annunciator,
and restore alarm service.

INDICATING CIRCUIT FAULTS

An open- or short-circuit fault in an indicating
circuit causes a trouble indication at the control
unit. A ground fault may also cause a trouble
indication if ground-fault detection is a feature
of the control unit.

Short Circuit

A short-circuit fault in an indicating circuit is
difficult to detect by the usual test methods
because the normal circuit resistance is quite low.
A short circuit is just a low resistance in parallel
with the low-resistance indicating devices.

The symptoms would be a blown fuse at the
control unit or power supply during a routine
system test or fire drill and audible devices that
do not operate as loudly as usual.

If you suspect a short-circuit fault, the
following troubleshooting steps may help locate
the fault:

1. There may be several indicating circuits
powered from one power supply or fuse in the
control unit. Separate the several circuits
from each other by tagging the wires and
disconnecting them from the control. unit
terminals. It may be necessary to make continuity
measurements to confirm that the wires from each
circuit are tagged separately. Compare the
resistance readings for the indicating circuits
using the × 1 resistance range of the ohmmeter.
If there is a short-circuit fault, that circuit should
have a lower resistance reading than the others.
Insulate with tape the individual bare wires of the
circuit being checked.

2. Determine how the circuit wires are routed,
using the best available information you may have
to trace the wire or conduit route. Move to a point
electrically about halfway between the control unit
and the most distant indicating device for the
next check. At a convenient initiating device or
junction box, separate the wires leading back to
the control unit from those leading to the more
distant indicating devices by disconnecting them
at device terminals or at splices. Measure circuit
resistance in both directions. The short-circuit
fault should be in the direction of the lower
resistance.
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3. Move toward the fault to a new test point
about halfway between the present test point and
the last test point or the end of the circuit in that
direction (power source or last indicating device).
Separate the wires toward the control unit from
those leading away from the control unit and
again measure the circuit resistance on the × 1
scale of the ohmmeter in both directions. The
fault will be in the low-resistance direction.

4. Continue to move toward the fault, looking
for pinched and damaged wires and for
improper connections at indicating devices. Make
careful measurements at each new test point since
the difference between normal and abnormal
resistance may be only slight.

5. When the fault is located, repair it,
reconnect all wires, test the indicating devices, and
restore the alarm system to service.

Open Circuit

In a two-wire parallel circuit, one open-circuit
fault near the control unit would deactivate all
the indicating devices. The only sign of an open-
circuit fault is the failure of one or more indicating
devices during an alarm system test or fire drill.
The following troubleshooting steps will help
locate the fault:

1. Operate the system test or drill switch at
the control unit and check the operation of each
indicating device on the suspected faulty circuit.

2. Check the circuit connections at any device
with intermittent or weak signals. If a group
does not work, check circuit connections at the
working and nonworking devices at each end of
the group. Make sure that terminal screws are
clean and snug and that there are no broken wires
at the devices checked.

3. If the fault was not located in Step 2, check
the wiring between working and nonworking
devices, looking especially for poor splice
connections at junction boxes.

4. If all the indicating devices on a circuit
fail to work, check for a blown fuse or poor
connections at the control unit or at the first
indicating device on the circuit.

5. When the open-circuit fault is found, repair
the fault and retest the indicating circuit to
confirm that all indicating devices work properly.

Grounded Circuit

A single ground fault in an indicating circuit
may not cause any symptoms unless the indicating

circuit is ac-line powered. If the ground fault is
on the “hot” side of the ac circuit and the
indicating circuit is tested, a fuse or circuit
breaker at the control unit or at the power panel
supplying the alarm system will blow. A ground
fault on the neutral side of the indicating circuit
causes no symptoms. Two ground faults on
opposite sides of the indicating circuit are also a
short circuit. Troubleshooting for the short
circuit may be accomplished as described earlier.

Troubleshoot for a ground fault using the
following steps:

1. Tag and disconnect the indicating circuit
wires at the control unit.

2. With an ohmmeter, check for continuity
between each circuit wire and an unpainted spot
on the electrical conduit or another ground
connection, such as a cold-water pipe.

3. Continuity confirms that there is at least
one circuit ground fault. An infinite reading
suggests looking in the control unit for the ground
fault.

4. If a ground fault in the indicating circuit
is confirmed, insulate the bare ends of the circuit
wires with tape. Move to a point electrically about
halfway between the control unit and the most
distant indicating device on the circuit. At a
convenient indicating device or junction box,
separate the wires leading back to the control unit
from those leading to the more distance devices
by disconnecting them at device terminals or at
splices. Check again for continuity between each
wire and ground separately.

5. Each time continuity to ground is found,
move toward the ground fault at a new test point
about halfway between the present test point and
the last test point or end of the circuit in that
direction. Look especially for wet, pinched, and
damaged wires.

6. When the fault is located, repair it,
reconnect all wires, and test the indicating circuit
by operating the drill or test switch. If all devices
operate properly, restore the alarm system to
service.

INTRUSION ALARMS

So many types of intrusion alarm systems or
combination systems are available today that a
detailed discussion here would not be practical.
Each alarm system is of a special nature, and no
two systems will ever be identical. For more
information on intrusion detection systems, refer
to Design Manual 13.02.
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In this section, we will cover one intrusion
system developed to be used by all branches of
the service. This system is called joint service
interior intrusion detection system (JSIIDS). The
system has been designed to protect small arms,
ammunition, and sensitive materials in storage.

Purpose

JSIIDS was designed to DETECT, not
prevent, an attempted intrusion. The main
purpose of JSIIDS or any other alarm is to give
the earliest possible notice of an attempted
intrusion. The more notice the reaction force
(security police) has before the intruder gets past
the outer boundaries, the better the chance that
the intruder will be caught.

Components

The various components of JSIIDS are of two
general classes: (1) the control unit and its sensor
components and (2) the monitor and display
equipment.

CONTROL UNIT.—The control unit is the
central control element of the JSIIDS. It is located
within the protected area. It receives and processes
the intrusion tamper and duress alarm signals
generated at the sensors.

The control unit contains an emergency
standby power supply (battery) with an automatic
switchover when primary ac power is lost. It
operates in much the same manner as emergency
lights do.

The JSIIDS mode of operation is controlled
by a key switch mounted on the control unit door.
Three modes of operation are provided as follows:

1. Secure—when the protected area is not
open to authorized personnel. In this mode, all
alarms are processed.

2. Access—when the area is open to authorized
personnel. In this mode, only tamper and duress
alarms are processed.

3. Test/Reset—when electricians perform
tests and maintenance. All alarms are processed,
and a sounding device operates for 10 seconds at
the control unit to aid in testing.

SENSOR.—There are four classes of sensor
components associated with the control unit. They
are classified as follows:

1. Penetration sensors-those designed to
detect penetration into the protected area through

doors, windows, walls, floors, ceilings, and other
openings in the room.

2. Motion sensors-those designed to detect
movement of a person within the protected area.

3. Point sensor-those designed to detect the
attempted removal of an item from its normal
position in the protected area, such as removal
of a rifle from a weapons rack.

4. Duress sensor-those designed to be
activated by guard personnel to call for help under
a duress situation.

MONITOR CABINET.—The monitoring and
display equipment is the primary notification
equipment of the JSIIDS. The monitor cabinet
has a self-contained signal module and primary
and emergency power supply. The signal module
displays the status of the monitor cabinet power
supply; that is, operation on the primary or
emergency power source.

DISPLAY EQUIPMENT.—The display
equipment is located in an area where monitoring
personnel are on duty 24 hours a day. The
monitoring equipment consists of a status module
or an alarm module, one for each control unit.

Status Monitor Module.—The status monitor
module displays the status and mode of
operation of one control unit. By looking at
the lights on the status monitor module, the
monitoring personnel can tell what is taking place
in the protected structure.

Alarm Monitor Module.-The alarm monitor
module is used in the monitor cabinets when
only an alarm indication is required.

THEORY OF OPERATION

JSIIDS operates on the basic theory of a
20-volt dc circuit that has less than 2,000 ohms
of resistance being supplied to the detector or
detector processors. This voltage is provided from
the control unit. A rise in ohmic value of the
circuit to 100,000 ohms will trigger an alarm or
tamper condition in the control unit.

If you think about that for just a minute, isn’t
that the way our supervised fire alarm circuit
operates? Sure it is! One main point to remember
in any alarm system is that a small change in
current flow (less than one-tenth of an ampere)
can be used to activate an alarm. Our basic Ohm’s
law provides that a rise in resistance causes a drop
in amperage in the same circuit.
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When the control cabinet receives an alarm or
tamper signal, it then transmits the signal over
telephone lines to the monitor cabinet.

INSTALLATION

The installation of components of the JSIIDS
must comply with the current edition of the
National Electrical Code® (NFPA No. 70) and
with the following requirements for component
mounting, conduit, and conductors.

Component Mounting

Wall-mounted components are designed to be
held by fasteners that are accessible only through
the open door or cover of the component. Before
components are mounted, conduit holes should
be cut in the enclosure if they are not already
provided. All holes should be made with a half-
inch chassis punch.

CAUTION

NEVER use a hole saw, since it produces
metal shavings that can harm the perform-
ance of the equipment.

Conduit

All conductors except phone lines outside the
protected area are to be installed in rigid
galvanized steel conduit or intermediate metal
conduit in accordance with article 345 of the
NEC®. Conduit outlet boxes, pull boxes, junction
boxes, conduit fittings, and similar enclosures are
to be cast metal or malleable metal with threaded
hubs or bodies. Conduit for JSIIDS circuits are
NOT to contain any building wiring.

Conduit is required to be at least one-half inch
in size. All requirements for tapered threads,
supports, bends, locknuts, and bushings are the
same as discussed under hazardous wiring.

Covers on pull and junction boxes used in the
installation of the system have to have a tamper
switch installed, or be tack-welded, brazed,
filled with epoxy, or provided with twist-off
screws.

Interior Conductors

Power conductors for 120-volt ac power to
control units and monitor cabinets are to be solid
copper, no smaller than No. 14 AWG, type RW
or RH-RW or THW insulation.

Low-voltage conductors are to be no smaller
than No. 22 AWG. They are to be installed
using crimp-on spade terminal lugs at all wire
connections to threaded screws on component
terminal boards.

All neutral conductors and noncurrent-
carrying metal parts of equipment have to be
grounded.

A wiring diagram of the installed system will
be drawn up for each protected area. The diagram
should indicate which sensors are installed and
show color-coded interconnections between each
sensor and the control unit. The diagram will aid
in maintenance and troubleshooting. The diagram
should be classified confidential and placed in an
appropriate security container.

Connections

All requirements for installation and compo-
nent connections for the JSIIDS will be found in
the manufacturers’ literature. Foldouts are
provided, showing block diagrams that include
each component used by the JSIIDS. One point
you should remember is that JSIIDS components
are manufactured by several manufacturers
using government specifications. Always check
the terminal boards before connecting your
conductors. Although one system may have
terminals numbered from left to right, the
terminals on the next system you install may be
numbered from right to left. Always check before
you connect.

MAINTENANCE

The JSIIDS should be inspected on a monthly
basis as part of your shop’s recurring maintenance
program. Always inform the reaction force or law
enforcement desk before you begin. The system
is vulnerable to compromise during maintenance,
and for this reason, personnel of the alarm crew
should request a security person to accompany
them for their own protection. You should alter
the schedule of your inspections with a different
routine each month.
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General maintenance of the JSIIDS includes
a visual inspection of all equipment, conduits, and
boxes. Look for signs of tampering and loose
straps or screws, and observe the general
condition of flexible cords or conduits.

Perform an operation test on all installed
sensors, check the power supply for proper
voltages, and check the condition of the battery.
Return all functions of the system to normal
operation, and call the law enforcement desk
before leaving.

Maintenance procedures for the control unit
and each sensor component are listed in the
manufacturers’ literature.

REPAIR

TROUBLESHOOTING

The JSIIDS was designed for fast, easy
troubleshooting. Inside the control unit is a
component called the status processor.

Mounted inside the processor are printed
circuit boards (PCBs). There is one PCB for the
duress switches and one for each group of
additional sensors. This means that the group of
motion sensors terminate to one PCB, the door
contacts to another PCB, and so on. LEDs are
installed in the last PCB. An LED looks like a
small red lamp that illuminates when the processor
receives the initial alarm input. The LED will
remain illuminated until the system is reset.

When you open the control unit door, you can
see immediately what sensor group triggered an
alarm by checking for an illuminated LED.

Each PCB has test points for a voltmeter. The
status of each sensor group can be checked at
these test points for a tamper or alarm condition.

An alarm condition will give a 20-volt dc reading.
When the problem is cleared and the system is
reset, the voltage should drop off to zero.

Most system malfunctions and troubles will
come from a faulty power supply. The JSIIDS
requires a constant 20 volts + or - 1 volt to
operate. When the power supply starts breaking
down, the voltage will start creeping up or down.
A voltage reading of less than 19 volts dc or more
than 21 volts dc requires the replacement of the
power supply.

The major JSIIDS components are designed
in modules. Repairs to the system are normally
made by replacing the defective module. An
example is the power supply. It can be replaced
after disconnecting and tagging all conductors and
removing four screws. The status processor can
also be replaced by removing four screws, or a
single PCB in the processor can be replaced by
a snap-and-pull action. The new PCB is then
inserted into the processor.

Minor repairs on some components can be
completed with the aid of a soldering gun. These
components are toggle switches, fuse holders, the
mode switch, and so on.

Your main concern is to repair the system as
soon as possible and bring it back on line. The
defective components can then be shipped back
to the manufacturer for replacement.

The main point to remember when replacing
JSIIDS components is to TAG YOUR CONDUC-
TORS. One conductor out of place can cause you
hours of downtime troubleshooting.
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APPENDIX I

GLOSSARY

AMPLIFIER—The device that provides COEFFICIENT OF UTILIZATION—
amplification (the increase in current, voltage, or Concerning the light from a luminaire, the ratio
power of a signal) without appreciably altering of lumens received on the work plane to the
the original signal. lumens emitted by the luminaire lamp.

ANNUNCIATOR—An electrical signaling
device that displays a visual indication, usually
a flashing light.

COLLECTOR—The element in a transistor
that collects the current carriers.

APPROACH LIGHTS—A configuration of
ground lights located in the extension of a runway
before the threshold to provide visual approach
and landing guidance to pilots.

COMMON BASE—A transistor circuit in
which the base electrode is the element common
to both the input and the output circuits.

AUTOMATIC FIRE ALARM SYSTEM—
A system using fire detectors, such as heat,
smoke, and flame detectors, to initiate alarms
automatically.

COMMON COLLECTOR—A circuit con-
figuration in which the emitter is the element
common to both the input and the output circuits.

DIELECTRIC—A nonconductor of elec-
tricity; an insulator or insulating material.

BALLAST—A device used with an electric-
discharge lamp to obtain the necessary circuit
conditions (voltage, current, and waveform) for
starting and operating.

DIFFUSER—A device to redirect or scatter
the light from a source.

BASE—The element in a transistor that
controls the flow of current carriers.

DIODE—A two-element solid-state device
made of either germanium or silicon. It is
primarily used as a switching device.

CANDELA (FORMERLY CANDLE)—The
unit of luminous intensity used to measure the
intensity of light radiated from a light source.
It is the average luminous intensity of the
international candle. This intensity is usually
expressed as CANDLEPOWER instead of as
candles of luminous intensity.

DONOR—An impurity that can make a
semiconductor material an N-type by donating
extra “free” electrons to the conduction band.

DOPING—The process of adding impurities
to semiconductor crystals to increase the number
of free charges that can be moved by an external,
applied voltage. Doping produces N-type or
P-type materials.

CATHODE—The negative terminal of a
forward-biased semiconductor diode, which is the
source of the electrons.

DUSTPROOF LUMINAIRE—A luminaire
so constructed or protected that dust will not
interfere with its successful operation.

CATHODE-RAY TUBE (CRT)—An electron
tube which has an electron gun, a deflection
system, and a screen. This tube is used to display
visual electronic signals.

DUST-TIGHT LUMINAIRE—A luminaire
so constructed that dust will not enter the
enclosing case.
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ELECTRIC-DISCHARGE LAMP—A lamp
in which light is produced by the passage of an
electric current through a vapor or a gas.

EMERGENCY LIGHT—Lighting designed
to supply illumination essential to safety of life
and property in the event of failure of the normal
light.

EMITTER—The element in a transistor that
emits current carriers (electrons or holes).

EXPLOSION-PROOF LUMINAIRE—A
completely enclosed luminaire capable of with-
standing an explosion within it and preventing the
ignition of a gas or vapor surrounding the
enclosure by sparks, flashes, or explosion. The
external temperature at which it is operated must
be such that a surrounding flammable atmosphere
will not be ignited.

FIELD-EFFECT TRANSISTOR (FET)—A
transistor consisting of a source, a gate, and a
drain. Current flow is controlled by the transverse
electric field under the gate.

FLOODLIGHT—A system designed for
lighting a scene or an object to a luminance greater
than that of its surroundings.

FLUORESCENT LAMP—A low-pressure
mercury electric-discharge lamp in which a
fluorescing coating on its inner surface transforms
some of the ultraviolet energy generated by the
discharge into light.

FLUORESCENT-MERCURY LAMP—An
electric-discharge lamp having a high-pressure
mercury arc in an arc tube and an outer envelope
coated with a fluorescing substance that trans-
forms some of the ultraviolet energy generated by
the arc into light.

FOOTCANDLE —The illumination intensity
or luminous density on a surface 1 foot distant
and perpendicular to the rays emitted by a light
source of 1 candlepower.

FORWARD BIAS—An external voltage that
is applied to a PN-junction in the conducting
direction so that the junction offers only mini-
mum resistance to the flow of current. Con-
duction is by the majority current carriers (holes
in P-type material; electrons in N-type material).

HIGH-INTENSITY DISCHARGE LAMPS—
A general group of lamps consisting of mercury,
metal halide, and high-pressure sodium lamps.
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HOLE FLOW—In the valence band, a
process of conduction in which electrons move
into holes, thereby creating other holes that
appear to move toward a negative potential. (The
movement of holes is opposite the movement of
electrons.)

FULL-WAVE RECTIFIER—A circuit that
uses both positive and negative alternations in an
alternating current to produce direct current.

GENERAL-PURPOSE FLOODLIGHT—A
weatherproof fixture so constructed that the
housing forms the reflecting surface. The
assembly is enclosed by a glass cover.

GIN POLE—An upright guy pole with
hoisting tackle and a foot-mounted snatch block
used for vertical lifts.

GLARE—Light from a source or a reflecting
surface that interferes with proper vision or causes
eye discomfort. The amount of glare depends on
the brightness of the light source, the contrast
between the source and the background, and the
location of the light source in respect to the field
of vision.

GROUND—A conducting connection,
whether intentional or accidental, between an
electrical circuit or equipment and the earth.

GROUNDING CONDUCTOR—A con-
ductor used to connect equipment or the grounded
circuit of a wiring system to a grounding electrode.

GROUNDING ELECTRODE—A conductor
embedded in the earth for maintaining ground
potential on conductors connected to it.

HALF-WAVE RECTIFIER—A rectifier
using only one-half of each cycle to change
alternating current to pulsating direct current.

HAZARDOUS LOCATION—An area where
ignitable vapors or dust may cause a fire or
explosion created by energy emitted from lighting
or other electrical equipment.



INDICATING DEVICE—A device that
indicates an alarm, supervisory, or trouble
condition. Frequently, audible and visual devices,
such as lamps and flashing lights, are used as
indicating devices.

INITIATING DEVICE—A device used to
initiate the sequence of electrical events that results
in a detection or fire alarm or supervisory signal.

INTEGRATED CIRCUIT—A circuit in
which many elements are fabricated and inter-
connected by a single process (into a single chip),
as opposed to a “nonintegrated” circuit in which
the transistors, diodes, resistors, and other
components are fabricated separately and then
assembled.

IONIZE—To convert totally or partially into
ions (charged particles). This principle is used in
some smoke detectors.

LIGHT-EMITTING DIODE (LED)—A
PN-junction diode that emits visible light when
it is forward biased. Depending on the material
used to make the diode, the light may be red,
green, or amber.

LINE—Strands of natural or synthetic fiber
twisted together, sometimes referred to as rope.

