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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 selfstudy 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.
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Sailors Creed

“l am a United States Sailor.

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

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

| proudly serve my countrys Navy
combat team with honor, courage
and commitment.

| am committed to excellence and
the fair treatment of all.”

i
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SUMMARY OF THE
CONSTRUCTION ELECTRICIAN
TRAINING SERIES

CONSTRUCTION ELECTRICIAN BASIC

This training manual (TRAMAN) replaceéSonstruction Electrician &nd
should be studied by those seeking advancement to Construction Electrician Third
Class.

CONSTRUCTION ELECTRICIAN INTERMEDIATE

This TRAMAN, when published (refer to NAVEDTRA 12061 for availability),
will replace Construction Electrician 3 & &and should be studied by those seeking
advancement to Construction Electrician Second CIBggics in this book will be a
continuation of information covered in ti@onstruction Electrician Basic
TRAMAN.

CONSTRUCTION ELECTRICIAN ADVANCED

This TRAMAN, when published (refer to NAVEDTRA 12061 for availability),
will replace Construction Electrician &nd should be studied by those seeking
advancement to Construction Electrician First Class. Topics in this book will be a
continuation of information covered in ti@nstruction Electrician Intermediate
TRAMAN.



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:
Internet grading are:

Advantages to

* 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:

http://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
I, 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.



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. FErrata 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:

http://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.
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For subject matter questions:

E-mail:
Phone:

n314.products@cnet.navy.mil
Comm: (850) 452-1001, Ext. 1826
DSN: 922-1001, Ext. 1826

FAX: (850)452-1370

(Do not fax answer sheets.)
COMMANDING OFFICER
NETPDTC (CODE 314)

6490 SAUFLEY FIELD ROAD
PENSACOLA FL 32509-5237

Address:

For enrollment, shipping,
completion letter questions

grading, or

E-mail:
Phone:

fleetservices@cnet.navy.mil

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.)
COMMANDING OFFICER
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PENSACOLA FL 32559-5000

Address:

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 9 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 subjects: Construction Support,
Drawings and Specifications, Power Generation,
Power Distribution, Interior Wiring, Communi-
cations and Lighting, and Electrical Appliances,
Test Equipment, Motors, and Generators.
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CHAPTER 1

CONSTRUCTION SUPPORT

As a Construction Electrician you will be involved of these lines depends on their size, the fiber used, and
in many aspects of construction work. This chapterthe type of stranding.
touches on a few of these, such as rigging and hoisting
equipment movement, hazardous material,
embarkation, and tool kits. Although this chapter does New line is coiled, bound, and wrapped. The
not deal with electrical work, you need to study and protective covering should not be removed until the line
refer back to this chapter for your safety and the safetyis to be used. This covering will protect the line during

Uncoiling Line

of your shipmates. stowage and prevent tangling. To open, strip off the
outer wrapping and look inside the coil for the end of the
USING LINES AND SLINGS line. This should be at the bottom of the coil. If not, turn

_ S the coil over so that the end will be at the bottom, as
_The safety of personnel involved in rigging and shown in figure 1-1. Pull the end of the line up through
hoisting operations largely depends upon care andhe center of the coil. As the line comes up through the

common sense. Equally important is the proper coil, it will unwind in a counterclockwise direction.
selection of lines and slings for safe and stable lifts.

INSPECTIONS . .
_ _ _ The termwhippingrefers to the process of securing
The single most important operational check to be the ends of a line to prevent the strands from unraveling
made on hoisting and rigging equipment is the line andand the yarns from separating or fraying. Whippings
rigging inspection. Such factors as abrasion, wearare made from fine twine and will not increase the size

fatigue, corrosion, and kinking are of great significance of the line enough to prevent it from fitting the blocks or
in determining usable life. openings.

The only way to determine the safety of a line, its Figure 1-2 shows the steps to follow in applying a

life expectancy, and its load-carrying ability is by whipping. Make a loop in the end of the twine and place
regularly inspecting every foot of its length. The main

points to watch for are external wear and cutting, LAY BIGHT ALONG LINE
internal wear between the strands, and deterioration of
the fibers.

FIBER LINES

Fiber lines are made from either natural or synthetic
fibers. The natural fibers come from plants and include
manila, sisal, and hemp. The synthetic fibers include -t
nylon, polypropylene, and the polyesters. The strength § it liatwalus ;/ e WAG

2 DEAD END
LAST ROUND THRU LOOP

Whipping Line

START WHIPPING HERE

\A

NS .‘ﬁ‘,li!ﬁ\ﬁ\'a\ﬂ"t
N A

3
PULL LOOP TO CENTER CUT HERE

(THE LOOPS ARE OPENED TO CLARIFY
THE WHIPPING PROCEDURE)

Figure 1-1.—Removing line from a shipping coil. Figure 1-2.—Proper way to apply a line whipping.