LUMEN—The unit of light output or light
flux. A 1-candlepower light source in the center
of a hollow sphere 2 feet in diameter delivers 1
footcandle of light at every point on the inner
surface of the sphere. Since the inside surface of
the sphere is 12.57 square feet, the light source
produces 12.57 lumens. However, to allow for
losses, common practice puts the ratio of lumens
to candle power at 10 to 1.

LUMINAIRE —A complete lighting unit
consisting of a lamp or lamps together with the
parts designed to distribute the light, to position
and protect the lamps, and to connect the lamps
to the power supply.

MAINTENANCE—Day-to-day, periodic, or
scheduled work required to preserve or restore a
facility or equipment so that it can be effectively
used for its designed purpose. It includes work
to prevent damage to or the deterioration of a
facility that would otherwise be more costly to
restore.

MAINTENANCE FACTOR—A factor used
to denote the ratio of the illumination on a given
area after a period of time to the initial
illumination on the same area.

METAL HALIDE LAMP—A discharge lamp
in which light is produced by the radiation from
a mixture of a metallic vapor (such as mercury)
and the products of the disassociation of halides
(such as halides of thallium, indium, or sodium).

MOUNTING HEIGHT (ROADWAY)—The
vertical distance between the roadway surface and
the center of the light source.

MOUSING—Turns of cordage around the
opening of a block hook.

NPN—A type of transistor that is formed by
introducing a thin region of P-type material
between two regions of N-type material.

OVERHANG—The horizontal distance
between a vertical line passing through the
luminaire and the curb or edge of the roadway.

PHOTOCELL—A light-controlled variable
resistor that has a light-to-dark resistance ratio
of 1:1,000. Used in various types of control and
timing circuits.

PHOTOMETER—An instrument that
measures luminous intensity or brightness,
luminous flux, or light distribution.

PNP—A type of transistor that is formed by
introducing a thin region of N-type material
between two regions of P-type material.

PRINTED CIRCUIT BOARD—A flat
insulating surface upon which printed wiring and
miniaturized components are connected in a
predetermined design and attached to a common
base.

RECTIFIER—A device that by its conduction
characteristics converts alternating current to a
pulsating direct current.

REEVING—Threading or placement of a
working line.

REFLECTOR—A device used to change the
direction of the light rays and redirect them in the
desired direction.
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REFRACTOR—A transparent medium that
passes light rays but bends or deflects them in
the desired direction to obtain proper light
distribution.

REVERSE BIAS—A condition in which an
external voltage is applied to a PN-junction so that
the junction offers a high resistance to current
flow.

RUNWAY THRESHOLD—The beginning of
the runway usable for landing.

SHEAVE—(Pronounced “shiv”) A grooved
wheel or pulley used to support a cable or rope.

SILICON-CONTROLLED RECTIFIER
(SCR)—A semiconductor device that functions as
an electrically controlled switch.

SOLID-STATE DEVICE—An electronic
device that operates by the movement of electrons
within a solid piece of semiconductor material.

STREETLIGHTING LUMINAIRE—A
complete lighting device consisting of the light
source, globe, reflector, refractor, housing, and
support. The pole, post, or bracket is not
considered part of the luminaire.

TRANSISTOR—A semiconductor device
with three or more elements.

TRIAC—A three-terminal device that is
similar to two SCRs back to back with a common
gate and common terminals. Although similar in

construction and operation to the SCR, the triac
controls and conducts current flow during both
alternations of an alternating current cycle.

UNIJUNCTION TRANSISTOR (UJT)—A
three-terminal, solid-state device that resembles
a transistor but is stable over a wide range of
temperatures and allows a reduction of
components when used in place of a transistor.
It is used in switching circuits, oscillators, and
wave-shaping circuits.

VISUAL APPROACH SLOPE INDICA-
TOR SYSTEM (VASIS)—A system of angle-of-
approach lights consisting of two bars of lights
on each side of the runway near the threshold.
These lights show red and white or a combination
of both (pink) to the approaching pilot, depending
upon the position of the aircraft with respect to
the glide path.

WIRE ROPE—A rope formed of wires
wrapped around a central core-a steel cable.

ZENER DIODE—A PN-junction diode
designed to operate in the reverse-bias breakdown
region.

ZONE—An area or division of a building
protected by one fire alarm initiating circuit.
Sometimes the area and the circuit are referred
to interchangeable as the zone. The fire alarm
initiating circuit may be connected to represent
a certain group of initiating devices instead of a
particular area or division of the building.
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FORMULAS

CONVERSION FACTORS AND CONSTANTS

π = 3.14 2π = 6.28

π2 = 9.87 (2π)2 = 39.5

ε = 2.718 √2 = 1.414

√ 3= 1.732 LOG = 0.497

Temperature

(F to C) C = 5/9 (F - 32)

(C to F) F = 9/5 C + 32

(C to K) K = C + 273

Power

1 kilowatt = 1.341 horsepower

1 horsepower = 746 watts

cos A = b Adjacent Side
c = Hypotenuse

a Opposite Sidetan A = b
=

Adjacent Side

cot A = b Adjacent Side
a

=
Opposite Side

B

c a

A C
b

OHM’S LAW - DIRECT CURRENT

OHM’S LAW - ALTERNATING CURRENT

SINUSOIDAL VOLTAGES AND CURRENTS

Effective Value = 0.707 × Peak Value

Average Value = 0.637 × Peak Value

Peak Value = 1.414 × Effective Value

Effective Value = 1.11 × Average Value

Peak Value = 1.57 × Average Value

Average Value = 0.9 × Effective Value

TRIGONOMETRIC FORMULAS

a Opposite Sidesin A =
c

=
Hypotenuse

SPEED VS. POLES FORMULAS

F = NP N = F 120 P = F 120
120 P N

F = frequency

N = speed of rotation

P = number of poles

120 = time constant

POWER FACTOR

PF actual power = watts= = kW R
apparent power volts × amperes kVA = Z
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SINGLE-PHASE CIRCUITS

kVA = E I kW kW = kVA × PF1,000 PF

I P P P= E × PF E = P F = E × II × PF

P = E × I × PF

TWO-PHASE CIRCUITS

PI = 2 × E × PF E = P
2 × I × PF P F = P

E × I

kVA = 2 × E × I kW kW = kVA × PF1,000
=

PF

P = 2 × E × I × PF

THREE-PHASE CIRCUITS,
BALANCED WYE

THREE-PHASE CIRCUITS,
BALANCED DELTA

E phase = E line

I L = √ 3 IP = 1.73 IP

IP = IL

3
= 0.577 IL√

POWER: THREE-PHASE BALANCED
WYE OR DELTA CIRCUITS

P = 1.732 × E × I × PF VA = 1.732 × E × I

PE = PF × 1.73 × I
= 0.577 × P

PF × I

PI =
PF × 1.73 × E

= 0.577 × P
PF × E

PF P 0.577 × P= 1.73 × I × E
= I × E

VA = apparent power (volt-amperes)
I phase = I line

P = actual power (watts)

E = line voltage (volts)
ELEP =
√ 3

= 0.577 EL I = line current (amperes)
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CONVERSION TABLES

LENGTH CONVERSION

When You Know: You Can Find: If You Multiply By:

inches
inches
feet
feet
yards
yards
miles
miles
millimeters
centimeters
centimeters
meters
centimeters
meters
meters
kilometers
meters
nautical miles

millimeters
centimeters
centimeters
meters
centimeters
meters
kilometers
meters
inches
inches
feet
feet
yards
yards
miles
miles
nautical miles
meters

25.4
2.54

30
0.3

90
0.9
1.6

1 600
0.04
0 4
0.032 8
3 3
0.010 9
1.1
0:000 621
0.6
0.000 54

1 852

VOLUME CONVERSION

When You Know: You Can Find: If You Multiply By:

teaspoons milliliters
tablespoons milliliters
fluid ounces milliliters
cups liters
pints liters
quarts liters
gallons liters
milliliters teaspoons
milliliters tablespoons
milliliters fluid ounces
liters cups
liters pints
liters quarts
liters gallons
cubic feet cubic meters
cubic yards cubic meters
cubic meters cubic feet
cubic meters cubic yards

5
15
30
0.24
0.47
0.95
3.8
0.2
0.067
0.034
4.2
2.1
1.06
0.26
0.028
0.765

35.3
1.31
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CONVERSION TABLES—CONTINUED

WEIGHT CONVERSION

When You Know: You Can Find:

ounces
pounds
short tons (2,000 lbs)
grams
kilograms
megagrams (metric tons)

grams
kilograms
megagrams (metric tons)
ounces
pounds
short tons (2,000 lbs)

If You Multiply By:

28.3
0.45
0 9
0.035 3
2.2
1.1

TEMPERATURE CONVERSION

When You Know: You Can Find: If You

degrees Fahrenheit degrees Celsius subtract 32 then multiply by 5/9

degrees Celsius degrees Fahrenheit multiply by 9/5 then add 32

degrees Celsius kelvins add 273.15°

When You Know: You Can Find: If You Multiply By:

square inches square centimeters
square inches square meters
square feet square centimeters
square feet square meters
square yards square centimeters
square yards square meters
square miles square kilometers
square centimeters square inches
square meters square inches
square centimeters square feet
square meters square feet
square centimeters square yards
square meters square yards
square kilometers square miles

AREA CONVERSION

6.45
0.000 6

929
0.092 9

8 360
0.836
2 6
0.155

1 550
0.001

10.8
0.000
1.2
0.4
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INDEX

A

Advanced base planning, 5-28 to 5-34
Airfield lighting, 2-1 to 2-24

airfield lighting systems, 2-1 to 2-21
airfield layout, 2-1 to 2-2
airfield lighting vault, 2-2 to 2-6

constant-current regulator, 2-5 to
2-6

power supply, 2-4 to 2-5
remote control, 2-6
safety, 2-2 to 2-4

condenser discharge lighting system,
2-16 to 2-21

master sequence timer cabinet,
2-18 to 2-21

strobe light system, 2-16 to 2-18
tower control unit, 2-21

lighting circuits, 2-6 to 2-15
approach lights, 2-8 to 2-12
beacon lights, 2-12 to 2-15
obstruction lights, 2-1 2
runway edge lights, 2-7
taxiway lights, 2-8

types of fixtures and lamps, 2-15 to
2-16

maintenance of airfield lighting systems,
2-21 to 2-24

routine maintenance, 2-21 to 2-22
condenser discharge light system,

2-22
operational check, 2-21 to 2-22
underground distribution sys-

tems, 2-22
visual inspection, 2-21

troubleshooting circuits, 2-23 to 2-24
types of trouble, 2-23
underground lighting problems,

2-24
Alarm systems, 7-1 to 7-28

equipment description, 7-2 to 7-18
alarm-indicating devices, 7-16 to 7-18

annunciators, 7-16
audible signal devices, 7-1 7

Alarm systems-Continued
equipment description-Continued

alarm-indicating devices-Continued
testing alarm-indicating devices,

7-17 to 7-18
alarm-initiating devices, 7-7 to

7-16
flame-actuated detectors, 7-12 to

7-14
heat detectors, 7-8 to 7-9
manual fire station, 7-7
smoke detectors, 7-9 to 7-12
water-flow-actuated detectors,

7-14 to 7-16
control unit, 7-4 to 7-7

auxiliary devices, 7-6 to 7-7
local alarm signaling, 7-4 to

7-5
remote alarm signaling, 7-5 to

7-6
power supplies, 7-2 to 7-4

smoke detector power supply,
7-3 to 7-4

system power supply, 7-3
theory of operation, 7-1 to 7-2
troubleshooting circuit faults, 7-18 to

7-28
indicating circuit faults, 7-24 to

7-25
grounded circuit, 7-25
open circuit, 7-25
short circuit, 7-24 to 7-25

initiating circuit faults, 7-23 to 7-24
grounded circuit, 7-24
open circuit, 7-23 to 7-24
short circuit, 7-23

installation, 7-27
component mounting, 7-27
conduit, 7-27
connections, 7-27
interior conductors, 7-27

intrusion alarms, 7-25 to 7-26
components, 7-26
purpose, 7-26
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Alarm systems—Continued
troubleshooting circuits faults-Continued

maintenance, 7-27 to 7-28
power supply circuit faults, 7-19 to

7-22
grounded and short circuits, 7-19

to 7-21
open circuits, 7-21 to 7-22

repair, 7-28
theory of operation, 7-26 to 7-27
troubleshooting, 7-28

types of fire alarm systems, 7-1
coded alarm systems, 7-1
noncoded alarm systems, 7-1

Area lighting systems, 1-1 to 1-29
floodlights, 1-19 to 1-28

flooding aiming, 1-23 to 1-25
isofootcandle diagrams, 1-25 to 1-26
light intensity calculations, 1-26 to 1-28
maintenance factor, 1-26
manufacturer’s literature, 1-25
mounting height and spacing, 1-22 to

1-23
selection of luminaire, 1-21
utilization graph, 1-26

outdoor lighting, 1-1 to 1-11
components and controls, 1-6 to 1-11

constant-current transformer, 1-7
to 1-9

control circuits, 1-9 to 1-11
light circuits, 1-5 to 1-6

multiple circuits, 1-6
series circuits, 1-5 to 1-6

luminaire types and fixtures, 1-1 to 1-5
electric-discharge lighting, 1-2
fixtures, 1-4 to 1-5
fluorescent lighting, 1-3
high-intensity discharge (HID)

lighting, 1-2 to 1-3
luminaire ballasts, 1-3 to 1-4

security lighting, 1-28 to 1-29
alternate power sources, 1-28 to 1-29
lighting control, 1-28
security area classification, 1-28

streetlighting, 1-11 to 1-19
lighting intensity, 1-11 to 1-12
lighting intensity calculations, 1-16 to

1-19
manufacturer’s literature, 1-14 to 1-16

isofootcandle curves, 1-16
maintenance factor, 1-16
utilization curve, 1-14 to 1-16

mounting height and spacing, 1-13 to 1-14
selection of luminaire, 1-12 to 1-13
street and area classification, 1-11

B

Boom derrick, 6-9 to 6-10
erecting, 6-10

rigging, 6-10
Branch circuits, determination of number and

size of, 3-6 to 3-7

C

Capacitor banks, 5-27 to 5-28
Capacitors, testing, 4-25 to 4-31

capacitor dielectric absorption, 4-30
capacitor leakage, 4-27 to 4-30
capacitor value, 4-25 to 4-27
reforming of electrolytic capacitors, 4-30

to 4-31
Chain hoists, 6-11 to 6-12
Circuits, light, 1-5 to 1-6

multiple circuits, 1-6
series circuits, 1-5 to 1-6

Circuits, lighting, 2-6 to 2-15
approach lights, 2-8 to 2-12
beacon lights, 2-12 to 2-15
obstruction lights, 2-12
runway edge lights, 2-8
taxiway lights, 2-8

Coded alarm systems, 7-1
Components and controls, 1-6 to 1-11

constant-current transformer, 1-7 to 1-9
control circuits, 1-9 to 1-11

Condenser discharge lighting system, 2-16 to
2-21

master sequence timer cabinet, 2-18 to
2-21

strobe light system, 2-16 to 2-18
tower control unit, 2-21

Conductor, sizing of neutral, 3-8 to 3-10
Conductors, sizing of service-entrance, 3-7 to

3-8, 3-13
Control unit, 7-4 to 7-7

auxiliary devices, 7-6 to 7-7
local alarm signaling, 7-4 to 7-5
remote alarm signaling, 7-5 to 7-6

Conversion tables and formulas, AII-1 to
AII-5

Cranes, 6-13 to 6-14

D

Devices, protective, 5-25 to 5-27
ground wire, 5-27
lighting arresters, 5-27
switches and fused cutouts, 5-25 to 5-27
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Direct current power supplies, 4-5 to 4-6
Distribution centers, 5-18 to 5-19
Distribution transformer, 5-20 to 5-22

transformer installation 5-20 to 5-21
transformer installation rules, 5-21 to

5-22
Dual-trace oscilloscope, 4-21 to 4-25

front panel controls, 4-22 to 4-24
process of locating the trace, 4-24
test probe frequency compensation,

4-24
test probe ground connections, 4-25

E

Electrical load requirements, 3-1 to 3-15
electrical installations in hazardous loca-

tions, 3-14 to 3-15
classification of hazardous locations,

3-14
wiring methods in hazardous loca-

tions, 3-14 to 3-15
equipment and fittings, 3-14
grounding, 3-14 to 3-15
sealing and bonding, 3-14

ground fault interrupters, 3-13
industrial buildings and shops, 3-10 to

3-13
sizing of service-entrance conductors,

3-13
types of industrial load, 3-10 to 3-12

general lighting loads, 3-10 to
3-12

general-purpose receptacle loads,
3-12

motor loads, 3-12
special appliance loads, 3-12

voltage drop calculation, 3-12 to 3-13
single-family dwelling, 3-1 to 3-10

demand factors, 3-3 to 3-6
electric clothes dryer load, 3-4
electric range load, 3-4 to 3-6
fixed appliance loads, 3-4
general lighting and receptacle

loads, 3-3 to 3-4
heating and air-conditioning

loads, 3-6
motor loads, 3-6
water heater load, 3-6

determination of number and size of
branch circuits, 3-6 to 3-7

sizing of neutral conductor, 3-8 to
3-10

Electrical load requirements—Continued
single-family dwelling—Continued

sizing of service-entrance conductors,
3-7 to 3-8

type of dwelling unit load, 3-1 to 3-3
general lighting load, 3-1
small appliance and laundry

load, 3-1 to 3-2
special appliance load, 3-3

Equipment description, 7-2 to 7-18
alarm-indicating devices, 7-1 6 to 7-18
alarm-initiating devices, 7-7 to 7-1 6
control unit, 7-4 to 7-7
power supplies, 7-2 to 7-4

Equipment, other hoisting, 6-11 to 6-14
chain hoists, 6-11 to 6-12
cranes, 6-13 to 6-14
winches, 6-12 to 6-13

F

Feeders, primary, 5-16 to 5-18
Field rigging and hoisting systems, 6-1 to 6-18

fiber line, 6-14 to 6-16
safe working load, 6-15 to 6-16
size designation, 6-14 to 6-1 5
strength of fiber line, 6-15
synthetic-fiber ropes, 6-14

field-erected hoisting devices, 6-1 to 6-11
boom derrick, 6-9 to 6-10

erecting, 6-10
rigging, 6-10

gin pole, 6-4 to 6-6
erecting, 6-5 to 6-6
rigging, 6-4 to 6-5

holdfasts, 6-1 to 6-3
combination-log-picket holdfast,

6-2
combination-picket holdfast, 6-2
deadman holdfast, 6-3
natural types, 6-1
rock holdfast, 6-2 to 6-3
single-picket holdfast, 6-1 to 6-2
steel-picket holdfast, 6-3

pole derrick, 6-10 to 6-11
shear legs, 6-6 to 6-7

erecting, 6-7
rigging, 6-6 to 6-7

tripod, 6-7 to 6-9
erecting, 6-8 to 6-9
rigging, 6-7 to 6-8

other hoisting equipment, 6-11 to
6-14

chain hoists, 6-11 to 6-12
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Field rigging and hoisting systems—Continued
field-erected hoisting devices—Continued

cranes, 6-13 to 6-14
winches, 6-12 to 6-13

wire rope, 6-16 to 6-18

Fixtures and lamps, types of, 2-15 to 2-16
Fixtures and luminaire types, 1-1 to 1-5

construction, 6-16 to 6-17
grades of wire rope, 6-17
measuring wire rope, 6-17
safe working load, 6-17 to 6-18

Flame-actuated detectors, 7-12 to 7-14
Floodlights, 1-19 to 1-28

flooding aiming, 1-23 to 1-25
isofootcandle diagrams, 1-25 to 1-26
light intensity calculations, 1-26 to

1-28
maintenance factor, 1-26
manufacturer’s literature, 1-25
mounting height and space, 1-22 to 1-23
selection of luminaire, 1-21
utilization graph, 1-26

Formulas and conversion tables, AII-1 to
AII-5

G

Generation and distribution, power, 5-1 to
5-34

Gin pole, 6-4 to 6-6
erecting, 6-5 to 6-6
rigging, 6-4 to 6-5

Glossary, AI-1 to AI-4
Ground fault interruptions, 3-13
Guying of poles, 5-22 to 5-25

H

Hazardous locations, classification of, 3-14
Hazardous locations, electrical installations

in, 3-14 to 3-15
Heat detectors, 7-8 to 7-9
Heating and air-conditioning loads, 3-6
Holdfasts, 6-1 to 6-3

combination-log-picket holdfast, 6-2
combination-picket holdfast, 6-2
deadman holdfast, 6-3
natural types, 6-1
rock holdfast, 6-2 to 6-3
single-picket holdfast, 6-1 to 6-2
steel-picket holdfast, 6-3

Indicating circuit faults, 7-24 to 7-25
grounded circuit, 7-25
open circuit, 7-25
short circuit, 7-24 to 7-25

Inductors, testing, 4-31 to 4-32
inductor opens, 4-31 to 4-32
inductor ringing, 4-32
inductor value, 4-31

Industrial buildings and shops electrical load
requirements, 3-10 to 3-13

types of industrial load, 3-10 to 3-12
Initiating circuit faults, 7-23 to 7-24

grounded circuit, 7-24
open circuit, 7-23 to 7-24
short circuit, 7-23

Installation, 7-27
Installation, generator, 5-4 to 5-10

feeder cable connections, 5-7 to 5-10
generator connections, 5-6 to 5-7
generator set inspection, 5-5 to 5-6
sheltering of generators, 5-4 to 5-5
site selection, 5-4

Intrusion alarms, 7-25 to 7-26
components, 7-26
purpose, 7-26

Isofootcandle diagrams, 1-25 to 1-26
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K

Key leakage test, 4-19 to 4-20
rectifier diode testing, 4-19
silicon controlled rectifier testing, 4-20

L

Lighting systems, area, 1-1 to 1-29
floodlights, 1-19 to 1-28
outdoor lighting, 1-1 to 1-11
security lighting, 1-28 to 1-29
streetlighting, 1-11 to 1-19

M

Maintenance of airfield lighting systems, 2-21
to 2-24

routine maintenance, 2-21 to 2-22
condenser discharge light system,

2-22
operational check, 2-21 to 2-22
underground distribution systems, 2-22
visual inspection, 2-2 1

troubleshooting circuits, 2-23 to 2-24
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Manual fire station, 7-7
Manufacturer’s literature, 1-14 to 1-16

isofootcandle curves, 1-16
maintenance factor, 1-16
utilization curve, 1-14 to 1-16

Multiple circuits, 1-6

N

Noncoded alarm systems, 7-1

O

Oscilloscope, using, 4-25
Outdoor lighting, 1-1 to 1-11

components and controls, 1-6 to 1-11
light circuits, 1-5 to 1-6
luminaire types and fixtures, 1-1 to 1-5

Overload protective relay, 4-15
Overvoltage protective relay, 4-12 to 4-13

P

Plant operations, generating, 5-10 to 5-15
basic operating precautions, 5-14 to 5-15
emergency shutdown, 5-14
equipment, plant 5-10 to 5-11
parallel plant operation, 5-12 to 5-14
single plant operation, 5-11 to 5-12

Pole derrick, 6-10 to 6-11
Power generation and distribution, 5-1 to 5-34

advanced base planning, 5-28 to 5-34
power distribution, 5-16 to 5-28

capacitor banks, 5-27 to 5-28
distribution centers, 5-18 to 5-19
distribution system maintenance, 5-28
distribution transformers, 5-20 to

5-22
transformer installation, 5-20 to

5-21
transformer installation rules,

5-21 to 5-22
guying of poles, 5-22 to 5-25 R
primary feeders, 5-16 to 5-18

loop, or ring, distribution
system, 5-17

network distribution system,
5-17 to 5-18

primary selective system, 5-18
radial distribution system, 5-17

Power generation and distribution—Continued
power distribution—Continued

primary mains, 5-19 to 5-20
protective devices, 5-25 to 5-27

ground wire, 5-27
lighting arresters, 5-27
switches and fused cutouts, 5-25

to 5-27
substations, 5-16

power generation, 5-1
generating plant operations, 5-10 to

5-15
basic operating precautions, 5-14

to 5-15
emergency shutdown, 5-14
parallel plant operation, 5-12 to

5-14
plant equipment, 5-10 to 5-11
single plant operation, 5-11 to

5-12
generator installation, 5-4 to 5-10

feeder cable connections, 5-7 to
5-10

generator connections, 5-6 to 5-7
generator set inspection, 5-5 to

5-6
sheltering of generators, 5-4 to

5-5
site selection, 5-4

generator selection, 5-1 to 5-4
computation of the load, 5-2 to

5-4
power and voltage requirements,

5-2
power plant maintenance, 5-15 to

5-16
operator maintenance, 5-15 to

5-16
preventive maintenance, 5-16

Power supplies, 7-2 to 7-4
smoke detector power supply, 7-3 to

7-4
system power supply, 7-3

Protective relays, solid-state, 4-12 to 4-15

Receptacle loads and general lighting, 3-3 to
3-4

Rectifier diode, 4-1 to 4-2, 4-16
References, AIII-1 to AIII-2
Reverse-power protective relay, 4-14 to 4-15
Ropes, 6-14, 6-16 to 6-18
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S

Security lighting, 1-28 to 1-29
alternate power sources, 1-28 to 1-29
lighting control, 1-28
security area classification, 1-28

Series circuits, 1-5 to 1-6
Shear legs, 6-6 to 6-7

erecting, 6-7
rigging, 6-6 to 6-7

Single-family dwelling electrical load
requirements, 3-1 to 3-10

Small appliance and laundry load, 3-1 to 3-2
Smoke detectors, 7-9 to 7-12
Solid-state devices and circuits, 4-1 to 4-32

applications of solid-state devices, 4-5 to 4-15
direct current power supplies, 4-5 to

4-6
solid-state protective relays, 4-12 to

4-15
overload protective relay, 4-15
overvoltage protective relay, 4-12

to 4-13
reverse-power protective relay,

4-14 to 4-15
underfrequency protective relay,

4-14
undervoltage protective relay,

4-13 to 4-14
voltage regulators, 4-6 to 4-12

silicon controlled rectifier
regulator, 4-6 to 4-10

transistor voltage regulator, 4-10
to 4-12

semiconductor devices and symbols, 4-1
to 4-5

integrated circuit, 4-4 to 4-5
rectifier diode, 4-1 to 4-2
silicon controlled rectifier, 4-2 to 4-3
transistor, 4-3 to 4-4
unijunction transistor, 4-4
zener diode, 4-2

testing capacitors and inductors, 4-25 to
4-32

testing capacitors, 4-25 to 4-31
capacitor dielectric absorption,

4-30
capacitor leakage, 4-27 to 4-30
capacitor value, 4-25 to 4-27
reforming of electrolytic

capacitors, 4-30 to 4-31
testing inductors, 4-31 to 4-32

inductor opens, 4-31 to 4-32
inductor ringing, 4-32
inductor value, 4-31
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Testing solid-state devices, 4-15 to 4-21
key leakage test, 4-19 to 4-20
rectifier diode testing, 4-16
silicon controlled rectifier testing, 4-17
testing integrated circuits, 4-20 to 4-21
transistor testing, 4-18 to 4-19
unijunction transistor testing, 4-17 to 4-18
zener diode testing, 4-16

Transistor, 4-3 to 4-4, 4-18 to 4-19

Solid-state devices and circuits-Continued
testing solid-state devices, 4-15 to 4-21

key leakage test, 4-19 to 4-20
rectificer diode testing, 4-19
silicon controlled rectifier

testing, 4-20
rectifier diode testing, 4-16
silicon controlled rectifier testing,

4-17
testing integrated circuits, 4-20 to

4-21
transistor testing, 4-18 to 4-19

transistor gain, 4-18
transistor leakage, 4-18 to 4-19

unijunction transistor testing, 4-1 7 to
4-18

zener diode testing, 4-16
waveform analysis of solid-state devices,

4-21 to 4-25
dual-trace oscilloscope, 4-21 to 4-25

front panel controls, 4-22 to
4-24

process of locating the trace,
4-24

test probe frequency compensa-
tion, 4-24

test probe ground connections,
4-25

using the oscilloscope, 4-25
Streetlighting, 1-11 to 1-19

lighting intensity, 1-11 to 1-12
lighting intensity calculations, 1-16 to

1-19
manufacturer’s literature, 1-14 to 1-16

mounting height and spacing, 1-13 to
1-14

selection of luminaire, 1-12 to 1-13
street and area classification, 1-11

Strobe light system, 2-16 to 2-18
Substations, 5-16
Synthetic-fiber ropes, 6-14

T



Tripod, 6-7 to 6-9
erecting, 6-8 to 6-9
rigging, 6-7 to 6-8

Troubleshooting circuit faults, 7-18 to 7-28
Troubleshooting circuits, 2-23 to 2-24

types of trouble, 2-23
underground lighting problems, 2-24

U

Underfrequency protective relay, 4-14
Undervoltage protective relay, 4-13 to 4-14
Unijunction transistor, 4-4, 4-17 to 4-18
Utilization graph, floodlights, 1-26

V

Vault, airfield lighting, 2-2 to 2-6
constant-current regulator, 2-5 to 2-6
power supply, 2-4 to 2-5
remote contol, 2-6
safety, 2-2 to 2-4

Voltage drop calculation, 3-12 to 3-13

Voltage regulators, 4-6 to 4-12
silicon controlled rectifier regulator, 4-6

to 4-10
transistor voltage regulator, 4-10 to 4-12

W

Water heater load, 3-6
Water-flow-actuated detectors, 7-14 to 7-16
Waveform analysis of solid-state devices,

4-21 to 4-25
dual-trace oscilloscope, 4-21 to 4-25
using the oscilloscope, 4-25

Winches, hoisting equipment, 6-12 to 6-13
Wire rope, 6-16 to 6-18

construction, 6-16 to 6-17
grades of wire rope, 6-17
measuring wire rope, 6-17
safe working load, 6-17 to 6-18

Wiring methods in hazardous locations, 3-14
to 3-15

Z

Zener diode, 4-2 to 4-16
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Assignment Questions

Information: The text pages that you are to study are
provided at the beginning of the assignment questions.





Assignment 1

Textbook  Ass ignment :  "Area  L igh t ing  Sys tems . "  Pages  l - l  t h rough  1 -29 .

l-l.

1-2.

L e a r n i n g  O b j e c t i v e :  I d e n t i f y
the various types of  components ,
c i r c u i t s ,  a n d  c o n t r o l s  f o r  a r e a
l igh t ing  sys t ems .

Which of  the fol lowing is  one of
the primary problems associated
wi th  incandescen t  l i gh t  bu lbs?

1. Aging
2. Manufacturing
3. Durability
4. Installation

Which of the following devices
prevents increased current flow
as electric-discharge lamps heat
up?

1. Constant-current regulator
2.
3.

Isolation transformer
Ballast

4. Capacitors

1-3. What is the main drawback of
the older type of sodium lights?

1. Poor color quality
2. High ini t ial  cost
3. Increased maintenance cost
4. Reduced light output

1-4. The  base  o f  h igh- in tens i ty -
d i scha rge  l i gh t ing  shou ld  be
maintained below what maximum
temperature?

1. 190°F
2. 210°F
3. 400°F
4. 500°F

1-5. Which of the following
procedures  wi l l  r educe  the
stroboscopic effect  produced
by AID lights?

1. Ins t a l l  i ncandescen t  l amps
in  eve ry  o the r  f ix tu re

2. Connect  HID l ights  in a
s e r i e s  w i r i n g  c i r c u i t

3. Main ta in  a  cons tan t  cu r ren t
on CCR transformer

4. Connect  adjacent  lamps to
different  power phases

1-6. High-intensi ty mercury-vapor and
metal-halide lamps should NOT be
opera ted  i f  t he  ou te r  g lobe  i s
broken, punctured, or  missing.

1. True
2. False

1-7. What special  precautions must
be taken if  HID equipment is
i n s t a l l e d  i n  a  s e r i e s  w i r i n g
c i r c u i t ?

1. Provide protect ion from high
vo l t ages  tha t  occur  du r ing
h o t  r e s t a r t s

2. E n s u r e  t h a t  t h e  b a l l a s t  i s
mounted within 24 inches of
the  l amp f ix tu re

3. I n s t a l l  t i m e r s  t o  p r e v e n t
the  l amps  f rom s t a r t ing  a t
the same time

4. Use HID equipment only in
o v e r h e a d  s e r i e s  c i r c u i t s

1-8. Fluorescent  lamps use what  type
o f  i n t e r i o r  c o a t i n g  t o  g i v e  o f f
l i g h t ?

1. Mercury
2 .
3.

Sodium
Metal  hal ide

4. Phosphor
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1-9.

1-10.

1-11.

1-12.

1-13.

1-14.

Ballasts  provide which of  the
fol lowing functions?

1. Limit  current  f low through
the lamp

2. Prov ide  cor rec t  vo l t age  to
the lamp

3. Provide power factor
cor rec t ion

4. All  of  the above

A the rmal ly  p ro tec ted  ba l l a s t
approved by Underwriter 's
L a b o r a t o r i e s  i s  c l a s s i f i e d  a s  a

1. Class  A  ba l l a s t
2. C lass  D  ba l l a s t
3. C lass  P  ba l l a s t
4. C lass  T  ba l l a s t

Which of  the fol lowing devices
a re  used  wi th  l amp f ix tu res  to
change  the  qua l i ty  o f  l i gh t
produced?

1. Ref lec to r s
2. Lenses
3. Both 1 and 2 above
4. Hard glass covers

When HID l ighting f ixtures are
moun ted  on  po les ,  t he  ba l l a s t s
should be mounted

1. a t  the  base  o f  each  po le
2. within 24 inches of  the

l i g h t  f i x t u r e
3. in a group, c lose  to  the

d i s t r i b u t i o n  t r a n s f o r m e r
4. a s  c lose  to  the  cons tan t -

cur ren t  r egu la to r  a s
poss ib l e

A cons tan t -cur ren t  r egu la to r  i s
sized to provide 6.6 amperes of
c u r r e n t  t o  a  l i g h t i n g  c i r c u i t .
I f  h igher  amperage  i s  r equ i red ,
which of  the fol lowing devices
a re  used  to  inc rease  the  cu r ren t
capacity?

1. Current  t ransformers
2. Autotransformers
3. Dis t r ibu t ion  t r ans fo rmers
4. Po ten t i a l  t r ans fo rmers

Which of  the fol lowing devices
prevents a lamp fai lure from
i n t e r r u p t i n g  t h e  e n t i r e  s e r i e s
c i r c u i t ?

1. I so la t ion  t r ans fo rmer
2. B a l l a s t
3. Cons tan t -cur ren t  r egu la to r
4. Fi lm-disk cutout

1-15. When you are running conductors
over  a  g rea t  d i s t ance  to  supp ly
s t r e e t l i g h t s  i n  a  p a r a l l e l
c i r c u i t ,  w h i c h ,  i f  a n y ,  o f  t h e
following is a DISADVANTAGE?

1. Excessive voltage drop
2. Excessive current  drop
3. D i f f i c u l t y  i n

troubleshooting
4. None of the above

1-16. I f  bo th  conduc to r s  o f  a  se r i e s
l i g h t i n g  c i r c u i t  a r e  i n s t a l l e d
on the same pole,  the system is
known as what  type of  circui t?

1-17.

1-18.

1-19.

1. Radial- loop
2. Open-loop
3. Combination-loop
4. Closed-loop

I n s u l a t o r s  t h a t  a r e  i n s t a l l e d  o n
s e r i e s  s t r e e t l i g h t i n g  c i r c u i t s
should be of  what  color  to dis-
tinguish them from those on
o t h e r  d i s t r i b u t i o n  c i r c u i t s ?

1. Gray
2. Blue
3. Brown
4. White

O n  s e r i e s  s t r e e t l i g h t i n g
c i r c u i t s , what size of hard-
drawn copper conductor is
normally used?

1 . No. 10 AWG
2 . No. 8 AWG
3. No. 6 AWG
4 . No. 4 AWG

Which of  the fol lowing factors
determines the output  vol tage
ra t ing  o f  a  t r ans fo rmer
supp ly ing  s t r ee t l i gh t ing  in  a
p a r a l l e l  c i r c u i t ?

1. Vol tage  ra t ing  o f  the
individual  lamps

2. Cur ren t  r a t ing  o f  the
individual  lamps

3. Voltage drop of  the
l i g h t i n g  c i r c u i t

4. Size of  the secondary
conductor
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1-20. What  i s  the  bas ic  p r inc ip le
invo lved  in  the  ope ra t ion  o f
a  c o n s t a n t - c u r r e n t  r e g u l a t o r ?

1. A ba lanced  l ever  r eac t s  to
cu r ren t  f lowing  th rough  i t s
springs

2. The moving coil  reacts
d i r e c t l y  t o  t h e  c h a n g e  i n
o i l  t e m p e r a t u r e  i n  t h e
cooling fins

3. The moving coil clamps hold
the moving coil away from
t h e  s t a t i o n a r y  c o i l
according to load demand

4. The moving coil moves within
the  magne t i c  f i e ld  o f  the
s t a t i o n a r y  t o  p r o v i d e  t h e
des i red  secondary  cur ren t

IN ANSWERING QUESTIONS 1-24 THROUGH
1-26, SELECT FROM COLUMN B THE TYPE OF
STREET CLASSIFICATION THAT MATCHES THE
DEFINITION GIVEN IN COLUMN A. NOT ALL
RESPONSES IN COLUMN B ARE USED.

A. DEFINITIONS

1-24. Roadways used
p r i m a r i l y  f o r
d i r e c t  a c c e s s
t o  r e s i d e n t i a l ,
commercial ,  or
i n d u s t r i a l  a r e a s

1-21. Cons tan t -cur ren t  r egu la to r s  may
be overloaded to what  percent
without  damage to the regulator?

1-25. Roadways that
se rve  as  the
p r i n c i p a l  n e t -
work for through
t r a f f i c

1. 5 1-26. Roadways serving
2. 10 t ra f f i c  be tween
3. 15 major and local
4. 20 roadways

1-22. Which of the following devices
may  be  ins t a l l ed  to  r e l i eve
constant-current  t ransformers
that  are sl ightly overloaded?

1. Autotransformers
2. Potential transformers
3. Booster transformers
4. Isolation transformers

IN ANSWERING QUESTION 1-23, REFER TO
TABLE l-l IN YOUR TEXTBOOK.

1-27. What type of luminaire should
you  se lec t  to  l igh t  a  roadway  i f
the luminaire is  to be mounted
on the side of  the roadway with
a width of  not  over 2.7 t imes
the mounting height?

1. Type I
2. T y p e  I I
3. Type III
4. Type  IV

1-23. To supply 140 1,000-lumen,
6.6-ampere, s t r a i g h t - s e r i e s
lamps, you would need a
regu la to r  o f  wha t  s i ze?

1. 7.5 kW
2. 10 kW
3. 15 kW
4. 20 kW

Learning Objective: I d e n t i f y
the spacing and height
r e q u i r e m e n t s  f o r  s t r e e t -
l i g h t i n g  l u m i n a i r e s .

B. TYPES OF
STREET
CLASSIFI-
CATION

1. I n t e r -
mediate

2. Col l ec to r

3. Local

4. Major
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IN ANSWERING QUESTIONS 1-28 THROUGH
1-30, SELECT FROM COLUMN B THE STREET-
LIGHT MOUNTING TERMINOLOGY THAT MATCHES
THE DEFINITION GIVEN IN COLUMN A. NOT
ALL RESPONSES IN COLUMN B ARE USED.

1-28.

1-29.

1-30.

A. DEFINITION

Distance
measured up
and down the
leng th  o f  a
road

Distance
measured
across  the
width of  the
road

Dimension between
the curb and a
p o i n t  d i r e c t l y
be low the  l igh t
f i x t u r e

B. STREET-
LIGHTING
MOUNTING
TERMINOLOGY

1. Transverse
d i r e c t i o n

2. Longi-
tud ina l
d i r e c t i o n

3. Overhang

4. Mounting
he igh t

1-31. When the width of a roadway
approaches two mounting heights
wide, what mounting arrangement
should be used?