the loop at the end of the line, as shown in the figure. Strength of Fiber Line
Wind the standing part around the line covering the loop , , ,
Overloading a line poses a serious threat to the

of the whipping. Leave.a small loop uncqvered, aS‘safety of personnel, not to mention the heavy losses
shown. Pass the remainder of the standing end Ufely to result through damage to material. To avoid
through the small loop and pull the dead end of theoverloading, you must know the strength of the line you
twine, thus pulling the small loop and the standing end are working with. This involves three factors: breaking

back towards the end of the line underneath theStrength, safe working load, and safety factor.
whipping. Pull the dead end of the twine until the loop BREAKING STRENGTH. —Refers to the

with the standing end reaches a point midwayte_nsion at which the line will part when a Ioad' is applied.
underneath the whipping. Trim both ends of the twine Line manufacturers have determined breaking strength

. . through tests and have set up tables to provide this
close up against the loops of the whipping. Before

_ ' > ' information
cutting a line, place two whippings on the line 1 or 2

inches apart and make the cut between the whippings SAFE .WORKING LOAD —Briefly defined, the
"safe working load" (SWL) of a line is the load that can

This will prevent the ends from unraveling after they are g applied without causing any kind of damage to the
cut. 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
Stowing Line 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.
Before stowing a fiber line, you must take certain g g putiey

precautions to safeguard the line against deterioration. ~ SAFETY FACTOR.— safety factor of a line is
You should never stow a wet line. Always dry the line the ratio between the breaking strength and the safe
well before placing it in stowage. working load. Usually, a safety factor of 4 is acceptable,
but this is not always the case. In other words, the safety
After a line has been used, you should coil it down factor will vary, depending on such things as the
in a clockwise direction (assuming it is a right-hand condition of the line and circumstanagsderwhich it is
lay). Should the line be kinked from excessive turns,to be used. While the safety factor should NEVER be
remove the kinks by the procedure known as "thoroughless than 3, it often should be well above 4 (possibly as
footing." You do this by coiling the line down high as 8 or 10). For best, average, or unfavorable
counterclockwise and then pulling the bottom end of the conditions, the safety factor indicated below may often
coil up and out the middle of the coil. If the line is free of be suitable.
kinks as it leaves the coil, make it up in the correct
manner. If it is still kinked, repeat the process before
making up the line for stowage. AVERAGE conditions (line used but in good
condition): 6
C_hoose your stowage space for ine carefully. Line UNFAVORABLE conditions (frequently used line,
deteriorates rapidly if exposed to prolonged dampness.such as running rigging): 8
Furthermore, it is important for the stowage area to be ’
dry, unheated, and well ventilated. To permit proper air ~ Table 1-1 lists some of the properties of manila and
circulation, you should either place the line in loose sisal line, including strength. The table shows that the
coils on a wood grating platform about 6 inches (15 cm) minimum breaking strength is considerably greater than
above the floor or hang the line in loose coils on athe safe working capacity. The difference is caused by
wooden peg. the application of a safety factor. The safe working load
(SWL) of line is obtained by dividing the breaking
You should NEVER expose a line to lime, acids, or strength (BS) by a factor of safety (F®.new 1-inch-
other chemicals, or even stow it in a room containing diameter No. 1 manila line has a breaking strength of
chemicals. Even the vapors may severely damage line9,000 pounds, as indicated in table |-l. To determine
As a final precaution, avoid continually exposing line to the safe working load of the line, you would divide its
sunlight. Excessive sunlight will also damage the line. breaking strength by a minimum standard safety factor

BEST conditions (new line): 4
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of 4. The result is an SWL of 2,250 pounds. A safety SYNTHETIC-FIBER LINES
factor is always used because the breaking strength of
line be comes reduced after use and exposure to
weather conditions. In addition, a safety factor is
required because of shock loading, knots, sharp bend
and other stresses that the line may encounter during i
use.

Synthetic-fiber lines, such as nylon and polyester,
have rapidly gamed wide use by the Navy. They are
jighter in weight, more flexible, less bulky, and easier to
%andle and stow than manila lines. Also, they are highly
resistant to mildew, rot, and fungus. Synthetic lines are

If tables are not available, the SWL may be closely stronger than natural-fiber line; for example, nylon is
approximated by a rule of thumihe rule of thumb for ~ about three times stronger than manila. When nylon line
the SWL, in tons, for fiber line is equal to the square of is wet or frozen, the loss of strength is relatively small.
the line diameter in inches (SWL £)DThe SWL, in  Nylon line will hold a load, even though several strands
tons, of a 1/2-inch-diameter fiber line would be 1/2 inch may be frayed. Ordinarily, the line can be made
squared or 1/4 ton. The rule of thumb allows a safetyreusable by cutting away the chafed or frayed section

factor of approximately 4.

and splicing the good line together.

Table 1-1.—Properties of Manila and Sisal Line

Nominal Circum- Lb per ft No. 1 Manila Sisal
diameter ference _ _
(inches) (inches) Breaking Safe Breaking Safe
strength load strength load
(pounds) (pounds) (pounds) (pounds)
F.S. =4 F.S. =4
1/4 3/4 .020 600 150 480 120
3/8 11/8 .040 1,350 325 1,080 260
1/2 11/2 .075 2,650 660 2,120 520
5/8 2 133 4,400 1,100 3,520 880
3/4 2 1/4 167 5,400 1,350 4,320 1,080
718 2 3/4 .186 7,700 1,920 6,160 1,540
1 3 .270 9,000 2,250 7,200 1,800
11/8 31/2 .360 12,000 3,000 9,600 2,400
11/4 33/4 418 13,500 3,380 10,800 2,700
11/2 4 112 .600 18,500 4,620 14,800 3,700
13/4 51/2 .895 26,500 6,625 21,200 5,300
2 6 1.08 31,000 7,750 24,800 6,200
21/2 71/2 1.35 46,500 11,620 37,200 9,300
3 9 2.42 64,000 16,000 51,200 12,800
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Tables 1-2 and 1-3 list the approximate safe work- ~ For polypropylene line, multiply the diameter by
ing loads of new fiber lines with a safety factor of 5. 40, and for polyethylene, by 35.