1. Opposite
2. Staggered
3. One-side
4. Overlap

1-32. Which of the following
s ta t emen t s  bes t  desc r ibes  the
information that  can be obtained
f rom a  u t i l i za t ion  curve?

1. The total  amount of  l ight
generated by the luminaire

2. The amount of  usable l ight
t h a t  a c t u a l l y  s t r i k e s  t h e
a rea  to  be  l igh ted

3. The amount of overlap
provided by the luminaire

4. The total  amount of  l ight
generated by the luminaire
a f t e r  2  yea r s  o f  opera t ion

1-33. Which part  of  the manufacturer 's
l i terature shows the magnitude
and  d i r ec t ion  o f  i l l umina t ion  a t
any point on the roadway
sur face?

1. Isofootcandle curve
2. Ut i l i za t ion  curve
3. Maintenance factor
4. C o e f f i c i e n t  o f  u t i l i z a t i o n

1-34. The  fac to r  used  in  l igh t ing
calculat ions to compensate for
g radua l  lo s ses  o f  i l l umina t ion
is known as what kind of factor?

1. Lamp
2. Uniformity
3. I l lumina t ion
4. Maintenance

1-35. Which of  the fol lowing factors
in f luence ( s )  the  se l ec t ion  o f
the luminaire?

1-36.

1-37.

1. Budget  constraints
2. A v a i l a b i l i t y
3. S tock  l eve l s  i n  the  supp ly

system
4. All  of  the above

What must be calculated before
t h e  c o e f f i c i e n t  o f  u t i l i z a t i o n
can be determined?

1. Amount of wasted light on
t h e  s t r e e t  s i d e

2. Amount of wasted light on
the house s ide

3. Both 1 and 2 above
4. Amount of light produced by

the luminaire

The uniformity of  i l lumination
i s  expressed  in  t e rms  o f  a  r a t io
of

1. average fc
minimum fc

2. average fc
maximum fc

3. maximum fc
minimum fc

4. i n i t i a l  f c
average fc
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1-38. How can the minimum value of
l igh t  s t r ik ing  a  roadway  su r face
be determined?

1. By  ca lcu la t ing  the
c o e f f i c i e n t  o f  u t i l i z a t i o n

2. By plotting the roadway on
an isofootcandle curve

3. By multiplying the lamp
factor  by the maintenance
f a c t o r

4. By plotting the roadway on
a topographical map

Learning Objective: Iden t i fy
the  spac ing  and  he igh t  r equ i re -
men t s  fo r  f lood l igh t  lumina i re s .

1-39. When you are instal l ing a
f lood l igh t  sys t em,  i t  i s  more
e f f i c i en t  to  use  a  l a rge r  number
o f  sma l l  f l ood l igh t s  t han  to  use
a smaller  number of  large
f l o o d l i g h t s .

1. True
2. False

IN ANSWERING QUESTION 1-40, REFER TO
FIGURE 1-19 IN YOUR TEXTBOOK.

1-40. The  Nat iona l  E lec t r i ca l
Manufacturer 's  Associat ion
(NEMA) has classified flood-
l ight ing luminaires  into how
many types according to beam
spread degrees?

1 . 1 0
2 . 9
3 . 7
4 . 4

1-41. The suggested area that  can be
covered by a s ingle pole is  how
many times the mounting height?

1. Five
2. Two
3. Three
4. Four

1-42. If  the corner poles are NOT used
in  pe r ime te r  loca t ions ,  the
d i s t ance  f rom the  l a s t  po le  to
the edge of the area should NOT
exceed how many times the
mounting height?

1. Five
2. Two
3. Three
4. Four

1-43. The 2X-4X rule can be used to
c a l c u l a t e  t h e

1. number of  f loodlights  per
pole

2. he igh t  o f  the  po les
3. l i g h t i n g  i n t e n s i t y  o f  t h e

area
4. minimum number of poles

1-44. The  h ighes t  l i gh t  l eve l  a
f lood l igh t  can  p roduce  a t  a
distance from the pole occurs
when the maximum intensity is
aimed to form approximately a
3 ,  4 ,  5  t r i a n g l e .

1. True
2. False

1-45. The  3 ,  4 ,  5  t r i ang le  a iming
method can be useful  for
determining

1. spacing between the poles
2. he igh t  o f  the  po le
3. number of  f loodlights  per

pole
4. maximum number of poles

1-46. When  se l ec t ing  l igh t ing  f ix tu res
t o  l i g h t  a n  a r e a ,  a l w a y s  s e l e c t
a  f ix tu re  tha t  has  a  beam spread
t h a t  i s

1. l e s s  than  the  a rea
2. s u f f i c i e n t  t o  c o v e r  t h e  a r e a
3. g r e a t e r  t h a n  t h e  a r e a
4. twice  as  l a rge  as  the  a rea

1-47. The performance specif icat ions
of each model,  type,  and size of
luminaire can be obtained from

1. the  manufac tu re r ' s
l i t e r a t u r e

2. the IES Lighting Handbook
3. the  Na t iona l  E lec t r i ca l

Code®

4. NAVFAC MO-200

1-48. What piece of manufacturer 's
l i t e ra tu re  shows  wha t  the  l igh t
l eve l  wi l l  be  a t  any  g iven
point?

1. U t i l i z a t i o n  d a t a
2. NEMA classification number
3. Isofootcandle diagram
4. Maintenance factor
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1-49. T h e  i n i t i a l  f o o t c a n d l e  t a b l e
g ives  the  foo tcand le  va lue  fo r
each isofootcandle curve based
on the

1. mounting height  of  the pole
2. number of  f ixtures per  pole
3. u t i l i z a t i o n  d a t a
4. NEMA classification number

1-50. You can determine the average
lumens per square foot  of  a
given area by using the

1. maintenance factor
2. u t i l i z a t i o n  g r a p h
3. isofootcandle diagram
4. pho tomet r i c  t e s t  da ta

1-51. Which of the following
maintenance factors may be used
for an open floodlamp when the
m a n u f a c t u r e r ' s  l i t e r a t u r e  i s  n o t
ava i l ab le?

1. 0.50 1-55. The power source for securi ty
2. 0.56 l ight ing systems should be
3. 0.65 independen t  o f  a l l  o the r
4. 0.76 l igh t ing  sys t ems .

Learning Objective: Iden t i fy
the components  and controls  for
s e c u r i t y  l i g h t i n g .

1-52. S e c u r i t y  l i g h t i n g  a t  a c t i v i t i e s
should provide enough l ight  to
do which of  the fol lowing tasks?

1. Iden t i fy  pe r sonne l
2. P r e v e n t  i l l e g a l  e n t r y
3. De tec t  in t ruders
4. All  of  the above

1-53. Which of the following
statements concerning the
con t inuous  type  o f  secur i ty
l igh t ing  sys t ems  i s  co r rec t?

1. The system is on 24 hours
a day

2. The system is on during
the hours of  darkness only

3. The system is  act ivated
by motion detectors

4. The system is powered by
emergency generators only

1-54. Which of the following
pub l i ca t ions  p rov ides  the
s p e c i f i c a t i o n s  f o r  s e c u r i t y
l igh t ing?

1. IES Lighting Handbook
2. Navy Physical  Securi ty

Manual
3. NAVFAC MO-200
4. NAVFAC MO-117

1. True
2. False

1-56. The switches and controls  for
secu r i ty  l i gh t ing  shou ld  be
located in which of  the
following areas?

1. Near the main gate
2. Inside the emergency

generator room
3. Ins ide  a  cen t ra l ly  loca ted

guard  s t a t ion
4. Both 2 and 3 above
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A s s i g n m e n t  2

Textbook Assignment: "Ai r f i e ld  L igh t ing . " Pages 2-1 through 2-24. " E l e c t r i c a l
Load Requirements." Pages 3-1 through 3-10.

Learning Objective: Recognize
the various components  in an
a i r f i e l d  l i g h t i n g  s y s t e m .

2-1. A i r f i e l d  l i g h t i n g  c o n f i g u r a t i o n s
on naval  bases in the United
States and overseas conform to
those  s t anda rds  e s t ab l i shed  by

1. the Federal  Aviat ion
Administrat ion

2. Ai r  Force  regu la t ions
3. the Department of

Transpor ta t ion
4. in te rna t iona l  ag reement

2-2. Which of  the fol lowing types of
a i r f i e lds  i s  des igned  to  be  used
by a detachment of KC-130 tanker
a i r c r a f t ?

1. Ver t i ca l  t akeof f  and  l and ing
(VTOL)

2. S t ra t eg ic  exped i t iona ry
landing field (SELF)

3. Both 1 and 2 above
4. Ver t i ca l  shor t  t akeof f  and

landing (VSTOL)

2-3. Which, i f  any , o f  the  fo l lowing
components  is  located in the
a i r f i e l d  l i g h t i n g  v a u l t ?

1. L igh t ing  con t ro l  pane l
2. Emergency generator
3. Master  sequence t imer
4. None of the above

2-4. The l ight ing vaul t  should be
located approximately how many
feet  from the runway to prevent
in te r fe rence  wi th  opera t ions?

1. 1,500
2. 2,000
3. 2,500
4. 3,000

2-5. I f  t h e  c o n t r o l  c a b l e  l e a d s
te rmina te  in to  ac tua t ing  co i l s
o f  t h e  p i l o t  r e l a y s ,  a t  w h a t
maximum number of feet from the
l igh t ing  vau l t  can  the  con t ro l
tower be located?

1. 5,875
2. 7,350
3. 8,250
4. 10,000

2-6. When you are grounding the
l igh t ing  vau l t ,  approx ima te ly
how many feet apart should you
place the ground rods?

1 . 5
2 . 6
3 . 7
4 . 8

2-7. What is  the primary purpose of
the  i so la t ion  t r ans fo rmer?

1. To maintain constant  current
i n  a  s e r i e s  c i r c u i t

2. To maintain constant  current
i n  a  p a r a l l e l  c i r c u i t

3. To maintain a  closed loop in
the  p r imary  o f  a  se r i e s
c i rcu i t  when  a  l amp fa i lu re
occurs

4. To maintain a  closed loop
in  the  p r imary  o f  a  pa ra l l e l
c i rcu i t  when  a  l amp fa i lu re
occurs

2-8. What voltages are found on
t h e  b u s  b a r s  i n  t h e  a i r f i e l d
l i g h t i n g  v a u l t ?

1. 2,400 volts and 240/120
v o l t s

2. 4,160 volts and 240/120
v o l t s

3. 2,400 volts and 480/240
v o l t s

4. 2,400/4,160 vol ts  and
480/240 vol ts
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2-9.

2-10.

2-11.

2-12.

2-13.

An automatic changeover switch
i s  u s e d  t o

1. pick up emergency power
2. t r a n s f e r  v a u l t  c o n t r o l  t o

the tower
3. tu rn  on  the  beacon  l igh t  a t

dusk
4. s h i f t  c o n t r o l  t o  t h e  p i l o t

relays

Why are constant-current
r e g u l a t o r s  u s e d  i n  a n  a i r f i e l d
l ight ing system?

1. To isolate the primary
circuit  from the runway
light

2. To provide constant power
to  the  con t ro l  tower

3. To  p reven t  shor t - c i r cu i t
f au l t s  i n  the  runway  l igh t s

4. To maintain correct  output
level, depending on the load

Which of the following devices
a re  used  to  ob ta in  a  cons tan t -
cu r ren t  ou tpu t  i n  the  l i gh t ing
circuit?

1. Sa tu rab le  reac to r s
2. Resonant  circui ts
3. Moving transformer cores
4. Silicon-controlled

rectifiers

Which of the following devices
compensate for voltage drop in
an  a i r f i e ld  l i gh t ing  con t ro l
circuit?

1. Cons tan t -cu r ren t  r egu la to r s
2. Transformers
3. Low-burden pilot relays
4. Coaxial cables

The runway lights may be
controlled from two different
locat ions. What device
determines which locat ion is
used?

1. Transfer-relay cabinet
2. P i lo t - r e l ay  cab ine t
3. Changeover switch
4. Master sequence timer

Learning Objective: I d e n t i f y
the  ins t a l l a t ion  and  ma in tenance
procedures  and  sa fe ty  p re -
c a u t i o n s  r e l a t e d  t o  a i r f i e l d
l igh t ing  sys t ems .

2-14

2-15.

2-16.

2-17.

2-18.

2-19.

What color are runway edge
lights?

1. White (c lea r )
2. Green
3. Red
4. Blue

Runway edge l ights  are equally
spaced along both s ides of  the
runway at  distances not  to
exceed how many feet?

1. 100
2. 200
3. 300
4. 400

The minimum loading for airfield
l igh t ing  cons tan t - cu r ren t
regu la to r s  i s  wha t  pe rcen t  o f
the  r a t ed  k i lowa t t  ou tpu t?

1. 25
2. 50
3. 75
4. 85

What color  identif ies  taxiway
lights?

1. White (clear)
2. Green
3. Red
4. Blue

What is  the preferred length of
an approach lighting system?

1. 500 f t
2. 1,000 f t
3. 1,500 f t
4. 3,000 f t

The visual approach slope
indicator  (VASI) l ighting system
a s s i s t s  t h e  p i l o t  t o

1. de te rmine  the  s t a r t  o f  the
runway

2. make a ground-controlled
approach landing

3. make a visual-gl ide-slope
approach landing

4. determine the length of  the
runway
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2-20.

2-21.

2-22.

2-23.

2-24.

The power for the runway-
d i s t ance -marke r  l i gh t s  shou ld
be supplied by

1. the  approach  l igh t ing
c i r c u i t

2. t h e  t a x i w a y  l i g h t i n g  c i r c u i t
3. t he  th re sho ld  l i gh t ing

c i r c u i t
4. a  s e p a r a t e  s e r i e s  c i r c u i t

The  purpose  o f  th resho ld  l igh t s
i s  t o  mark

1. obs t ruc t ions  a t  t he  end  o f
the runway

2. the  en t rance  to  the  t ax iway
3. the  over run  a rea  o f  the

runway
4. the beginning and ending of

the runway

What  co lo r  iden t i f i e s
o b s t r u c t i o n  l i g h t s ?

1. White (clear)
2. Green
3. Red
4. Blue

How many feet apart should
obstruct ion l ights  be mounted
on  a  750- foo t  t r ansmi t t ing
tower?

1. 100
2. 150
3. 200
4. 250

Which of  the fol lowing
d e s c r i p t i o n s  c o r r e c t l y  p o r t r a y s
a n  a i r p o r t  b e a c o n  l i g h t  f o r  a
m i l i t a r y  a i r  s t a t i o n ?

1. Red and green
2. Red and white
3. Green and double-peaked

white
4. Blue and double-peaked

white

2-25. A hazard beacon light mounted
on a smokestack flashes how many
times per minute?

1. 18
2. 26
3. 45
4. 60

2-26.

2-27.

2-28.

A  beacon  l igh t  loca ted  l e s s  than
800  fee t  f rom the  vau l t  i s
usual ly supplied with which of
the fol lowing power supplies?

1. 80/110 vol ts
2. 120/24O volts
3. 249/480 volts
4. 2 ,400  vo l t s

The  1 ,000- foo t  l igh t  ba r  o f  a
s t r o b e  l i g h t  s y s t e m  i s  a l s o
known as the

1. downwind bar
2. upwind bar
3. abort  bar
4. decision bar

The strobe l ight  system may be
turned on and off  independently
o r  con t ro l l ed  by  wha t  l i gh t
switch?

1. Approach
2. Threshold
3. Runway
4. Taxiway

2-29. A strobe l ight  in a runway
lighting system peaks at  what
candlepower?

2-30

2-31

1. 3,000
2. 30,000
3. 3,000,000
4. 30,000,000

What component controls the
f i r ing  sequence  o f  the  s t robe
lights?

1. Fu l l -wave  b r idge  rec t i f i e r
2. 120-volt  ac t iming signal
3. Autotransformer
4. 22-ki lohm resis tor

The purpose of  the green l ight
mounted on the s trobe l ight
loca l  r emote  con t ro l  pane l  i s
t o  i n d i c a t e  t h a t

1. the  un i t  i s  swi t ched  to
loca l  con t ro l

2. the  un i t  i s  swi t ched  to
remote control

3. t h e r e  i s  a  f a u l t  i n  t h e
system

4. one or  more strobe l ights
have burned out
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2-32. The main power transformer in
the  mon i to r  and  con t ro l  chass i s
o f  a  s t robe  sys t em i s  ene rg ized
by what power supply?

1. 95-volt dc
2. 120-volt  ac
3. 120-volt dc
4. 240-volt  ac

2-33. The adjusted resistance of  7,333
ohms in the monitoring circui t
o f  a  s t robe  sys tem i s  equa l  to

1. a 22-kilohm resistance at
the  l i gh t  un i t

2. two 22-ki lohm resis tors  in
pa ra l l e l

3. th ree  22-k i lohm res i s to r s
in  pa ra l l e l

4. three 22-kilohm resistors
i n  s e r i e s - p a r a l l e l

2-34. To turn off  the "lamps out"
a la rm in  the  s t robe  l igh t
circuit,

1. move the selector switch
to the next  posi t ion

2. r e a d j u s t  t h e  s e n s i t i v i t y
rheostat

3. change  the  va r i ab le  r e s i s to r
4. change the voltage set t ing

taps on the transformer

2-35. When the master sequence timer
i s  c o n t r o l l i n g  t h e  s t r o b e  l i g h t
system, each contact closes how
many times per second?

1. One
2. Two
3. Three
4. Four

2-36. During visual  inspect ions of
a i r f i e ld  l i gh t ing  sys t ems ,
cables should be checked for

1. cuts and bruises
2. proper size
3. proper length
4. correct  locat ion

2-37. During maintenance, molded plug
connectors are connected,
seated, and then

1. instal led
2. checked for moisture
3. taped
4. tested with a  hi-pot

2-38. For how many continuous hours
shou ld  each  a i r f i e ld  l i gh t ing
circuit  be operated at  maximum
br igh tness  du r ing  an  ope ra t iona l
check?

1. 1
2. 2
3. 6
4. 8

2-39. The normal amount of time
requ i red  fo r  a  f l a sh  capac i to r
to bleed down is

1. 5 seconds
2. 10 seconds
3. 1 minute
4. 5 minutes

2-40. The normal radius for  an
underground cable bend is how
many t imes the cable diameter?

1. 3 t o 5
2. 5 t o 12
3. 7 t o 9
4. 9 t o 12

2-41. What danger exists if too many
lamps burn out in the secondary
of  an  a i r f i e ld  l igh t ing  sys tem?

1. The isolat ion transformer
wil l  overload

2. The remaining lamps will
dim

3. The primary current may rise
high enough to damage the
regulator

4. The excessive voltage could
damage the distr ibut ion
transformer

2-42. I f  a  s t r i n g  o f  l i g h t s  i n  a
circuit does NOT light, more
than l ikely, t h e  t r o u b l e  i s

1. an open circui t
2. a short to ground
3. a  c ross  c i r cu i t
4. improper power

2-43. The maximum run of ducted cable
between manholes is how many
feet?

1. 500
2. 600
3. 750
4. 1,000
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2-44.

2-45.

2-46.

2-47.

Learning Objective: Point  out
the  r equ i remen t s  in  the
ins t a l l a t ion  o f  a  dwe l l ing
feeder system.

The  to ta l  load  o f  a  dwel l ing
unit  can be divided into how
many categories?

1 . One
2 . Two
3. Three
4 . Four

The NEC® s t a t e s  t h a t  r e c e p t a c l e s
rated 20 amperes or  less may be
calculated with what  load
category?

1 . Laundry load
2 . Small  appliance load
3 . Spec ia l  app l i ance  load
4 . Genera l  l i gh t ing  load

The  genera l  l i gh t ing  load  fo r
a  35- foo t  by  60- foo t  s ing le
dwelling is how many volt-
amperes (VA)?

1 . 2,100
2 . 4,200
3 . 5,500
4 . 6,300

How many 20-ampere branch
c i r c u i t s  m u s t  b e  i n s t a l l e d  i n
t h e  k i t c h e n ,  p a n t r y ,  b r e a k f a s t
room, and dining room only?