NOTE: These are for reference only. Check the Remember that the strength of a line decreases with
manufacturer’s ratings before determining the safeage, use, and exposure to excessive heat, boiling water,
working loads, as they may differ from the tables. or sharp bends. Especially with used line, you should

. give these and other factors affecting strength careful

You may not always have a chart available to tell ¢qnsideration and make proper adjustment in the

you the safe working load for a particular size of line. breaking strength and SWL of the line
There is a rule of thumb that will adequately serve your '

needs on such an occasion. The formulas below A% IRE ROPE
examples of synthetic fiber lines used for rigging, not

slings. During the course of a career, CEs often need to

For nylon or polyester line, change the line hoist or move heavy objects. Wire rope is used for
diameter into eighths of an inch, square the numeratorheavy-duty work. In the following paragraphs, we will
and multiply by 60. discuss the characteristics, construction, and usage of
. : . . , many types of wire rope as well as the safe working
Example: 1/2-inch nylon line = 4/8-inch diameter load, use of attachments and fittings, and procedures for

SWL=4x4x60=960Ib the care and handling of wire rope.

Table 1-2.—Safe Working Load of Fiber Line

APPROXIMATE SAFE WORKING LOADS OF NEW FIBER LINES — POUNDS
Three-Strand Line
Safety Factor =5
Nominal Line Manila Nylon Polypropylene| Polyester Polyethylene
Diameter
(inches)
3/16 100 200 150 200 150
1/4 120 300 250 300 250
5/16 200 500 400 500 350
3/8 270 700 500 700 500
1/2 530 1,250 830 1,200 800
5/8 880 2,000 1,300 1,900 1,050
3/4 1,080 2,800 1,700 2,400 1,500
7/8 1,540 3,800 2,200 3,400 2,100
1 1,800 4,800 2,900 4,200 2,500
11/8 2,400 6,300 3,750 5,600 3,300
11/4 2,700 7,200 4,200 6,300 3,700
11/2 3,700 10,200 6,000 8,900 5,300
15/8 4,500 12,400 7,300 10,800 6,500
13/4 5,300 15,000 8,700 12,900 7,900
2 6,200 17,900 10,400 15,200 9,500
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Table 1-3.—Safe Working Load of Braided Synthetic Fiber Line

APPROXIMATE SAFE WORKING LOADS OF NEW
BRAIDED SYNTHETIC FIBER LINES (LB)
SAFETY FACTOR =5
Nominal Line Nylon Cover Nylon Cover Polyester Cover
Diameter Nylon Core Polypropylene Core Polypropylene Core
(inches)
1/4 420 — 380
5/16 640 — 540
3/8 880 680 740
7/16 1,200 1,000 1,060
1/2 1,500 1,480 1,380
9/16 2,100 1,720 —
5/8 2,400 2,100 2,400
3/4 3,500 3,200 2,860
718 4,800 4,150 3,800
1 5,700 4,800 5,600
11/8 8,000 7,000 —
1114 8,800 8,000 —
11/2 12,800 12,400 —
15/8 16,000 14,000 —
13/4 19,400 18,000 —
2 23,600 20,000 —
Construction Wire rope that is made up of a large number of small

wires is flexible. The small wires are, however, easily

Wiie rope consists of three parts: wires, strands,broken, so the wire rope does not resist external

and core (fig. 1-3). In the manufacture of wire rope, a abrasion. Wire rope that is made up of a smaller number

number of WIRES are laid together to form the

STRAND. Then a number of STRANDS are laid
together around a CORE to form the wire ROPE.

The basic unit of wire-rope construction is the
individual wire, which may be made of steel, iron, or
other metal in various sixes. The number of wires to a
strand will vary, dependingonthepurpose for which the
wire rope is intended. Wiie 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 six
strands with 19 wires per strand; but it will have the
same outside diameter as a 1/2-inch, 6 by 37 wire rope,
which will have six strands with 37 wires of much
smaller size per strand. Figure 1-3.—Parts of a wire rope.
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of larger wires is more resistant to external abrasion butstrand, is the most flexible of the standard six-strand
is less flexible. wire ropes. For that reason, it is particularly suitable
when you are going to use small sheaves and drums,

The CORE, the element around which the strands S ;
such as are used on cranes and similar machinery.

are laid to form the wire rope, may be of hard fiber, such
as manila, hemp, plastic, paper, or sisal. Also, a wire-Grades of Wire Rope
strand core may be used. Each type of core serves the

same basic purpose—to support the strands laid arounth
it.

Wire rope is made in a number of different grades,
ee of which are mild-plow steel, plow steel, and
improved-plow steel.