1 . One
2 . Two
3 . Three
4 . Four

2-48. The  l aundry  b ranch  c i rcu i t  in  a
dwe l l ing  shou ld  usua l ly  se rve  a t
l e a s t  o n e  a d d i t i o n a l  r e c e p t a c l e
bes ides  the  l aundry  recep tac le .

1 . True
2 . Fa l se

2-49. Which, i f  any , o f  the  fo l lowing
appliances may be supplied by
t h e  g e n e r a l  l i g h t i n g  c i r c u i t s ?

2-50.

2-51.

2-52.

2-53.

2-54.

2-55.

Determine the general  l ighting
and  recep tac le  load  fo r  a
dwell ing that  has a 6,300-VA
lighting load,  two 1,500-VA
appl iance  c i r cu i t s ,  and  one
1,500-VA laundry circuit .

1. 3,000 VA
2. 4,250 VA
3. 5,730 VA
4. 7,800 VA

Which of the following demand
fac to r s  may  be  app l i ed  i f  the re
are four or more f ixed
app l i ances  on  a  b ranch  c i rcu i t ?

1. 66  pe rcen t
2. 75  pe rcen t
3. 80 percent
4. 100 percent

What is the demand load, in
k i l o w a t t s , fo r  one  c lo thes  d rye r
r a t e d  a t  5  k i l o w a t t s ?

1. 4 .5
2. 5 .0
3. 6 .0
4. 7 .5

What is  the demand load,  in
k i l o w a t t s , fo r  a  12-k i lowat t
househo ld  e lec t r i c  r ange?

1. 8
2. 8 3/4
3. 9  1 /2
4. 12

Which of the following demand
factors should you use when you
de te rmine  the  b ranch  c i rcu i t
conduc to r  s i ze  fo r  hea t ing
equipment?

1. 75 percent
2. 100 percent
3. 125 percent
4. 150 percent

Al l  motor  loads  a re  c l a s s i f i ed
as

1. i n t e r m i t t e n t  d u t y
2. heavy duty
3. noncontinuous duty
4. cont inuous duty

1 . Garbage disposal
2 . Dishwasher
3 . Ai r  cond i t ioner
4 . None of the above
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IN ANSWERING QUESTIONS 2-56 THROUGH
2-62, REFER TO THE APPROPRIATE DEMAND
TABLES IN CHAPTER 3 OF THE TEXT AND USE
THE FOLLOWING INFORMATION:

A ce r t a in  2 ,100-sq- f t  dwe l l ing  has  two
smal l  app l i ance  c i r cu i t s  and  one
laundry  c i r cu i t  w i th  the  fo l lowing
s p e c i a l  a p p l i a n c e  c i r c u i t s :

2-56.

2-57.

2-58.

2-59.

One 9 -kVA range
One 1.5-kVA dishwasher
One 5.5-kVA water heater
One 15 -kVA central heater

What is the minimum size branch
c i r c u i t  r e q u i r e d  t o  s u p p l y  t h e
e l e c t r i c  r a n g e ?

1. 35 amperes
2. 40 amperes
3. 50 amperes
4. 60 amperes

What is the minimum size branch
c i r c u i t  r e q u i r e d  t o  s u p p l y  t h e
wate r  hea te r?

1. 25 amperes
2. 30 amperes
3. 35 amperes
4. 40 amperes

What is the minimum size branch
c i rcu i t  r equ i red  to  supp ly  the
c e n t r a l  h e a t e r ?

1. 60 amperes
2. 70 amperes
3. 80 amperes
4. 90 amperes

The most  important  point  to
remember when determining the
s ize  o f  the  se rv ice -en t rance
conduc to r s  i s  t o

1. s ize the conductors  one size
la rge r  than  necessa ry  to
al low for expansion

2. s ize the conductors  two
s izes  l a rge r  than  necessa ry
to al low for  expansion

3. ensure that  the conductors
are large enough to carry
the load

4. ensure that  the conductors
are large enough to carry
80  pe rcen t  o f  the  to t a l
demand

2-60.

2-61.

2-62.

A service-entrance conductor for
a  s ing le - fami ly  dwel l ing  wi th
s ix  o r  more  two-wi re  c i rcu i t s  i s
requ i red  to  have  a  th ree -wi re
service and a minimum of how
many amperes?

1. 60
2. 100
3. 125
4. 200

If  phase A on a 240-volt ,
s ing le -phase - sys tem ca r r i e s  a
60-ampere, 120-volt  load,  and
phase B carries an 80-ampere
120-volt load, what maximum
cur ren t  ( in  amperes )  i s  the
neu t ra l  conduc to r  r equ i red  to
carry?

1. 20
2. 60
3. 80
4. 140

When computing the size of the
neutral  conductor ,  you can omit
a l l  s ing le -phase  and  th ree -phase
240-volt  loads except  feeders
supplying which of  the fol lowing
appliances?

1. Electric ranges
2. Water heaters
3.
4.

Central  heaters
Air  condit ioners
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A s s i g n m e n t  3

Textbook Assignment: "Electrical  Load Requirements." Pages 3-10 through 3-15.
"So l id -S ta te  Dev ices  and  Ci rcu i t s . " Pages 4-1 through 4-32.

Learning Objective: Iden t i fy
the  r equ i remen t s  in  the
i n s t a l l a t i o n  o f  a n  i n d u s t r i a l
feeder systems.

3-1 . A load is  considered continuous
du ty  i f  t he  app l i ance  o r  moto r
operates a minimum of how many
continuous hours?

1. 6
2. 2
3. 3
4. 8

3-2. Receptacle loads may be included
in  the  l i gh t ing  load
c a l c u l a t i o n s  f o r  i n d u s t r i a l
a r e a s .

1. True
2. Fa l se

3-3 . Any  l igh t ing  loads  iden t i f i ed  a s
continuous duty must be computed
a t  wha t  pe rcen tage  o f  the  to ta l
connected load?

1. 75 percent
2. 100 percent
3. 125 percent
4. 150 percent

3-4 . What  i s  the  load  fo r  20  fee t  o f
mul t i -ou t l e t  a s sembl i e s  se rv ing
l i g h t , noncontinuous loads?

1. 720 VA
2. 900 VA
3. 1,800 VA
4. 3,600 VA

3-5 . What  i s  the  to t a l  connec ted  load
for  16  recep tac les  se rv ic ing
loads used 8 hours each day?

1. 2,355 VA
2. 2,880 VA
3. 3,600 VA
4. 4,200 VA

3-6.

3-7.

3-8.

If  the conductors  are supplying
a  g roup  o f  motors ,  the  co r rec t
p rocedure  fo r  ca lcu la t ing
conductor  s ize is  to compute

1. t h e  f u l l - l o a d  c u r r e n t  r a t i n g
of  the  l a rges t  moto r  p lus
125 percent of the sum of
t h e  f u l l - l o a d  c u r r e n t  r a t i n g
of the remaining motors

2. the  sum of  the  fu l l - load
cur ren t  r a t ing  o f  the  two
largest  motors  plus the sum
o f  t h e  f u l l - l o a d  c u r r e n t
ra t ing  o f  the  r emain ing
motors

3. the  sum of  the  fu l l - load
c u r r e n t  r a t i n g  o f  a l l  o f  t h e
motors only

4. 125  pe rcen t  o f  the  fu l l - load
c u r r e n t  r a t i n g  o f  t h e
largest  motor plus the sum
o f  t h e  f u l l - l o a d  c u r r e n t
ra t ing  o f  the  r emain ing
motors

The  to ta l  vo l t age  d rop  o f  a
combination feeder/branch
circuit  should not  exceed what
maximum percentage?

1. 5 percent
2. 2 percent
3. 3 percent
4. 6 percent

I f  t h e  v o l t a g e  d r o p  i n  a  c i r c u i t
exceeds  the  p resc r ibed  l imi t s ,
wha t  co r rec t ive  ac t ion  can  be
taken?

1. The supply voltage can be
increased

2. A larger size conductor can
b e  i n s t a l l e d

3. The  c i rcu i t  l eng th  can  be
shortened

4. Either 2 or  3 above,
whichever seems more
f e a s i b l e
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3-9.

3-10.

3-11.

3-12.

Learning Objective: Recognize
the  func t ion ,  ope ra t ion ,  and
i n s t a l l a t i o n  o f  g r o u n d  f a u l t
i n t e r r u p t e r  ( G F I )  c i r c u i t
breakers.

3-13. For  genera l  wi r ing  in  a  C lass  I ,
division 1 location,  the NEC®
permits  the use of  which of  the
fo l lowing  types  o f  condu i t ?

1. Rigid metal l ic  conduit
2. Rigid nonmetal l ic  conduit
3. E l e c t r i c a l  m e t a l l i c  t u b i n g
4. All  of  the above

A ground  fau l t  in te r rup te r  (GFI )
opera te s  on  the  p r inc ip le  o f  an
imbalance of current  between the
l ine conductor  and

1. ano the r  l ine  conduc to r
2. the grounding conductor
3. the grounding electrode

conductor
4. the  neu t ra l  conduc to r

3-14. When  ins t a l l i ng  f l ex ib le
connect ions to motors  located
in  C lass  I I ,  D iv i s ion  1
locations, you may use which of
the  fo l lowing  types  o f
materials?

Which, i f  any , o f  the  fo l lowing
recep tac les  i s  r equ i red  to  be
pro tec ted  by  a  GFI  c i rcu i t
breaker or GFI receptacle?

1. Flexible metal  conduit
2.
3.

Hard usage cord
Type AC armored cable

4. L iqu id - t igh t  f l ex ib le  me ta l
conduit

3-15.

1. Receptacle supplying a gas
dryer

2. Recep tac le  ins ta l l ed  in
a bathroom

3. Receptacle supplying a
garage door opener

4. None of the above

I f  a  condu i t  i s  run  th rough  an
enclosure containing spark-
producing devices,  a  conduit
sea l  has  to  be  in s t a l l ed  no
fa r the r  f rom the  enc losure  than
a maximum of how many inches?

1. 12
2. 18
3. 24
4. 30

Learning Objective: Iden t i fy
res t r i c t ions  p laced  on
e l e c t r i c a l  s y s t e m s  i n s t a l l e d
in hazardous locat ions.

3-16. What grounding techniques are
used in hazardous locat ions?

Locations where flammable gases
or vapors are normally present
in  the  a i r  a re  des igna ted  as

1. Double locknuts only
2. Locknut and bushing only
3. Bonding jumpers
4. Double locknuts and bushing

1. Class I , Division 1
2. Class I , Division 2
3. Class II , Division 1
4. Class  I I I , Division 2

Learning Objective: I d e n t i f y
semiconductors used in
e l e c t r o n i c  c i r c u i t s .

4 f lammable storage locker is 3-17.
considered a

Se lec t  the  purpose ( s )  o f  the
r e c t i f i e r  d i o d e .

1. Class I, D iv i s ion  1  loca t ion
2. Class I, D iv i s ion  2  loca t ion
3. Class II , Division 1

location
4. Class II , Division 2

location

1. T o  a m p l i f y  o n l y
2. To rectify only
3. To rectify and amplify
4. To switch
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3-18. Which of  the fol lowing is
the schematic symbol of  the
r e c t i f i e r  d i o d e ?

3-19.

3-20.

3-21.

What is  the total  number of
connections in a zener diode?

1. One
2. Two
3. Three
4. Four

What is  the purpose of  the zener
d iode  in  an  e l ec t ron ic  vo l t age
regulator?

1. To  p rov ide  vo l t age  re fe rence
2. To  regu la te  ou tpu t  vo l t age
3. To provide frequency

reference
4. To compensate for low supply

voltage

An SCR operates much like an
o r d i n a r y  r e c t i f i e r  d i o d e  e x c e p t
that it

1. conduc t s  cu r ren t  i n  on ly  one
direction

2. r e q u i r e s  r e v e r s e  b i a s  t o
operate

3. has a lower breakdown
voltage

4. must  be f i red to conduct

3-22. An SCR is turned on by a
pos i t ive  pu l se  o f  cu r ren t
app l i ed  to  the  ga te  l ead . What
act ion turns off  the SCR?

3-23.

3-24.

1. Removing the posi t ive pulse
from the gate lead

2. I n s e r t i n g  a  p o s i t i v e  p u l s e
on  the  ga te  l ead

3. Revers ing  the  cu r ren t  o f  the
main power supply

4. Inc reas ing  the  cu r ren t  o f
the main power supply unti l
the SCR saturates

Trans i s to r s  a re  used  to  ampl i fy
a l l  o f  t h e  f o l l o w i n g  f a c t o r s
EXCEPT

1. r e s i s t a n c e
2. c u r r e n t
3. voltage
4. power

What are the three elements
o f  a  t r a n s i s t o r ?

1. Emi t te r , co l l ec to r ,  and  base
2. Anode, base, and  co l l ec to r
3. Ca thode ,  base ,  and  co l l ec to r
4. C o l l e c t o r ,  e m i t t e r ,  a n d

cathode

3-25. How, i f  a t  a l l ,  d o e s  t h e
un i  j unc t ion  t r ans i s to r  ( U J T)
d i f fe r  f rom a  conven t iona l
transistor?

1. The UJT has two collectors
2. The UJT has a second base

i n s t e a d  o f  a  c o l l e c t o r
3. The UJT has a second emitter

i n s t e a d  o f  a  c o l l e c t o r
4. There  i s  no  d i f fe rence

3-26. The UJT has which of the
fol lowing advantages over
t h e  t r a n s i s t o r ?

1. Fewer terminals
2. Larger bandpass
3. Less bias requirement
4. Increased temperature

stability
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3-27. A device that combines both
act ive and passive components  of
a  comple te  c i r cu i t  i n  a  s ing le
c h i p  i s  c a l l e d

1. mic roe lec t ron ics
2. a n  i n t e g r a t e d  c i r c u i t
3. a  p r in ted  c i r cu i t  boa rd
4. an  in t eg ra ted  c i r cu i t  boa rd

Learning Objective: Point  out
t h e  a p p l i c a t i o n s  o f  s o l i d - s t a t e
components used in NCF
equipment.

3-28. The primary function of  the
r e c t i f i e r  s e c t i o n  o f  a  p o w e r
supp ly  i s  t o

1. increase average voltage
output

2. decrease average voltage
output

3. convert  dc to ac
4. convert  ac to dc

3-29. A  b r i d g e  r e c t i f i e r  c i r c u i t  c a n
b e  e a s i l y  i d e n t i f i e d  b e c a u s e  i t
con ta ins

1. a transformer and four
diodes

2. two diodes with a cross
r e s i s t o r

3. three diodes
4. a  cen te r - t apped  t r ans fo rmer

3-30. Which of the following
cond i t ions  wou ld  ex i s t  i f  one
d i o d e  i n  a  b r i d g e  r e c t i f i e r
c i r c u i t  f a i l e d ?

1. No output voltage
2. No change in output voltage
3. Hal f -wave  rec t i f i e r  ou tpu t

vo l t age
4. Fu l l -wave  rec t i f i e r  ou tpu t

voltage

3-31. The  e r ro r  s igna l  app l i ed  to  the
e r r o r  a m p l i f i e r  c i r c u i t  o f  a n
SCR voltage regulator  consists
o f  the  d i f fe rence  be tween  the
rec t i f i ed  genera to r  ou tpu t  and
a voltage developed across the

3-32. In an SCR voltage regulator,
wha t  i s  the  func t ion  o f  the
e r ro r  ampl i f i e r?

1. To provide the regulator
with proper voltage

2. To provide phase angle
control  for  f i r ing the SCRs

3. To sense output  vol tage
4. To sense deviat ion in

genera to r  vo l t age

3-33. The value of  current  supplied to
the exciter  f ield depends upon
the

1. resistance-capacitance (RC)
network

2. s e r i e s - b o o s t  c i r c u i t
3. conduction time of the SCRs
4. capac i t ance  o f  the  exc i t e r

f i e l d

3-34. Which circuit  of  the SCR voltage
regu la to r  p reven t s  over -
cor rec t ion  fo r  a  change  in
generator  voltage?

1. Power  inpu t  c i r cu i t
2. Sens ing  c i r cu i t
3. S t a b i l i t y  c i r c u i t
4. E r r o r  d e t e c t o r  c i r c u i t

3-35. What is the purpose of the K1
relay in an SCR voltage
regu la to r?

1. To  con t ro l  exc i t e r  f i e ld
cur ren t

2. To prevent buildup of
e x c i t e r  f i e l d  v o l t a g e

3. To provide a current  path
to the SCRs

4. To provide automatic voltage
buildup

3-36. The paral lel  compensation
circuit  of  an SCR voltage
regu la to r  a l lows  the  pa ra l l e l ed
genera to r  to

1. e s t ab l i sh  the  g r id  f r equency
2. es t ab l i sh  the  g r id  vo l t age
3. sha re  the  r eac t ive  load
4. sha re  the  r e s i s t ive  load

1. g e n e r a t o r  f i e l d
2. s t a b i l i z i n g  c i r c u i t
3. vo l t age -ad jus t  rheos ta t
4. zener diode
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3-38.

3-37. T h e  r e a c t i v e  d i f f e r e n t i a l
compensat ion circui t  can be used
only when al l  the generators
connec ted  in  pa ra l l e l  have
i d e n t i c a l  p a r a l l e l i n g  c i r c u i t s
inc luded  in  the  loop .

1. True
2. False

F i e l d  c u r r e n t  r e g u l a t i o n  i n  a
t r a n s i s t o r  v o l t a g e  r e g u l a t o r  i s
accomplished by using

1. an SCR
2. a  sa tu rab le  core  t r ans fo rmer
3. high-voltage diodes
4. a  s e r i e s  c u r r e n t  r e s i s t o r

3-39. Power  fo r  the  sa tu rab le  core
t rans fo rmer  i s  ob ta ined  f rom the

1. sensing transformer
2. power  ou tpu t  t r ans i s to r s
3. cur ren t  t r ans fo rmers
4. l i n e a r  r e a c t o r

3-40. The purpose of  the amplif ier
c i r c u i t  i n  a  t r a n s i s t o r  v o l t a g e
r e g u l a t o r  i s  t o

1. p rov ide  cu r ren t  to  the
e x c i t e r  f i e l d

2. ampl i fy  the  re fe rence
vo l t age

3. d e t e c t  d e v i a t i o n  i n
genera to r  vo l t age

4 . c o n t r o l  e x c i t e r  f i e l d
c u r r e n t

3-41. The  ac tua l  genera to r  ou tpu t
vo l t age  i s  de te rmined  by  the

1. zener-diode bridge
2. o p e r a t o r ' s  v o l t a g e - a d j u s t

r h e o s t a t
3. vector-summing circuit
4. vo l t age - feedback  rheos ta t

3-42. T h e  i n i t i a l  f i e l d  c u r r e n t  f o r
e x c i t i n g  t h e  g e n e r a t o r  i s
p rov ided  by  a  f i e ld - f l a sh ing
c i r c u i t  f r o m  t h e

1. s t a t i c  e x c i t e r
2. o u t p u t  r e c t i f i e r s
3. sa tu rab le  core  t r ans fo rmer
4. bat tery bank

IN ANSWERING QUESTIONS 3-43 THROUGH
3-47, SELECT FROM COLUMN B THE FUNCTION
OF THE PROTECTIVE RELAY LISTED IN
COLUMN A. RESPONSES IN COLUMN B MAY BE
USED MORE THAN ONCE.

A. PROTECTIVE B. FUNCTIONS
RELAYS

3-43. Overvoltage 1. Pro tec t
the load

3-44. Undervoltage
2. Pro tec t

3-45. Underfrequency the
genera to r

3-46. Reverse-power

3-47. Overload

3-48. An undervoltage relay wil l
operate when the generator
vo l t age  dec reases  to  approx i -
mately what percentage of
ra t ed  ou tpu t  vo l t age?

1 . 6 5
2 . 7 5
3 . 8 5
4 . 9 5

3-49. When the load of a generator
exceeds 130 percent  of  the rated
c u r r e n t , which of  the fol lowing
even t s  occur ( s )?

1. Engine secures
2. Annuniciator  alarms
3. Generator breaker opens
4. Both 2 and 3 above

Learning Objective: Recognize
proper  t echn iques  fo r  t roub le -
shoo t ing  e l ec t ron ic  dev ices  and
c i r c u i t s .