A FIBER CORE offers the advantage of increased MILD-PLOW STEEL wire rope is tough and
flexibility. Also, it serves as a cushion to reduce the pliable. It can stand up under repeated strain and stress,
effects of sudden strain and acts as a reservoir for the oiland it has a tensile strength of 200,000 to 220,000
to lubricate the wires and strands to reduce frictionpounds per square inch (psi).
between them. Wire rope with a fiber core is used in

places where flexibility of the wire rope is important. PLOW STEEL wire rope is unusually tough and

strong. This steel has a tensile strength (resistance to
A WIRE-STRAND CORE not only resists heat lengthwise stress) of 220,000 to 240,000 gsiis wire

better than a fiber core but it also adds about 15 percenf©P€ IS suitable for hauling, hoisting, and logging.

to the strength of the wire rope. On the other hand, the  IMPROVED-PLOW STEEL wire rope is one of the
wire strand makes the wire rope less flexible than a fiberbest grades of wire rope available, and most, if not all, of
core would. the wire rope you will use in your work will probably be

An INDEPENDENT WIRE-ROPE CORE is a made of this material. It i_s stronger, tougher, a_nd more
separate wire rope over which the main strands of thg/€Sistant to wear than either plow steel or mild-plow
wire rope are laid It usually consists of six seven-wire St€€l- Each square inch of improved-plow steel can
strands laid around either a fiber core or a wire-strandStand a strain of 240,000 to 260,000 psi.
core. This core strengthens the wire rope more, . .
provides support against crushing, and suppliesMeasu”ng Wire Rope

maximum resistance to heat. The size of wire rope is designated by its diameter.

Wire rope may be made by either of two methods. The true diameter of a wire rope is considered as being
If the strands or wires are shaped to conform to thehe diameter of the circle that will just enclose all of its
curvature of the finished wire rope before laying up, the strands. Both the correct and incorrect methods of
wire rope is termegreformed.If they are not shaped measuring wire rope are shown in figure 1-5. Note, in
before fabrication, the wire rope is termed particular, that the CORRECT WAY is to measure from
nonpreformedWhen cut, preformed wire rope tends the top of one strand to the top of the strand directly
not to unlay, and it is more flexible than nonpreformed opposite it. Use calipers to take the measurement; if
wire rope. With nonpreformed wire rope, twisting calipers are not available, an adjustable wrench will do.
produces a stress in the wires; and, when it is cut or
broken, the stress causes the strands to unlay.
nonpreformed wire rope, 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 @

| To ensure an accurate measurement of the diameter
Bf a wire rope, always measure the wire rope at three

6, 7, 12, 19, 24, or 37 wires in each strand. Usually, the
wire rope has six strands laid around a fiber or steel
center. %

Two common types of wire rope, 6 by 19 and 6 by
37 wire rope, are shown in figure 1-4. The 6 by 19 type

. . . . . . A SSTRANDS OF 19
of wire rope, having six strands with 19 wires in each WIRES (6 x 19)
strand, is commonly used for rough hoisting and
skidding work where abrasion is likely to occur. The 6
by 37 wire rope, having six strands with 37 wires in each Figure 1-4.—Two types of wire rope.
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a 1/2-inch-diameter wire rope. Using the formula

] above, you would solve the problem as follows:
o , 3 SWL = (1/2f x 8
sadsdatudutalatalulsdatudaalutidatal
- =F SWL = 2 tons
WIRE-ROPE ATTACHMENTS
CORRECT WAY Wire rope can be attached to other wire ropes,
CoRmBE VS ER chains, pad eyes, or equipment by splicing, which is
permanent, or by any of a number of wire-rope
attachments. These include sockets and wire-rope
clips. In general, these attachments permit the wire rope
o to be used with greater flexibility than would be
u possible with a more permanent splice. The
‘ . attachments allow the same wire rope to be made up in a
variety of different arrangements.
THIS DOES NOT GIVE
CORRECT DIAMETER

A temporary eye splice may be put in wire rope by
using clips. A single clip (fig. 1-6) consists of three
Figure 1-5.—Correct and incorrect methods of measuring parts: U-bolt, saddle, ar,]d nuts. The Corr,eCt and
wire rope. incorrect methods of applying these clips to wire rope
are shown in figure 1-6; the second incorrect method
shown is the most common. Notice that the correct way
places on a six-stranded, and four places on an eightis to apply the clips so that the U-bolts bear against the
stranded wire rope. Use the average of the threepitter end; that is, the short end of the wire roffethe

measurements as the diameter of the wire rope. clips are attached incorrectly, the result will be
_ distortion or mashed spots on the live end of the wire
Safe Working Load rope. After a wire rope is under strain, tighten the clips

again. On operating wire ropes, tighten the clips daily
The termsafe working loadSWL), as used in  and inspect the wire ropes carefully at points where
reference to wire rope, means the load that you can
apply and still obtain the most efficient service and also
prolong the life of the wire rope. Most manufacturers
provide tables that show the safe working load for their
wire rope under various conditions. In the absence of
these tables, you may apply the following rule-of-
thumb formula to obtain the SWL:

SWL (in tons) = B x 8

This particular formula provides an ample margin
of safety to account for such variables as the number,
size, and location of sheaves and drums on which the
wire rope runs and such dynamic stresses as the speed of
operation and the acceleration and deceleration of the g
load, all of which can affect the endurance and breaking
strength of the wire rope. Remember this formula is a
general computation,and you should also consider the
overall condition of the wire rope.