3-50. Compared to the vacuum tube, the
so l id - s t a t e  dev ice  has  which  o f
the  fo l lowing  l imi ta t ions?

1. More sensi t ive to
temperature

2. Use  l imi ted  to  radar
equipment

3. D i f f i c u l t  t o  a d a p t  t o
commercial products

4. Each of the above
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3-51. To  check  t r ans i s to r s ,  you  shou ld
avoid using an ohmmeter  that  is
capab le  o f  p rov id ing  a  cu r ren t
of more than

1. 0.1 mill iampere
2. 1.0 mill iampere
3. 10.0 mill iamperes
4. 1.0 ampere

3-52. Which  o f  the  fo l lowing  t e s t s  i s
a convenient method of checking
a  r e c t i f i e r  d i o d e ?

1. The subst i tut ion of  a  new
diode  fo r  the  ques t ionab le
one

2. A dynamic electr ical  check
w i t h  a  d i o d e  t e s t  s e t

3. A forward and reverse
res i s t ance  check  wi th  an
ohmmeter

4. A forward and reverse
res i s t ance  check ,  us ing
two different  ohmmeters

3-53. When test ing a zener diode,  you
should use a variable dc power
supply to

1. l imi t  cu r ren t  t h rough  the
zener diode

2. supply enough current  to
cause the zener diode to
conduct

3. supply enough voltage to
cause the zener diode to
conduct

4. i so la t e  the  zene r  d iode
from chassis ground

3-54. Which, i f  any , of  the fol lowing
actions would cause an SCR to
conduc t  when  i t  i s  t e s t ed  wi th
an ohmmeter?

1. Short ing the anode to the
cathode

2. Short ing the anode to the
ga te

3. Shor t ing  the  ca thode  to  the
ga te

4. None of the above

3-55. A h igh  res i s t ance  read ing  ac ross
base 1 and base 2 of a
un i  j unc t ion  t r ans i s to r  i nd ica t e s
t h a t  t h e  t r a n s i s t o r  i s

3-56. O f  a l l  t h e  t e s t s  u s e d  i n
t roub leshoo t ing  t r ans i s to r s ,
which two are the most
important?

1. Gain and leakage
2. Gain and breakdown
3. Breakdown and switching
4. Leakage and breakdown

3-57. Which of the following
conditions would cause a
t r a n s i s t o r  t o  t e s t  b a d  i n  t h e
circuit but good when removed
f rom the  c i rcu i t ?

1. A low-impedance shunt path
a round  the  t r ans i s to r

2. A  f a u l t  i n  t h e  c i r c u i t
3. Excess leakage in the

t r a n s i s t o r
4. All  of  the above

3-58. Al though  no t  spec i f i ca l ly
d e s i g n e d  f o r  i t ,  t h e  t r a n s i s t o r
t es te r  wi l l  t e s t  SCRs  fo r  which
of the fol lowing condit ions?

1. Breakdown and leakage
2. Switching and leakage
3. Switching and breakdown
4. All  of  the above

3-59. When  the  t r ans i s to r  t e s t e r  i s
being used, if an SCR is
shor ted , bo th  pos i t i ons  o f  t he
t e s t  w i l l  i n d i c a t e

1. low leakage
2. high leakage
3. low resistance
4. h igh  re s i s t ance

3-60. A device that  can be of great
va lue  in  t roub le shoo t ing
i n t e g r a t e d  c i r c u i t s  ( I C s )  i s
the

1. ohmmeter
2. t r a n s i s t o r  t e s t e r
3. logic probe
4. osc i l lo scope

1. open
2. shorted
3. grounded
4. good
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3-61.

3-62.

3-63.

What  i s  the  p r inc ipa l  use  o f  the
ca thode- ray  tube  osc i l loscope?

1. Ana lys i s  o f  vo l t age
waveforms

2. Analysis  of  Current
waveforms

3. Measurement of frequency
of rotat ing machines

4. Measurement of microwave
energy

In  a  dua l - t r ace  osc i l loscope  the
h o r i z o n t a l  a x i s  r e p r e s e n t s
ampl i tude  in  vo l t s ,  and  the
v e r t i c a l  a x i s  r e p r e s e n t s  t i m e  i n
seconds.

1. True
2. Fa l se

The  osc i l loscope  t e s t  p robe
shou ld  be  ca l ib ra t ed  be fo re
each  use  to

1. reduce high capacitance
in  RC c i rcu i t s

2. block frequency signals
above 500 MHz

3. reduce high inductance
in  RL c i rcu i t s

4. prevent  waveform distort ion

3-64. I t  i s  a lways  necessa ry  to  g round
each  t e s t  p robe  to  p reven t
interference or other waveform
dis to r t ion  on  h igh- f r equency
s i g n a l s .

1. True
2. False

3-65. To  ana lyze  an  e lec t ron ic  c i rcu i t
e f fec t ive ly  wi th  an
osc i l lo scope , you  mus t  f i r s t
de te rmine  the  cor rec t

1. vo l t age  requ i rements  fo r
each component

2. cur ren t  r equ i rements  fo r
each component

3. waveform by consulting the
m a n u f a c t u r e r ' s  l i t e r a t u r e

4. waveform by comparison with
similar  equipment

3-66. Capacitor  fai lures are commonly
caused by which of  the fol lowing
cond i t ions?

1. Excess ive  d ie lec t r i c  l eakage
2. A n  i n c r e a s e  i n  d i e l e c t r i c

abso rp t ion
3. Change in capacity value
4. Each of the above

3-67.

3-68.

3-69.

A punc tu re  in  the  d ie lec t r i c
m a t e r i a l  o f  a  c a p a c i t o r  i s
usual ly caused by

1. high-voltage spikes
2. l o n g  s h e l f  l i f e
3. low-voltage operat ion
4. p a r a l l e l  o p e r a t i o n

D i e l e c t r i c  a b s o r p t i o n  i s  t h e
i n a b i l i t y  o f  a  c a p a c i t o r  t o
do what action?

1. Fu l ly  cha rge  to  r a t ed
voltage

2. Completely discharge to zero
3. Operate at  high frequencies
4. Main ta in  the  co r rec t  vo l t age

requirements

E l e c t r o l y t i c  c a p a c i t o r s  t h a t
indicate low value or  high
leakage because of  long shelf
life may be salvaged by

1. opera t ing  the  capac i to r  a t
one-ha l f  the  r a t ed  vo l t age

2. opera t ing  the  capac i to r  a t
twice  the  r a t ed  vo l t age

3. hea t ing  the  capac i to r  in  an
oven for 1 hour

4. reforming the capacitor  with
a  c a p a c i t o r  t e s t e r

3-70. Which of the following is NOT a
cause  o f  induc to r  co i l  f a i lu re?

1. Shor t ed  co i l  t u rns
2. Open coil  turns
3. Low power factor
4. Changes in inductor  value

3-71. I f  you  pe r fo rm the  r ing ing  t e s t
on an inductor  coi l  and the
resu l t s  a re  some ,  bu t  l e s s  than
1 0 ,  r i n g i n g  c y c l e s ,  t h e  c o i l  i s

1. open
2. grounded
3. shorted
4. the wrong value
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A s s i g n m e n t  4

Textbook Assignment: "Power Generation and Distr ibution." Pages 5-1 through 5-34.

Learning Objective: Iden t i fy
the  p rocedures  fo r  ca lcu la t ing
generator  load and the funda-
men ta l s  o f  s e l ec t ing  un i t s  by
s ize  and  type .

4 -1 . A power distr ibution system
c o n s i s t s  o f  t h e

1. generators and powerhouse
2. equipment between the

genera to r s  and  the
cus tomer ' s  se rv ice  en t rance

3. equipment between the
primary mains and the power
load

4. h igh-vo l t age  t r ansmiss ion
l i n e s

4-2. The annual  load factor of  an
advanced base is found by
d iv id ing  the

1. load demand by the diversi ty
f a c t o r

2. demand factor by the peak
power

3. true power by the apparent
power

4. average power by the peak
power

4-3 . Which of the following
percen tage  pa i r s  r ep resen t s
acceptable values of  the annual
load factor and power factor of
an advanced base?

1. 40 percent ,  95 percent
2. 45 percent ,  95 percent
3. 50 percent ,  80 percent
4 . 60 percent ,  75 percent

4-4. Which of the following
genera t ing  requ i rements  fo r
communications and lighting can
be met with a S-kilowatt
gaso l ine -d r iven  genera to r?

1. 120 vol ts , s ing le -phase ,
60 hertz

2. 120 /208  vo l t s ,  s ing le -phase ,
60 hertz

3. 120 /208  vo l t s ,  t h ree -phase ,
60 hertz

4. All  of  the above

4-5. The demand factor for a group
of loads is  determined by
d iv id ing  the

1. actual maximum demand by
the  to t a l  connec ted  load

2. average power demand by the
peak power demand

3. average power demand by the
true power demand

4. actual load demand by the
annua l  load  fac to r

4-6. The  to ta l  connec ted  load  fo r
your repair  shop is  60
k i lowat t s , and the maximum
demand is  40 ki lowatts . What
is  the demand factor?

1. 26 percent
2. 50 percent
3. 66 percent
4. 75 percent

Learning Objective: Apply the
p r i n c i p l e s  o f  d i r e c t i n g
pe r sonne l  in  the  se l ec t ion  and
i n s t a l l a t i o n  o f  g e n e r a t o r s .

4 -7 . A generator  supplying power for
an advanced base should be
loca ted  nea r  the

1. b a r r a c k s  s i t e
2. edge of  the base
3. points of small demand
4. points  of  large demand
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4-8. One way to get  r id of  excess
engine heat  in and around a
g e n e r a t o r  s e t  t h a t  i s  i n s t a l l e d
ins ide  a  bu i ld ing  i s  by

1. p r o v i d i n g  s u i t a b l e  e x i t s  f o r
exhaust  gases

2. opening al l  the doors and
ha tches  on  the  genera to r  se t

3. providing large louvered
open ings  in  the  s ide  o f  t he
g e n e r a t o r  s e t

4. providing large louvered
openings in  the bui lding
wal l s  a t  the  f ron t  and  back
of  the  genera to r  se t

4-9. What is  the best  way to get  r id
of carbon monoxide gas that  is
manufactured by a diesel-engine
genera to r?

1. Extend the engine 's  exhaust
p ipe  to  the  ou t s ide  o f  the
bu i ld ing

2. Cool the gas in a cold-water
ba th  be fo re  i t  goes  to  the
exhaust

3. P rov ide  f r e sh  a i r  duc t s  in
the  roof  o f  the  genera to r
bu i ld ing

4. Open al l  doors and hatches
on  the  genera to r  se t

4-10. Afer  the  genera to r  se t  i s
i n s t a l l e d , the next  s tep you
or your crew should do is  to

1. t e s t - o p e r a t e  t h e  u n i t  t o
check voltage and frequency

2. place the uni t  under  110
percen t  load  fo r  2  hours

3. conduc t  a  v i sua l  ove ra l l
i n spec t ion

4. p lace  the  genera to r  in
opera t ion

4-11. You can shorten the warming-up
per iod  fo r  a  l a rge  genera to r  by

1. opening and latching the fan
cover

2 . c los ing  the  bypass  shu t t e r s
and doors

3. covering the engine exhaust
s t acks

4. c los ing  the  roof  ha tches  and
s ide  louver s

4-12. T h e  i n s t a l l a t i o n  r e s i s t a n c e  o f
the  s t a to r  and  ro to r  wind ings  o f
a 120/208-volt  generator  should
be checked with a megohm meter
b e f o r e  o p e r a t i o n ,  b u t  t h e  t e s t
vol tage should not  exceed

1. 250 v o l t s dc
2. 250 v o l t s ac
3. 500 v o l t s dc
4. 500 v o l t s ac

4-13. When the manufacturer's
i n s t r u c t i o n s  a r e  n o t  a v a i l a b l e ,
brushes for  integral  horsepower
and integral  ki lowatt  machines
a re  to  be  se t  wi th  a  b rush
pressure  o f

1. 1.0 t o 2.0 p s i
2. 2.0 t o 2.5 p s i
3. 3.0 t o 3.5 p s i
4. 4.0 t o 4.5 p s i

4-14. The changeover board on an
advanced-base generator  is  used
as a means of

1. d i sconnec t ing  the  genera to r
l eads  f rom the  po ten t i a l
transformers

2. d i sconnec t ing  the  genera to r
leads from the current
t r ans fo rmers

3. rea r rang ing  the  genera to r
leads to change phase
r o t a t i o n

4. rea r rang ing  the  in te rna l
a l t e r n a t o r  l e a d s  t o  g i v e
a  spec i f i ed  ou tpu t  vo l t age

4-15. The grounding electrode for  a
generator  set  should have a
res i s t ance - to -g round  read ing  o f
no more than how many ohms?

1 . 1 0
2 . 2 5
3 . 5 0
4 . 7 5

4-16. Genera to r  load  cab les  tha t  a re
placed underground (direct
burial) must be of a type known
as

1. RHW (heat and moisture
r e s i s t a n t )

2. TW (thermoplast ic-insulated)
3. WP (waterproof)
4 . R  ( rubber - insu la ted ,

rubber - j acke ted)
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4-17.

4-18.

4-19.

4-20.

Learning Objective: Recognize
the  p rocedures  to  fo l low in
operat ing and maintaining an
advanced-base generator plant .

The purpose of keeping a
g e n e r a t o r  s t a t i o n  l o g  i s  t o

1. help determine when a
p a r t i c u l a r  p i e c e  o f
equipment needs preventive
maintenance

2. record the fuel  consumption
o f  a l l  g e n e r a t o r s

3. p rov ide  a  h i s to ry  o f  cu r ren t
demands by all customers

4. record  the  au tomat ic
o p e r a t i o n s  o f  t h e  f u e l
transfer  pump

The  p rocedure  tha t  a s su res  tha t
a l l  sys t ems  and  con t ro l s  a re
p roper ly  a l igned  fo r  ope ra t ion
i s  found  in  the

1. p r e s t a r t  c h e c k l i s t
2. operator maintenance manual
3. intermediate maintenance

manual
4. shutdown checklis t

Before two generators can be
opera ted  in  pa ra l l e l ,  t hey  mus t
be brought  into synchronism.
When they are in synchronism,
which of  the fol lowing
cond i t ions  mus t  ex i s t ?

1. The terminal  voltages must
be equal

2. The frequencies must  be
equal

3. The voltage sequences must
be in phase

4. All  of  the above

One of the primary con-
s i d e r a t i o n s  i n  p a r a l l e l i n g
genera to r  se t s  i s  ach iev ing
the  p roper  d iv i s ion  o f  load .
What  charac te r i s t i c  o f  the
genera to r  se t  accompl i shes
t h i s  d i v i s i o n  o f  l o a d ?

1. Vol tage  regu la to r
s e n s i t i v i t y

2. Vol tage  regu la to r  r ange
3. Governor speed droop
4. Governor load l imit

4-21.

4-22.

4-23.

4-24.

4-25.

Of  th ree  genera to r s  opera t ing  in
p a r a l l e l , how many are set at
zero on the speed droop dial?

1 . One
2.
3.

Two
Three

4. Four

The frequency of the slave
machine should be s l ight ly
h igher  than  tha t  o f  the  mas te r
machine when the circuit  breaker
i s  c losed  to  ensu re  tha t  t he

1. slave machine assumes a
small amount of load

2. slave machine assumes a
large amount of load

3. master machine assumes a
small amount of load

4. master machine assumes a
large amount of  load

I f  t he  synchron iz ing  l igh t s
bl ink on simultaneously and off
simultaneously,  which of  the
fo l lowing  cond i t ions  ex i s t ( s ) ?

1. The frequencies are equal
2. The voltages are equal
3. The voltage sequences are

in phase
4. Al l  o f  the  above

I f  you  no t i ce  tha t  the  synchro -
n iz ing  l i gh t s  a r e  b l ink ing  on
and  o f f  a l t e rna te ly ,  wha t  ac t ion
should you take?

1. Ad just the speed of the
incoming generator

2. Adjust  the speed of  the
on- l ine  genera to r

3. Adjus t  the  vo l t age  o f  the
incoming generator

4. Interchange any two load
cables of  the incoming
genera to r

When you are paralleling by
us ing  the  synchron iz ing  l i gh t s ,
when should you close the
c i r c u i t  b r e a k e r  t o  p l a c e  t h e
incoming generator  on the l ine?

1. A t  t h e  i n s t a n t  b o t h  l i g h t s
go out

2. A t  t h e  i n s t a n t  b o t h  l i g h t s
go on

3. Whi le  bo th  l igh t s  a re  ou t
4. While both l ights  are on
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4-26. The power factor of an
e l e c t r i c a l  l o a d  i s  d e t e r m i n e d
by dividing the

1. true power by the peak power
2. true power by the apparent

power
3. apparent power by the peak

power
4. peak power by the average

power

4-27. Capacitors may be used to
improve the power factor of  a
system when the reduced power
factor  has been caused by the
e f fec t s  o f  which  o f  the
following components?

4-28.

4-29.

1. Lagging reactive
2. Leading reactive
3. P u r e l y  r e s i s t i v e
4. Each of the above

You can divide the react ive load
between two generators by
ad jus t ing  the

1. speed  o f  the  genera to r s
2. vo l t age  o f  the  genera to r s
3. speed droop of  the governors
4. capac i t ance- reac tance  o f  the

vo l t age  r egu la to r s

What is  the purpose of
ins t a l l i ng  bo th  a  mechan ica l
c lock  and  an  e lec t r i c  c lock  a t
a power plant?

1. To  ensure  cor rec t  genera to r
output  frequency

2. To compensate for power
f a i l u r e s

3. To  ensure  cor rec t  genera to r
ou tpu t  vo l t age

4. To indicate improper division
o f  r e a c t i v e  l o a d

4-30. All  of  the fol lowing maintenance
checks are performed by the
operator EXCEPT

1. check ing  the  l eve l  o f  the
coo lan t

2. g r e a s i n g  t h e  f u e l  t r a n s f e r
pump

3. d ra in ing  wa te r  f rom the  fue l
tank

4. add ing  o i l  t o  the  c rankcase

4-31.

4-32.

4-33.

4-34.

Learning Objective: I d e n t i f y
components and types of
d i s t r ibu t ion  sys t ems  and  po in t
out  advantages and disadvantages
of each.

For which of  the fol lowing
reasons is  an overhead
d i s t r ibu t ion  sys tem pre fe r red
over an underground system?

1. I t  i s  n o t  a f f e c t e d  b y
climate

2. It can accommodate larger
conductors

3. I t  uses lower primary
vo l t ages

4. I t  o f f e r s  g r e a t e r
f l ex ib i l i t y  t o  chang ing
condit ions

In  the  loop  d i s t r ibu t ion  sys t em,
how many breakers are instal led
n e a r  t h e  d i s t r i b u t i o n
transformers to open each
primary cable?

1. One
2. Two
3. Three
4 . Four

A network system and a radial
sys tem d i f fe r  wi th  r e spec t  to
the

1. type of  t ransformers used
2. type of  fuses used
3. way the secondaries are

connected
4. way the primaries are

connected

If  a new primary feeder system
must be f lexible because of
probable future growth,  what
type of system should you
recommend?

1. Network
2. Radial
3. Loop
4. Each of the above
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4-35. The  vo l t age  a t  t he  d i s t r ibu t ion
center  can be maintained
prac t i ca l ly  cons tan t  by
ins ta l l ing  a  f eede r  vo l t age
r e g u l a t o r  a t  t h e

1. d i s t r i b u t i o n  c e n t e r
2. subs t a t ion
3. gene ra t ing  s t a t ion
4. d i s t r ibu t ion  t r ans fo rmer

4-36. The fused cutouts  located
between the primary mains and
the  t r ans fo rmer  p ro tec t  the
transformer against  which of
the fol lowing occurrences?

1. High-voltage surges
2. S h o r t  c i r c u i t s
3. Overloads
4. Both 2 and 3 above

Learning Objective: Recognize
factors  used in implementing a
t r a n s f o r m e r  i n s t a l l a t i o n .