M E XX e LT

=
‘Jc\\\\J.\\\\J Twws

INCORRECT

In the above formula, D represents the diameter of
the rope in inches. Suppose you want to find the SWL of Figure 1-6.—Use of wire-rope clips.
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there are clips. Pay particular attention to the wire at the
clip farthest from the eye, as vibration and whipping are
heaviest here and fatigue breaks are likely to occur.

To obtainmaximum strength in the temporary eye
splice, use the correct size and number of wire clips.
The size is stamped on the saddle between the twg
holes. A rule of thumb for determining the number of
clips required for various sizes of wire rope is to
multiply the diameter of the wire rope by 3 and add 1.
Stated as a formula, this means

3D + 1 = number of clips.

For example, if the wire rope has a diameter of 1
inch, determine the number of clips as follows:

(3x1)+1=4clips

In case the answer contains a fraction, then use the
next largest whole number. For example, suppose you
want to find the number of clips for a wire rope 1/2 inch
in diameter. Using the formula, the answer would be 2
1/2 clips. You simply use the next whole number to get
the correct answer.

You should space the clips properly to provide a

good hold on the wire rope. You can determine the

O6NPO013
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correct distance between the clips by multiplying 6
times the diameter of the wire rope. Where D is equal to

06NPOO14
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Figure 1-7.—Wire-rope bends and couplings.
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2 - THMBLE

@ e T =

3 - CLOSED SOCKET
(BASKET SOCKET)

@——

5 - LINK AND THIMBLE

4 - OPEN SOCKET

o S E\ D)

6 - LINK AND CLOSED SOCKET

Go— ——ca2

7 - RING AND OPEN SOCKET

9 - HOOK AND THIMBLE

8 - SHACKLE AND THIMBLE

-

10 - BRIDGE SOCKET

Figure 1-8.—Wire-rope fittings.
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the diameter, 6 x D = DISTANCE BETWEEN CLIPS.
Here, as in determining the number of clips, if the
answer contains a fraction, use the next whole number.

You should inspect and tighten wire-rope clips at
regular intervals. Also, after comparatively long use,
remove the clips and examine the wire rope for broken

especially in shaft work. Hooks and rings used with
chain should have about the same strength as the chain.

SLINGS

Slings are widely used in the moving and hoisting
of heavy loads. You can obtain some types of slings

wires. If any are present, remove the damaged part an@lready made up, but frequently you may have to make

make a new attachment.

Knots

Although wire-rope fittings are stronger and safer
and make wire rope last longer, you may have to usﬁ
knots in emergencies. Use knots secured with clips (fig.
1-7). Figure 1-7 also shows the proper way to join two
wire ropes.

Fittings

fittings are attached to the ends of wire rope so thal
the wire rope can be easily connected to other wirg
ropes, chains, pad eyes, or heavy equipment. Figure 1-
shows some standard fittings. The type of fitting used
depends on the job. For instance, to hoist a bundle g
conduit from ground level, use two wire rope slings
made using a thimble in the wire rope and then attaching
a shackle to the thimble. A thimble in an eye splice
reduces abrasive wear on the wire rope (fig. 1-8, view
2).

Hooks and Shackles

Hooks and shackles (fig. 1-9) provide a useful
means of hauling the lifting loads without tying directly
to the object with a line, wire rope, or chain. They can
be attached to wire rope, fiber line, blocks, or chains.
Shackles should be used for loads too heavy for hooks tg
handle.

When hooks fail because of overloading, they
usually straighten out and lose or drop their I0&then
a hook has been bent by overloading, do NOT straighter
it and put it back into service.Cut it in half with a cutting
torch and discard it.

Hooks should be given a visual inspection at the
beginning of each workday and before lifting a full-
rated load.If you are not sure whether a hook is strong
enough to lift the load, use a shackle.

You should use hooks that close and lock where

0BNPOO1S

EYE HOOKS, SHANK HOOKS,
SWIVEL HOOKS
FORGED ALLOY STEEL
(SAFETY FACTOR = 5)

3..38..0
‘\ ivel Hook Shank Hook

MAXIMUM
THROAT OPENING SAFE WORKING LOAD
(INCHES) (POUNDS)
58 600
11116 800
3 1 1,500
11116 2,000
1158 2,500
¢ 1174 4,000
18 4,500
11332 5,000
112 5,500
117m2 6,000
111116 6,800
1252 8.000
178 8,400
1 15/16 10,000
21116 10,400
218 11,000
2114 12,500
25/16 13,000
2112 16,000
2916 18,000
3 19,200
3116 20,000
338 24,000
3716 26,000
4 33,400

SAFETY TYPE ANCHOR
SHACKLE

SAFETY TYPE CHAIN
SHACKLE

there is danger of catching on an obstruction. This
applies particularly to hoisting buckets, or cages, and

1-9

Figure 1-9.—Hooks and shackles.



your own. Slings may be constructed of fiber line, wire An endless sling is easy to handle, and you can use it in

rope, or chain. several different ways to lift loads. Frequently, it is
_ _ _ _ used as a choker hitch (fig. 1-10). To form a choker
Fiber-Line and Wire-Rope Slings hitch, cast the sling under the load to be lifted and

insert one loop through the other and over the hoisting
FIBER-LINE slings offer the advantage of pgok.
flexibility and protection of finished material. At the
same time, fiber-line slings are not as strong as wire- A SINGLE-LEG SLING, commonly referred to as
rope or chain slings. In a_ddition, fiber-line slings are 4 STRAP, can be constructed by forming a spliced eye
more likely to be damaged in the event of sharp edges on, aach end of a piece of fiber line or wire rope.

the material being hoisted than are wire-rope or chalnSometimes the ends of a piece of wire rope are spliced

slings. . . )
g into eyes around thimbles, and one eye is fastened to a

Three types of fiber-line and wire-rope slings hook with a shackle. With this arrangement, the shackle
commonly used for lifting a load are the endless, single- 54 hook are removable.

leg, and bridle slings.

An ENDLESS SLING, usually referred to as a A single-leg sling may be used as a choker hitch
SLING, can be made by splicing together the ends of a(fig. 1-11) in hoisting by passing one eye through the
piece of fiber line or wireope to form an endles$sop. other eyeand over théoisting hook.

NOTE: Ensure that the splice is always clear of the hooks and load.

Figure 1-10.—Choker hitch formed from an endless sling.
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Figure 1-11.—Choker hitch formed by a single-leg sling.

You can use single-leg slings to make various typesone end of each sling leg provides an adequate means
of BRIDLES. Two types are shown in figure 1-12. You for securing the sling to the load.
can use two or more single slings for a given
combination. Also, if an individual sling is not long Chafing gear (protective pads) must be used when a
enough for the job at hand, you can combine two of thesling is exposed to sharp edges at the comers of a load.
single slings to form a longer single sling. Pieces of round wood, heavy bagging, or old rubber

_ ~ tires are excellent materials to use as padding.
It is advantageous to have matched sets of slings

(that is, two or more of equal length) so that when it is Chain Slings

necessary to use more than one to hoist a load, the strain

will be equal and the load will come up evenly. You Chain slings are frequently used in hoisting and
should mark slings that are of equal length for ease ofmoving heavy steel items, such as rails, pipes, wide-
identification. Painting the eyes of equal-length slings flange beams, and angles. They are also desirable for
the same color is one way of doing this. slinging hot loads and in handling loads with sharp

In lifting heavy loads, always make a special effort €19€s that might cut wire rope.
to ensure that the bottoms of the sling legs are fastened Steel-length CHAIN SLINGS are available
to the load in a manner that will prevent damage to thewith variable type ends and lengths. Types include
load. Many pieces of equipment have eyes fastened ta 1/2-inch (12.7-mm) size sling, obtainable in either 12-
them during the process of manufacture to aid in lifting. or 20-foot (3.6-m or 6-m) length&his is a one-leg type
With some loads, though, fastening a hook to the eye onof sling with a center swivel, equipped with a grab hook
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load, and always consider the angle of lift when using a
sling chain bridle.

Store chains in a clean, dry place where they will
not be exposed to the weather. Before storage, it is a
good idea to apply a light coat of lubricant to prevent
rust.

Makeshift repairs, such as fastening links of a chain
together with bolts or wire, should never be permitted.
When links become worn or damaged cut them out of
the chain; then fasten the two adjacent links together
with a connecting link. After the connecting link is
closed and welded, it will be as strong as the other links.
For cutting small-size chain links, use bolt cutters. For
cutting large-size links, use a hacksaw or oxyacetylene
torch.

Inspection of Slings

Slings must be inspected frequently and removed
from service whenever defects are detected. Bear in
mind that a defective sling may cause serious injury to
personnel or extensive damage to equipment in case of
failure under load.

You should check FIBER-LINE slings carefully for
signs of deterioration caused by exposure to the
weather. You should also check closely to determine
whether any of the fibers have been broken or cut by
sharp-edged objects.

Broken wires are a major defect to look for when
inspecting WIRE-ROPE SLINGS. When four percent
of the total number of wires in the rope are found to have
nicks, or cuts, they should be replaced. However, if a
chain shows evidence of stretching or distortion of more
on one end and a pelican hook on the other. There is alsghan five percent in any five-link section, make sure the
available a 3/4-inch (19.05-mm) chain sling, 22 feet entire chain is discarded.

(6.6 m) long, with a grab hook on one end and a Cinch
(200-mm) link on the other.

Figure 1-12.—Bridles.

Before doing any lifting with a chain sling, first
place dunnage between the chain and the load to provide
a gripping surface.In handling rails or a number of
lengths of pipe, make a round turn and place the hook
around the chain as shown in figure 1-13.

In using chain slings, you must exercise care to
avoid twisting or kinking the chain while it is under
stress. This condition might cause failure of the chain,
even in handling a light load. Before lifting, make sure
that the chain is free from twists and kinks. Make sure,
also, that the load is properly seated in the hook (not on
the point) and that the chain is free from nicks or other
damage. Avoid sudden jerks in lifting or lowering the Figure 1-13.—Chain sling.
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The least sign of binding at the juncture points of
links indicates collapse in the sides of the link caused by
stretching. Such a condition is dangerous, and the chain
should be removed from service.