4-37. L igh tn ing  a r res t e r s  fo r  a
d i s t r ibu t ion  t r ans fo rmer  shou ld
be located between the

1. primary mains and fused
cu tou t s

2. primary and secondary sides
of  the  t r ans fo rmer

3. fused cutouts  and the
secondary bushings of  the
transformer

4. secondary side of  the
t rans fo rmer  and  the  se rv ice
drop

4-38. Which of  the fol lowing types of
d i s t r ibu t ion  t r ans fo rmers
r e q u i r e ( s )  t h e  i n s t a l l a t i o n  o f
ex te rna l  p ro tec t ive  dev ices?

1. Conventional
2. Se l f -p ro tec ted
3. Both 1 and 2 above
4. Comple te ly  se l f -p ro tec ted

Figure 4A

IN ANSWERING QUESTIONS 4-39 THROUGH
4-41, REFER TO THE TRANSFORMER
INSTALLATION REPRESENTATION IN FIGURE
4A.

4-39. What is the maximum demand based
on a 0.9 demand factor?

1. 5.6 kVA
2. 6.9 kVA
3. 10.4 kVA
4. 11.5 kVA
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4-40.

4-41.

4-42.

What is the minimum size of
transformer needed to supply
the average demand?

1. 10 kVA
2. 15 kVA
3. 25 kVA
4. 37.5 kVA

The  mos t  su i t ab le  loca t ion  fo r
the  t r ans fo rmer  i s  a t  po le

1. J
2. K
3. L
4. M

Transformers larger than 100 kVA
are usually mounted on a

1. pad or  platform
2. pole below the secondary

mains
3. pole above the secondary

mains
4. cluster mount above the

primary mains

Learning Objective: Recognize
t h e  s t e p s  r e q u i r e d  t o  s e l e c t
the size and type of  guy wire
and  anchor  cor rec t ly .

4-43. A cor rec t ly  ins t a l l ed  guy
pro tec t s  the  po le  l ine  f rom
damage caused by

1. improperly sagged l ine
conductors

2. large transformer banks
3. t h e  s t r a i n  o f  t h e  l i n e

conductors

4-44. What  e f fec t ,  i f  any ,  wi l l  any
change  in  d i r ec t ion  o f  the
t r ansmiss ion  l ine  have  on  l ine
conductor  tension?

1. Inc rease  the  t ens ion
2. Decrease the tension
3. Double the tension
4. None

4-45. Which of the following
l e a d - t o - h e i g h t  g u y  r a t i o s  i s
p r e f e r r e d  t o  r e d u c e  s t r e s s e s
on the pole?

1. .75 to 1.0
2. 1.0 to 1.0
3. 1.0 to 1.5
4. 1.5 to 1.0

4-46. The holding power of an anchor
depends upon which of the
fol lowing condit ions?

1. The area of the anchor
plate

2. The depth set t ing
3. The type of  soi l
4. All  of  the above

Learning Objective: Iden t i fy
the components and requirements
needed to provide protect ion on
a power distr ibution system.

4-47. L igh tn ing  a r res t e r s  p ro tec t
the primary l ines from

1. overcur ren t  su rges
2. undervoltage condit ions
3. overvoltage caused by

lightning
4. low power factor  condit ions

4-48. When  ins t a l l ing  a  s ing le -phase ,
100-kVA transformer with an
operat ing voltage of  2,400
volts, wha t  s i ze  o f  fuse  l ink
do you need?

1. 50
2. 65
3. 100
4. 150

4-49. When  ins ta l l ing  a  th ree -phase ,
150-kVA transformer bank with
an operat ing voltage of  12,000
v o l t s , wha t  s i ze  o f  fuse  l ink
do you need?

1. 10
2. 15
3. 20
4. 40

4-50. I n  a  t h r e e - p h a s e  i n s t a l l a t i o n ,
where is  the wire from the top
o f  e a c h  l i g h t n i n g  a r r e s t e r
a t t ached?

1. To the secondary l ine
2. To the transformer housing
3. To the primary l ine
4. To the main ground wire
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4-51. Where is the ground wire on
an  ove rhead  d i s t r ibu t ion  l ine
normally mounted?

1. Below the primary l ines
2. Below the secondary l ines
3. Alongside the neutral  wire
4. Above the primary l ines

4-52. Which of  the fol lowing act ions
will  improve the power factor
of  a  power distr ibution system
wi th  l agg ing  cu r ren t s?

1. Ins t a l l ing  a  capac i to r  bank
2. Inc reas ing  the  s i ze  o f  the

primary conductors
3. P lac ing  a  r e s i s t ive  load

i n  p a r a l l e l  w i t h  a  r e a c t i v e
load

4. All  of  the above

4-53. You can protect  primary feeder
capacitor  banks from l ightning
damage by instal l ing

1. l i gh tn ing  rods
2. ground rods
3. h igh-vo l t age  fused  cu tou t s
4. l i g h t n i n g  a r r e s t e r s  o f  t h e

l ine  type

4-54. At what point in a power
dis tr ibut ion system should you
i n s t a l l  a  c a p a c i t o r  b a n k  f o r
added load capacity?

4-55. Before  shor t - c i r cu i t ing  the
t e r m i n a l s  o f  a  c a p a c i t o r  a f t e r
i t  has been de-energized,  you
should wait a minimum of how
many minutes?

1 . 5
2 . 1 0
3 . 1 5
4 . 3 0

4-56. Fac i l i t i e s  a re  found  in  wha t
area of the NAVFAC P-437?

1. Par t 1 of Volume I
2. Par t 2 of Volume I
3. P a r t 1 of Volume I I
4. Par t 2 o f Volume I I

4-57. Components are defined as a
grouping of

1. equipment and materials  that
has  no  spec i f i c  func t ion  o r
mission

2 . personnel  and equipment that
has  a  spec i f i c  func t ion  o r
mission

3. pe r sonne l  and  ma te r i a l s  tha t
has  a  spec i f i c  func t ion  o r
mission

4. pe r sonne l  and  ma te r i a l s  tha t
has  no  spec i f i c  func t ion  o r
mission

1. Transformer bank
2. Load center
3. Substat ion
4. Genera t ing  s t a t ion

26



A s s i g n m e n t  5

Textbook Assignment: "Field Riggings and Hoist ing Systems."
Pages 6-1 through 6-18.

5 - 1 .

5 - 2 .

5 - 3 .

5 - 4 .

Learning Objective: Recognize
pr inc ip le s  o f  des ign ing  and
e rec t ing  s imple  ho i s t ing
dev ices .

F ie ld -e rec ted  ho i s t ing  dev ices
bas ica l ly  cons i s t  o f  a  b lock-
and-tackle system arranged on
some form of skeleton structure
consist ing of  wooden poles or
steel  beams.

1. True
2. False

When natural  holdfasts  of
suf f i c ien t  s t reng th  a re  NOT
a v a i l a b l e , which of the
following devices can be used?

1. Log deadman only
2. Combination-log-picket

ho ld fas t  on ly
3. Combinat ion-picket  holdfast

only
4. Any man-made holdfast

When using trees as  holdfasts ,
you should always at tach the
guys near

1. a  s turdy branch to avoid
s l i pp ing

2. the  cen te r  o f  the  t runk
o f  a  t r e e

3. ground level

Af te r  a  guy  l ine  to  a  p icke t
ho ld fas t  i s  t i gh tened ,  wha t
means should be used to secure
the  guy  l ine?

1. A clove hi tch
2. Two clove hitches
3. A ha l f  h i t ch
4. Two half  hi tches

5-9.

5-8.

5-7.

5-6.

5-5. The simplest  type of  holdfast
tha t  i s  su i t ab le  fo r  an  anchor
guy and that  can bear  loads up
to 4,000 pounds is  a  3-2-l
combination picket .

1. True
2. False

Suppose a picket  holdfast  wil l
be used for  several  days. What
should the guys be made of?

1. Smal l  s tu f f
2. Galvanized wire
3. Both 1 and 2 above

Which of  the fol lowing is  the
bes t  desc r ip t ion  o f  the
combination-log picket?

1. The guy is  connected to the
cen te r  o f  a  log  bur i ed  in
the ground

2. The guy is  connected to the
cen te r  o f  a  log  l a shed  to
the  t runks  o f  two  t r ees

3. The guy is anchored to a
log or  t imber supported
aga ins t  fou r  o r  s ix
combinat ion-picket  holdfasts

How should the holes for a rock
h o l d f a s t  b e  d r i l l e d ?

1. 1 to 2 feet  deep and
straight up and down

2. 1 1/2 to 3 feet deep and at
a s l ight  angle away from the
d i r e c t i o n  o f  p u l l

3. 1 1/2 to 3 feet deep and at
a  s l igh t  ang le  towards  the
d i r e c t i o n  o f  p u l l

When  a  s t ee l -p icke t  ho ld fas t  i s
being used, t h e r e  i s  a n
advantage to using two or more
units  in  combinat ion.

1. True
2. False
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5-10.

5 - 1 1

5 - 1 2

Determine the maximum height of
at  t imber gin pole that  has an
8-inch diameter.

1. 10 f e e t
2. 28 f e e t
3. 48 f e e t
4. 50 f e e t

Determine the minimum distance
from the base of  the gin pole to
the anchorage of  the guy l ines
fo r  a  15- foo t  g in  po le .

1. 15 f e e t
2. 30 f e e t
3. 45 f e e t
4 . 60 f e e t

What part of a gin pole assembly
i s  mos t  l i ke ly  to  be  the  weakes t
po in t?

1. Load line
2. F a l l  l i n e
3. Holdfast
4. Af te r  guy  l ine

5 - 1 3 . To have the LEAST amount of
stress  on the guys,  you should
have the gin pole in what
pos i t i on?

1. Almost horizontal
2. V e r t i c a l
3. At a 45° angle

5-14

5-15

When rigging a gin pole, you
should use a  square knot  to

1. hang the guys on the pole
2. t i e  t he  guys  to  the

ho ld fas t s
3. t i e  the  fo rward  guys  to

the back guys
4. secure the ends of  the

lashings

When laying out the guy line on
the ground before the erect ion
of a  12-foot  pole,  you should
make them how many feet long?

1 . 1 2
2 . 2 4
3 . 4 8
4 . 7 2

Figure 5A

IN ANSWERING QUESTIONS 5-16 AND 5-17, REFER TO FIGURE 5A.
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5-16. When preparing to use a deadman
as an anchor for  a  guy,  you
should begin by making an
excava t ion  s imi la r  to  the  one
shown at

1 . A
2 . B
3 . C

5-17. A deadman should be buried and
the guy wrapped around it as
shown at

1. A only
2. B only
3. C only
4. Either A, B, or C, whichever

i s  p r e f e r r e d

5-18. To keep a gin pole from skidding
while being erected,  what  should
you do?

1. Reeve  t ack le  to  the  rea r  o f
t h e  p o l e  a n d  a t t a c h  i t  t o  a
s t a t i o n a r y  o b j e c t

2. Have  pa r t  o f  the  e rec t ion
c r e w  t i e  i t  o f f  a t  t h e  b a s e
of the pole and pull  forward
whi le  the  res t  o f  the  c rew
ra i ses  the  po le  f rom the
r e a r

3. Se t  up  a  p icke t  ho ld fas t
abou t  3  fee t  fo rward  o f  the
p o l e  b a s e  a n d  t i e  i t  o f f  a t
the  base  o f  the  po le

5-19. Gin  po les  o f  50  fee t  o r  l e s s  can
be easi ly handled by hand.

1. True
2. False

5-20. To  e rec t  a  g in  po le  p roper ly ,
you should have a crew
consisting of how many members?

1. 10 o r more
2. 6 t o 9
3. 3 t o 5

5-21. The  ho le  fo r  the  base  o f  the  g in
pole should be how deep?

5-22. When raising the gin pole,  what
can you do to get  the block in
reach?

1. T ie  a  l ine  to  the  hook  o f
the movable block

2. O v e r h a u l  t h e  t a c k l e  u n t i l  i t
i s  l onge r  than  the  po le ,  and
secure i t  to an anchorage

3. Roth 1 and 2 above

5-23. What is  meant by "drif t ing"?

1. Moving an object  lef t  or
r i g h t

2. Moving the top of the pole
15° without moving the base

3. Hoi s t ing  o r  p l ac ing  a  load

5-24. Besides l i f t ing heavy machinery
or  bu lky  ob jec t s ,  shea r  l egs  can
be used for

1. un load ing  t rucks  and  f l a t -
ca rs

2. hoist ing over wells ,  mine
s h a f t s , and other
excavations

3. support ing ends of  a
cableway and highline

5-25. As  pa r t  o f  the  shea r s '  r igg ing ,
the af ter  guy should be s trong
enough to lift how much of the
load?

1. One fourth
2. One half
3. Three fourths

5-26. After  wrapping the tops of  the
po les  fo r  shea r  l egs  wi th  sma l l
s t u f f , you should t ighten and
secure  the  l a sh ing  by

1. mousing
2. shearing
3. guying
4. frapping

5-27. When preparing to erect  a
40- foo t  shea r ,  how fa r  apar t
should you dig the holes  that
wi l l  suppor t  t he  l egs?

1. 6 t o 12 inches
2. 16 t o 18 inches
3 . 20 t o 24 inches

1. 10 f e e t
2. 16 f e e t
3. 20 f e e t
4 . 24 f e e t
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5-28. How deep in the ground should
holes be dug to keep shear  legs
from kicking out  while  in
operat ion?

1. 1 foot
2 . 2 f e e t
3. 1.5 f e e t
4 . 6 inches

5-29. When  a  load  i s  app l i ed ,  i t  i s  a
good  p rac t i ce  to  l a sh  the  bu t t
ends  o f  the  shea r s  wi th  cha in ,
l i n e , or boards to keep them
from spreading.

1. True
2. False

5-30. Which of  the fol lowing is  an
advantage of  using the t r ipod
in  a  ho i s t ing  ope ra t ion?

1. I t  i s  s t a b l e
2. I t  r equ i re s  no  guys  o r

anchorage
3. I t  h a s  a  c a p a c i t y  g r e a t e r

than that  of  shears made
of material  of  the same
s i z e

4. Each of the above

Figure 5B

IN ANSWERING QUESTION 5-31, REFER TO
FIGURE 5B.

5-31. When erect ing a 35-foot  t r ipod
without  the aid of  mechanized
equ ipmen t  o r  aux i l i a ry  ho i s t s ,
which arrangement shown in
figure 5B should you use for
l a sh ing  the  po les  be fo re
e rec t ion?

1 . A
2 . B
3 . C
4 . D

5-32. The proper spread for the legs
of a  t r ipod is  between one half
and two thirds of  the length of
a  l eg .

1. True
2. False

Figure 5C

IN ANSWERING QUESTION 5-33, REFER TO
FIGURE 5C.

5-33. As viewed from the top, a
p roper ly  e rec ted  t r ipod  looks
like which part  of  f igure SC?

1 . A
2 . B
3 . C
4 . D

5-34. If  a  20-foot- long boom is  needed
to provide the desired working
rad ius  fo r  a  boom der r i ck ,  the
mast is approximately how many
fee t  long?

1 . 2 0
2 . 3 0
3 . 4 0
4 . 6 0
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5-35. When rigging a boom derrick,
you should keep the bottom end
of the boom from slipping
downward on the mast by securing
i t  w i t h

1. c l e a t s
2. t h e  t o p p i n g  l i f t
3. a  s l i n g
4. guys

5-36. What blocks should be at tached
at the same point on a boom
der r ick?

1. Fair lead block and f ixed
tack le  b lock

2. Fixed tackle block and f ixed
t o p p i n g  l i f t  b l o c k

3. Running topping l i f t  block
and  fa i r l ead  b lock

4. Fixed tackle block and
running topping l i f t  b l o c k

Figure 5D

IN ANSWERING QUESTION 5-37, REFER TO
FIGURE 5D.

5-37. The recommended heavy-load
position of the boom on a boom
der r i ck  i s  shown in  f igure  5D a t

1 . A 1. Spur gear assembly
2 . R 2. Chain lock assembly
3 . C 3. Upper hook
4 . D 4. Lower hook

5-38. The average person can pull  with
a force of nearly 100 pounds on
a  s i n g l e  v e r t i c a l  l i n e . The
same person can pull  on a s ingle
hor izon ta l  l ine  wi th  a  fo rce  o f
how many pounds?

1 . 30
2 . 60
3 . 90
4 . 120

5-39. Which of  the fol lowing is  an
advantage in using a chain hoist
over other  devices?

1. Loads can remain stat ionary
wi thou t  r equ i r ing  a t t en t ion

2. Loads can be handled
cau t ious ly

3. Heights  can be adjusted
accura te ly

4. Each of the above

IN ANSWERING QUESTIONS 5-40 THROUGH
5-42, SELECT FROM COLUMN B THE HOIST
BEST SUITED FOR THE OPERATION IN COLUMN
A. RESPONSES IN COLUMN B MAY BE USED
ONCE, MORE THAN ONCE, OR NOT AT ALL.

A. OPERATIONS B. HOISTS

5-40. L i f t ing  o rd ina ry 1. D i f f e r -
loads  f r equen t ly e n t i a l

chain
5-41. L i f t i n g  l i g h t h o i s t

loads  occas iona l ly
2. Ratchet-

5-42. Pull ing heavy handle
o b j e c t s  h o r i - pu l l
zon ta l ly  ove r h o i s t
shor t  d i s t ances (come-

along)

3. Spur
gear
h o i s t

5-43. What part  of  a  chain hoist
a s sembly  i s  i n t en t iona l ly
manufactured to be the weakest
pa r t?
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5-44.

5-45.

5-46.

5-47.

5-48.

5-49.

The hooks or  l inks of  a  chain
ho i s t  t ha t  show s igns  o f
spreading or excessive wear
should be replaced before the
ho i s t  i s  u sed  aga in .

1. True
2. False

Af te r  e rec t ing  a  po le  de r r i ck
fo r  a  l i f t i ng  job ,  where  shou ld
you  ins t a l l  a  hand-opera ted
winch?

1. At  l eas t  one  po le  l eng th
beh ind  the  de r r i ck

2. To  the  r igh t  o f  the  po le
using a snatch block
and  fa i r l ead

3. On ei ther  s ide of  the knee
braces

4. Near  the  foo t  o f  the  de r r i ck

Suppose a power-driven winch is
s e t  u p  s o  t h a t  t h e  h o i s t i n g  l i n e
leaves the drum at  an angle
upward from the ground. Which
of  the  fo l lowing  ac t ions  shou ld
you  t ake  to  avo id  l i f t i ng  the
winch clear  of  the ground?

1. Inc rease  the  s i ze  o f  the
winch

2. Move the load slowly
3. Place a leading block in

the system to change the
d i r e c t i o n  o f  p u l l

4. All  of  the above

As  a  ho i s t ing  l i ne  i s  be ing
wound on a drum, you must make
sure  tha t  the  f l ee t  ang le  does
NOT exceed a maximum of how many
degrees?

1 . 6
2 . 2
3 . 8
4 . 4

The  l i f t ing  capac i ty  o f  a  c rane
is dependent upon the

1. diameter of  the winch
2. s i z e  o f  t h e  f l e e t  a n g l e
3. s i ze  o f  the  l i f t i ng  hook
4. boom length and angle

Which of  the fol lowing factors
i s  u sed  to  des igna te  the  s i ze
o f  s m a l l  s t u f f ?

1. Diameter
2. Circumference
3. Number of strands
4. Number of  threads per strand

5-50.

5-51.

5-52.

5-53

5-54

The  l a rges t  s i ze  man i l a  l ine
o r d i n a r i l y  c a r r i e d  i n  s t o c k  i s
how many inches?

1 . 8
2 . 2
3 . 1 2
4 . 1 6

Which of the following formulas
can be used to f ind the
approximate breaking strength
(BS) of manila l ine?

1 . BS = c 2 x 900

2 . BS = C2 x 2400

3 . BS = D2 x 900

4 . BS = D2 x 2400

A wide margin between the safe
working load (SWL) and the
break ing  s t r eng th  o f  f ibe r  l ine
i s  des i rab le  fo r  wha t  r eason?

1. To  a l low fo r  the  s t r a in
imposed only by jerky
movements

2 . To  a l low fo r  the  s t r a in
imposed only when the line
is  bent  over sheaves

3. To  a l low fo r  the  s t r a in
imposed by jerky movements
and when the l ine is  bent
over sheaves

4. To  a l low for  the  d i f fe rence
in  the  va r ious  types  o f
f ibe r s  used

What is  the formula for  f inding
the SWL of f iber l ine ( in
pounds)?