Spreaders and Pallets

When hoisting with slings, you may often need to
use spreader bars to prevent crushing and damaging the
load. Spreader bars are short bars or pipes that have
eyes fastened to each end. By setting spreader bars in
the sling legs above the top of the load (fig. 1-14), you
change the angle of the sling leg and avoid crushing the  Figure 1-15.—Cargo pallets in combination with slings.
load, particularly the upper portion.

The use of cargo PALLETS in combination with
slings is a big advantage on jobs that involve theoperational efficiency are the responsibility of all
hoisting and moving of small-lot items (fig. 1-15). You personnel involved.
may need to use spreader bars when hoisting pallets to
avoid damaging the pallets and load. The palletgigNnALLING
provides a small platform or board on which a number

of items can be placed and moved as a unit rather than  cEs are frequently required to act as signalmen for
piece by piece.Palletizing obviously is quicker and  crane or hoist operators and for the positioning of
procedures that should be observed in these operations.

MOVING MATERIALS AND Whenever the operator’s view is obstructed so that
EQUIPMENT he cannot see the path of travel of any part of the
The safe movement of equipment and materialsequipment, load, or components, a competent

does not just happen. It takes knowledgeable people tignalman is required to be stationed in such a position

icat ol and ri . P |that he or she can be easily seen by the operator and
communicate, control, and g movements. Fersonnel nare the signalman has a full view of the intended path

safety, undamaged materials/ equipment, andof travel of the equipment, load, or components, yet
where he or she will be clear of the intended path of
travel. The signalman should assist the operator by
watching the load when it is out of view of the operator
and communicating with the operator by the use of
prearranged visual signals (app. Ill) or a suitable

SPRBEQEER communication system.
The signalman must
e be fully qualified by experience with the
operation.
e wear high-visibility gloves.
] e use hand signals only when conditions are such
Q that the signals are clearly visible to the operator.

e be made responsible for keeping the public and
06NPOO20 all unauthorized personnel outside the operating
radius of the crane or the path of the equipment.

e direct the load so that it never passes over
Figure 1-14.—Use of spreader bars in a sling. anyone.
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When the signalman desires to give the operator It is equally important to rig the load so that it is
any instructions other than those provided by thestable. Unless the center of gravity of the load is below
established signal system, the operator should béhe hook, the load will shift.
instructed to stop all motion FIRST.

The safety of personnel involved in rigging and

Hand signals can be used effectively when thehoisting operations largely depends upon care and
distance between the operator and the signalman is nocommon sense. Remember these safe practices.
great, but two-way radios should be used when the
distance or atmospheric conditions prevent clear e Know the safe working load of the equipment
visibility. Adequate lighting and signalling and tackle being used. Never exceed this limit.
arrangements must be available during night work, and _ _ L
the equipment must not be operated when either is ® Determine the load weight before rigging it.

inadequate. e Examine all hardware, equipment, tackle, and
slings before using them arglrvey defective

components. Discarded equipment may be used by
PROCEDURES AND PRECAUTIONS FOR someone not aware of the hazards or defects.

LIFTING OPERATIONS o o _
e Never can-y out any rigging or hoisting operation

when the weather conditions are such that hazards to

The most important rigging precaution is to personnel, property, or the public are created. You must
determine the weight of all loads before attempting to carefully examine the size and shape of the loads being
lift them, to make ample allowances for unknown lifted to determine if a hazard exists during high wind
factors, and to determine the available capacity of the speeds. Avoid handling loads that have large wind-
equipment being usedn cases where the assessment of catching surfaces that could cause loss of control of the
load weight is difficult, safe load indicators or weighing load during high or gusty winds. The wind can critically
devices should be fitted. This chapter also includes aaffect the loading and load-landing operation and the
section dealing with the estimation of load weights.  safety of the personnel involved (fig. 1-16).

Figure 1-16.—Wind effects on load.
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Figure 1-17.—Minimum safe distance for working around energized conductors.

e 'The primary killer of riggers and those o Never use kinked or damaged slings or hoist wire
persons handling loads is electrocution caused by ropes. To provide maximum operating efficiency and
the contact of the boom, load line, or load of a crane ~ Safety, you should give all slings and fittings thorough
with electric power lines.When working with or periodic inspections as well as daily inspections for

around cranes that are within a boom’s length of anyz’:ggsegf mﬁﬁrsaqgoizrﬁ'&?{ b;(;]léeg V|\|”cr:ss I\</:/r(1)kr|rr]1 or
power line, you must ensure that the power to that” . gs, 9 PIICES, 9,
crushing, flattening, and corrosion. Special care should

section of line is securedf for some reason this cannot )5 taken in inspecting the areas around thimbles and
be accomplished, a competent signalman must b‘ﬁttings.

stationed at all times within view of the operator to
warn him when any part of the machine or its load is
approaching the minimum safe distance from the
power line (fig. 1-17). You must also exercise caution
when working near overhead lines that have long
spans, as they tend to swing laterally because of the
wind, and accidental contact could occur.