1. SWL = D x 150

2. SWL = C x 150

3. SWL = D2 x 150

4. SWL = c2 x 150

What is  the SWL of a f iber l ine
whose circumference is  6 inches?

1. 1,800 pounds
2. 2,400 pounds
3. 3,800 pounds
4. 5,400 pounds
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5-55. The normal SWL for a new fiber
l ine can be increased by what
percentage?

1. 10%
2. 20%
3. 30%
4. 40%

5-56. A used f iber  l ine in good
cond i t ion  has  wha t  sa fe ty
f a c t o r  f i g u r e d  i n ?

1. Eight
2. Six
3. Three
4. Four

IN ANSWERING QUESTIONS 5-57 THROUGH
5-59, SELECT THE TYPE OF STEEL IN
COLUMN B THAT IS BEST DESCRIBED BY
THE STATEMENT IN COLUMN A. NOT EVERY
RESPONSE IN COLUMN B IS USED.

A. DESCRIPTIONS B. STEELS
Figure SE

5-57. I t  h a s  a  t e n s i l e 1.
s trength of  200,000
to 220,000 pounds
per  square  inch
( p s i ) . 2.

Improved
plow
s t e e l

5-58. I t  i s  s u i t a b l e  f o r
hau l ing , h o i s t i n g ,  3 .
and logging.

Plow
s t e e l

Mild
plow
s t e e l

R a i l -
road
s t e e l

5-59. Most of  the wire
r o p e  y o u  w i l l  u s e  4 .
will be made of
t h i s  m a t e r i a l .

IN ANSWERING QUESTION 5-60, REFER TO
FIGURE SE.

5-60. What  i s  the  s i ze  o f  the  wi re
rope shown?

1. 1 inch, 6 x 19
2. 1 inch, 6 x 24
3. 3 1/8 inch, 6 x 37
4. 7/8 inch, 6 x 24

5-61. To measure the diameter of a
wire rope, you should use what
method?

1. Measure in one place near
the middle

2. Measure in two places near
the middle, 10  fee t  pa r t .
Average the results

3. Measure in three places,
10  fee t  apar t . Average the
r e s u l t s

4 . Measure in three places,  5
f e e t  a p a r t . Average the
r e s u l t s
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5-62. What is the NAVFAC formula for 5-64.
finding the SWL of wire rope

The SWL of old wire rope should

in tons?
be reduced by what percentage?

1. 15%
1. SWL = C x 4 2. 25%

3. 50%
2. SWL = D x 4 4. 70%
3. SWL = C2 x 4

4. SWL = D2 x 4

5-63. What is the SWL, in tons,
of  a 1 1/2-inch wire rope?

1 . 1 2
2 . 9
3 . 7
4 . 6
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A s s i g n m e n t  6

Textbook Assignment: "Alarm Systems." Pages 7-1 through 7-28.

Learning Objective: Recognize
the  p r inc ip les  o f  ope ra t ion  o f
a  f i r e  a la rm sys tem.

6-1. The primary purpose of a
building alarm system is  to

1. t e s t  t he  sp r ink le r  sys t em
2. c lose  f i r e  doors  and  shu t

down fans
3. p r o t e c t  l i f e ,  p r o p e r t y ,  a n d

con t inu i ty  o f  ope ra t ions
4. provide a convenient method

f o r  h a v i n g  f i r e  d r i l l s

6 -2 . The capabil i t ies  of  a  noncoded
a la rm sys tem a re  such  tha t  i t

1. can  iden t i fy  the  loca t ion  o f
the device causing the alarm

2. may identify the source of
the alarm by using an
annunciator  system

3. may  cause  be l l s  to  r ing  in
a  d i s t i n c t i v e  p a t t e r n

4. may cause audible s ignals
to sound in a march-time
cadence

6-3 . A mult iplex alarm system is
considered to be

1. coded
2. noncoded
3. old-fashioned
4. an undesirable and

nonapproved  in s t a l l a t ion

6-4 . The trend in operat ing voltage
f o r  s o l i d - s t a t e - c o n t r o l
c i r c u i t r y  i s  t o w a r d

1. low-voltage dc
2. high-voltage dc
3. low-voltage ac
4. high-voltage ac

IN ANSWERING QUESTIONS 6-5 AND 6-6,
REFER TO TEXTBOOK FIGURE 7-2.

6 -5 . A building f ire alarm power
supply typically does NOT
contain which of  the fol lowing
devices?

1. Relays
2. I n i t i a t i n g  d e v i c e s
3. Terminals
4. Transformers

6-6. Fuse  F2  p ro tec t s  aga ins t  c i r cu i t
defects  that  would cause

1. ac power fai lure
2. t r ans fo rmer  shor t  c i r cu i t
3. ba t t e ry  ove r load
4. d iode  b r idge  f a i lu re

6-7 . A fire alarm system power supply
does NOT perform which of the
fol lowing functions?

1. Convert  ac l ine voltage
to low-voltage ac

2. Rec t i fy  low-vo l t age  ac  to
produce low-voltage dc

3. Charge the system standby
b a t t e r y

4. Direct ly power the building
fans

6-8. some smoke detectors require
power supplies that  can be
described in which of  the
following ways?

1. More sophist icated than the
power supplies  required by
o t h e r  p a r t s  o f  t h e  f i r e
alarm system

2. Less  soph i s t i ca ted  than  the
power supplies  required by
o t h e r  p a r t s  o f  t h e  f i r e
alarm system

3. Half-wave power supplies
4. Saw-tooth wave power

supp l i e s
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6 - 9 .

6-10.

6-11.

6-12.

The control  uni t  continuously
moni to r s  the  c i r cu i t  w i r ing  to
ind ica te  a / an

1. ac  power  fa i lu re
2. dir ty smoke detector
3. d e f e c t i v e  f i r e  a l a r m  b e l l
4. d e f e c t i v e  s p r i n k l e r  c o n t r o l

valve

The  fea tu re  in  f i re  a la rm
sys tems  tha t  warns  o f  po ten t i a l
o r  ac tua l  e l ec t r i ca l  p rob lems
is known as

1. s ignal  monitoring
2. sp r ink le r  supe rv i s ion
3. e l e c t r i c a l  s u p e r v i s i o n
4. trouble monitoring

I f  an  open  fau l t  occurs  in  a
superv i sed  c i r cu i t ,  how i s  the
superv i so ry  cu r ren t  typ ica l ly
a f fec ted?

1. I t  d rops  to  ze ro
2. I t  i n c r e a s e s , b u t  t h e  f a u l t

causes  a  fa l se  a la rm
3. I t  i n c r e a s e s , b u t  t h e  f a u l t

causes  a  t roub le  s igna l
4. I t  r emains  cons tan t ,  bu t

the  f au l t  causes  a  t roub le
s igna l

Learning Objective: Iden t i fy
the function and operat ion of
auxil iary equipment  used in
t h e  i n s t a l l a t i o n  o f  f i r e  a l a r m
equipment.

For which of  the fol lowing
reasons  a re  bu i ld ing  a la rm
systems connected to a remote
s i g n a l  r e c e i v i n g  s t a t i o n ?

1. The occupants of  the
building may not know how
to  respond  to  f i r e  a l a rms
c o r r e c t l y

2. The occupants of  the
building may be exci ted

3. The building may not be
occup ied  a t  t he  t ime  o f
the alarm

4. All  of  the above

IN ANSWERING QUESTION 6-13, REFER TO
TEXTBOOK FIGURE 7-5.

6-13. Which of the following
desc r ip t ive  s t a t emen t s  i s
correct  concerning a remote
s t a t i o n  t y p e  o f  f i r e  a l a r m
system?

6-14.

6-15.

6-16.

1. I t  is  normally a  coded
system

2. I t  r e q u i r e s  a  p a i r  o f  w i r e s
for each alarm signal

3. I t  p rov ides  s igna l ing  f rom
t r a n s m i t t e r s  o f  t h e
municipal  type

4. I t  does not  use annunciat ion

Which of  the fol lowing devices
i s  u s e d  t o  c o n t r o l  v e n t i l a t i o n
fan  opera t ion  by  us ing  f i r e
alarm system power supply?

1. Double-throw-over switch
2. Remote transmitter
3. Relay with mult iple contacts
4. Knife switch

Which, i f  any , o f  the  fo l lowing
desc r ip t ions  app l i e s  to  the
contacts of most approved
i n i t i a t i n g  d e v i c e s ?

1. Normally open contacts  that
close on alarm

2. Normally closed contacts
that open on alarm

3. Double  se t s  o f  con tac t s ,
one  pa i r  fo r  t roub le  and
one  pa i r  fo r  a l a rm

4. None of the above

Which, i f  any , of  the fol lowing
ac t ions  shou ld  you  t ake  to  t e s t
t h e  e l e c t r i c a l  f u n c t i o n  o f  a
manual pull box?

1. Break  the  g lass  r e ta ine r
2. Remove the pull box and

s h o r t - c i r c u i t  t h e  t e r m i n a l s
on the back

3. Open the pull box with an
appropr i a t e  too l

4. None of the above
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6-17. You should test  al l  manual
dev ices  on  a  ro ta t ion  schedu le
s o  t h a t  a l l  d e v i c e s  a r e  t e s t e d
at  what frequency?

1. Monthly
2. Quar te r ly
3. Semiannually
4. Annually

6-18. Yost  general-purpose automatic
fire alarm systems are probably
i n i t i a t e d  b y  h e a t  d e t e c t o r s .

6-19.

6-20.

6-21.

1. True
2. False

A fixed-temperature detector may
be checked for  actuation by

1. superv i so ry  cu r ren t
2. v i sua l  i n spec t ion
3. signal  monitoring
4. a u x i l i a r y  c o n t a c t s

How should a rate-compensated
detector be checked for
ac tua t ion?

1. By  aux i l i a ry  con tac t s
2. By visual  inspect ion
3. E l e c t r i c a l l y
4. Manually

R a t e - o f - r i s e  d e t e c t o r s  u s u a l l y
opera te  on  the  p r inc ip le  o f

1. d i f f e ren t i a l  expans ion  o f
metals  with temperature

2. inc reas ing  a i r  p ressu re  wi th
inc reas ing  t empera tu re

3. g e n e r a t i o n  o f  e l e c t r i c i t y  a t
a  bond  o f  d i s s imi la r  me ta l s

4. me l t ing  o f  a  me ta l  a l loy  a t
high temperature

6-22. When should fixed-temperature
de tec to r s  wi th  fus ib le  e l ements
be  hea t  t e s t ed?

1. Only when an inspection
shows a possible defect

2. Quar te r ly
3. Every year
4. Every 5 years

6-23. H e a t  d e t e c t o r s  i n s t a l l e d  i n  a
hazardous storage area may be
hea t  t e s t ed  by  us ing  a / an

1. explosionproof lamp
2. infrared lamp
3. ha i r  d rye r
4. ho t -a i r  gun

6-24. Photoelectr ic  smoke detectors
may operate on which of the
fo l lowing  p r inc ip les?

1. The l ight  is  obscured by
smoke

2. T h e  l i g h t  i s  r e f l e c t e d
by smoke

3. The  l igh t  i s  b locked  o r
part ial ly blocked by smoke

4. All  of  the above

6-25. Ionizat ion smoke detectors can
detect smoke by which of the
following methods?

1. The solid smoke part icles
in te r fe re  wi th  cur ren t  f low
in  a i r  i on ized  by  a  r ad io -
a c t i v e  s o u r c e

2. A  rad ioac t ive  source  ion izes
the smoke, causing an
inc rease  in  cur ren t

3. The ions in the smoke cause
an increased current  between
two high-voltage plates

6-26. The major difference between
smoke detectors  of  the spot  and
duc t  t ypes  i s  t he

1. a r rangement  o f  e l ec t ron ic
p a r t s

2. method of powering the
d e t e c t o r

3. method of moving smoke into
t h e  d e t e c t o r

6-27. A photoelectr ic  smoke detector
may need

1. pe r iod ic  c l ean ing  o f  the
smoke chamber with detergent

2. replacement of an LED at the
j o b s i t e

3. r ecovery  in  b r igh t  l i gh t
a f t e r  c l e a n i n g

4 . occasional  removal  of  dust
wi th  low-pressure  a i r
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6-28. Each ionizat ion smoke detector
should be smoke tested at  what
frequency?

1. Monthly
2. Quar te r ly
3. Semiannually
4. Annually

6-29. Which of the following
statements concerning the
equipment manufacturer 's
customer service department
i s  c o r r e c t ?

1. You should contact  i t  only
when  a l l  r epa i r  a t t empts
f a i l

2. You  shou ld  ca l l  i t
immediately when the
equipment fai ls

3. I t s  pe r sonne l  can  t e l l  you
the equipment serial  number
i f  you  desc r ibe  the
equipment

4 . I ts  personnel  may be able
t o  g i v e  h e l p f u l  r e p a i r
suggest ions and/or
m a n u f a c t u r e r ' s  l i t e r a t u r e

6-30. In f ra red  f l ame  de tec to rs  can
dist inguish f lame from nonflame
light  sources by using which,
i f  any , o f  the  fo l lowing
devices?

1. An IR source inside the
d e t e c t o r

2. A f l i cke r -de lay- response
c i r c u i t

3. IR fi l ters  on the window
o f  t h e  d e t e c t o r

4. None of the above

6-31. The  u l t r av io le t  f l ame  de tec to r
i s  ex t remely  f a s t  and  i s  used
in which of  the fol lowing areas?

1. Berthing
2. Office spaces
3. Aircraft  maintenance
4. Galleys

6-32. How is the flow of water
d e t e c t e d  i n  a  f i r e  a l a r m
sprinkler  system?

1. By an increase in water
p ressure

2. By a drop in water  pressure
3. By the movement of a vane

ins ide  the  p ipe
4. All  of  the above

6-33. Alarm-indicating devices are
divided into what two major
ca tegor ies?

1. Visual  and audible
2. Smoke and heat
3. Pho toe lec t r i c  and  ion iza t ion
4. Pressure and vane

6-34. Annunciators may provide a
v i sua l  ind ica t ion  fo r  which
of  the  fo l lowing  a reas  o f
p ro tec t ion?

1. General  areas or zones
2. I n d i v i d u a l  i n i t i a t i n g

devices
3. Mul t ip l e  in i t i a t ing  dev ices
4. All  of  the above

6-35. A  t roub le  cond i t ion  i s  u sua l ly
annunciated by using a

1. f l a s h i n g  l i g h t
2. yel low or amber l ight
3. r ed  o r  p ink  l i gh t
4. b lue  o r  g reen  l igh t

6-36. An audible s ignal  device in a
f ire  alarm system should have
a  d i s t inc t ive  sound  so  tha t

1. the bel l  can be heard
a t  a  g r e a t e r  d i s t a n c e

2. t h i s  b e l l  c a n  b e  d i s -
t inguished from other
b e l l s

3. a  tone  tha t  causes  l e s s
discomfort  to the eardrums
can be produced

Learning Objective: Discuss
t roub leshoo t ing ,  r epa i r s ,  and
sa fe ty  p recau t ions  a s soc ia t ed
with f ire alarm systems.

6-37. When numerous wires are removed
from terminals  at  one location,
i t  i s  good  p rac t i ce  to

1. try to remember which wire
came from each terminal

2. make up a poem to remember
the  o rder  o f  the  wi re  co lo r s

3. tag each wire with the
terminal number it came
from

4. remove  a l l  the  wi res  f i r s t ,
then tag each wire with a
terminal number

38



6-38. which of  the fol lowing act ions
may the replaceable modules in
a modular  control  unit  do?

1. Con t ro l  aud ib le  s igna l
dev ices

2. Transfer power from a
commercial  source to
standby

3. Provide a reversing output
vo l t age  fo r  r emote  s igna l ing

4 . All  of  the above

6-39. An open fault  in a power circuit
usua l ly  causes  which ,  i f  any ,  o f
the  fo l lowing  re su l t s?

1. A blown fuse or  t r ipped
c i r c u i t  b r e a k e r

2. An indicat ion of  power
f a i l u r e

3. A low-voltage dc alarm
s i g n a l

4 . None of the above

6-40. Which of  the fol lowing is  a
recommended procedure for
l o c a t i n g  a  s h o r t - c i r c u i t  f a u l t
i n  a n  i n i t i a t i n g  c i r c u i t ?

1. Assume al l  connections are
loose , and t ighten them
before taking ohmmeter
readings

2. Disconnec t  a l l  t e rmina l s
at  each junct ion box and
take ohmmeter readings

3. D i v i d e  t h e  c i r c u i t  i n
ha lves , taking ohmmeter
read ings  un t i l  you  loca te
t h e  f a u l t

4. Disconnec t  the  end-of - l ine
resistor and work your way
back to the power source
u n t i l  y o u  l o c a t e  t h e  f a u l t

6-41. A ground fault  on the neutral
s i d e  o f  a n  i n d i c a t i n g  c i r c u i t
wil l  usual ly produce which of
the  fo l lowing  re su l t s?

1. A blown fuse or  t r ipped
c i r c u i t  b r e a k e r

2. In te rmi t t en t  f a l se  a la rms
3. Automatic shutdown of

hea t ing  and  ven t i l a t ion
fans

4. No symptoms

6-42. Wha t  i s  t he  pu rpose  o f  the  jo in t
s e r v i c e  i n t e r i o r  i n t r u s i o n
detection system (JSIIDS)?

1. To  de tec t  an  in t rus ion
2. To prevent  an at tempted

in t rus ion
3. T o  p r e v e n t  t h e  t h e f t  o f

government property

6-43. What are the two general  classes
of JSIIDS components?

1. The  con t ro l  un i t  and  i t s
display equipment  and the
moni to r  and  i t s  s enso r
components

2. The  con t ro l  un i t  and  the
monitor

3. The  con t ro l  un i t  and  i t s
sensor components and the
monitor  and display
equipment

4. The  con t ro l  un i t  and  i t s
sensor  and  the  d i sp lay
equipment

6-44. Where should the control  unit
o f  a  JSI IDS be  ins ta l l ed?

1. In  a  p ro tec ted  a rea
2. In an access area
3. In the monitor  cabinet
4. In the same area as the

sensors

6-45. Wha t  con t ro l  un i t  s enso r  i s
designed to detect movement
wi th in  the  p ro tec ted  a rea?

1. Pene t ra t ion
2. Motion
3. Point
4. Duress

6-46. What is the normal No Alarm
vol tage  o f  a  JSI IDS c i rcu i t
to  the  de tec to r s?

1. 20 v o l t s ac
2. 20 v o l t s dc
3. 24 v o l t s ac
4. 24 v o l t s dc

6-47. The signal  module in the
monitoring cabinet  displays
t h e  s t a t u s  o f

1. the motion sensors
2. the  con t ro l  un i t
3. a l l  s e n s o r s
4 . the monitor  cabinet

power supply
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6-48.

6-49.

6-50.

6-51.

What monitor module is used
in  the  mon i to r ing  cab ine t  t o
display mode changes in the
pro tec ted  a rea?

1. S ta tus
2. Alarm
3. Motion
4. Pene t ra t ion

I t  i s  p e r m i s s i b l e  t o  i n s t a l l
alarm conductors in the same
condu i t  a s  the  bu i ld ing  wi r ing .

1. True
2. Fa l se

The wire of al l  low-voltage
conductors  in the JSIIDS should
be of what size?

1 . No. 16 AWG
2 . NO. 18 AWG
3 . No. 20 AWG
4 . No. 22 AWG

At what  intervals  should the
JSIIDS be inspected?

1. Monthly
2. Quar te r ly
3. Semiannually
4. Annually

6-52. For an alarm condit ion,  you
should have what  voltage reading
on the PCB test  points?

1. Zero voltage
2. 18 vol ts  dc
3. 20 vol ts  dc
4. 20 vol ts  ac

6-53. What  is  the main point  to
remember when replacing JSIIDS
components?

1. Get the system back on l ine
as soon as  possible

2. Ensure  tha t  a l l  connec t ions
a re  p roper ly  so lde red

3. Tag your conductors
4. Replace the power supply

fuse  a f t e r  comple t ion  o f
r e p a i r s
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