0BNPOO30

e The safe working loads of hoisting equipment
apply only to freely suspended loads on plumb hoist
lines. If the hoist line is not plumb at all times when
handling loads, then additional side loads will :
endanger the stability of the equipment. In WRONG. THE HOIST LINE WUST BE PLUMB AT ALL TIMES.
circumstances such as this, structural failures can result
without any warning (fig. 1-18). Figure 1-18.—Incorrect lifting procedures.
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e When using choker hitches, do not force the eye e Keep the load under control at all times. Where
down towards the load once tension is applied. Wirenecessary by the rotation, use one or more guide wire
rope damage is the invariable result (fig. 1-19). ropes or tag lines to prevent the rotation or uncontrolled

e \Whenever two or more wire rope eyes must be motion (fig. 1-21).
placed over a hook, install a shackle on the hook with e and all loads safely and block them properly

the shackle pin resting in the hook and hook the wirepefore unhooking and unslinging them (fig. 1-22).
rope eyes to the shackle. This will prevent the spread of

the sling legs from opening up the hook and also prevent ~ ® Never wrap the hoist wire rope around the load
the eyes from damaging each other when under loadhttach the load to the hook by slings or other rigging
(fig. 1-20). devices that are adequate for the load being lifted.

The following procedures and precautions should e Bring the load line over the center of gravity of
be observed whenever loads are to be handled: load before starting the lift.

e Rig all loads to prevent the dislodgement of any e Load and secure materials and equipment being
part Suspended loads should be securely slung antioisted to prevent any movement that could create a
properly balanced before they are set in motion. hazard in transit.

LET THE EYE RIDE HIGHER AND KEEP THIS ANGLE
APPROX. 45* OR MORE.

GET SEVERE LOADING IN SUNGS BECAUSE
OF LOW SUNG ANGLES.

CORRECT — USE THIMBLES NCORRECT~ SHACKLE PIN BEARING
ON RUNNING LINE
CAN WORK LOOSE.

Figure 1-19.—Proper position of choker hitches for lifting.
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Figure 1-22.—Before loads are unhooked, they must be
properly blocked.

Figure 1-20.—Shackle use with two or more wire ropes. _
e Never allow the load to be carried over the heads
of any personnel.

e Keep hands away from pinch points as the slack ~ ® Never make temporary repairs to a sling.
is being taken up. Procedures for proper repairs to a damaged sling should
be established and followed
¢ Wear gloves when handling wire rope.
¢ Remove or secure all loose pieces of material
e Make sure that all personnel stand clear while from the load before it is moved.

loads are being lifted and lowered or while the slings are
catch under the load and suddenly fly free. that all sling legs are taking the load.

e Before making a lift, check to see that the sling is

properly attached to the load
HAZARDOUS MATERIAL

e Never, under any circumstances, ride on a load
that is being lifted. Read OPNAVINST 4110.2 dated 20 June 1989,
subject: Hazardous Material Control and Management
(HMC&M). This instruction establishes uniform
policy, guidance, and requirements for the life-cycle
control and total quality leadership (TQL) of hazardous
material acquired and used by the Navy.

This instruction, unless otherwise specified applies
to all Navy organizations and shore activities involved
in the planning, procurement, acquisition, stowage,
distribution, requisition, use, or other disposition of
hazardous material (including disposal of used
hazardous materials and hazardous wastes in the United
States and its territories). Navy shore activity
requirements in foreign countries are to comply with the
requirements of host nation Status of Forces agreements
if they are more restrictive than U.S. regulations.
Where host national requirements are less stringent,

conform to U.S. OSHA and EPA laws and regulations
Figure 1-21.—Using tag lines to control load. to the extent feasible.
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The Department of Defense (DoD) established the  You must be aware of any chemical hazards that are
Hazardous Material Information System (HMIS) to used in your work spaces or on the jobsién MSDS
acquire, stow, and disseminate manufacturer's data ormust be available in the workplace or posted
hazardous material (HM). The system provides aconspicuously on all hazardous materials. The MSDS
means to share and communicate information on HMmust be provided by the supply department and also by
procured by a single DoD activity with all other suppliers of any hazardous material issued or
commands, activities, and units within DoD. purchased. The MSDS must contain all the information
you will need to work, stow, and dispose of hazardous
material safely. In addition, the MSDS will identify any
personnel protective clothing or equipment needed, as

well as first aid or medical treatment required in case of
As you read the above paragraphs, you may havesxposure.

been inclined to think that the message and warnings

could not possibly apply to you at your level. If this is

what you thought, you were definitely wrong. It is true LABELED HAZARDOUS MATERIAL

that the above instructions, along with a few others, give AND HAZARDOUS WASTE

us the rules and regulations we must follow in regard to CONTAINERS

hazardous material, but they were also written for your

protection. You, as a DoD employee, are ensured that Each container of material possessing hazardous
the information on hazardous materials you may comeingredients should be properly labeled by the
in contact with will be available to you. This manufacturer, importer, and or shipper(s) to warn
information is to be made available by means ofpersonnel of the potential dangers of the matelnaihe
comprehensive hazard communication programsgevent warning labels are inadvertently removed or
which are to include container labeling and other forms damaged in shipping before receipt by shore activities,
of warning, Material Safety Data Sheets (MSDS), and commercial suppliers should be required to provide
training. OSHA Hazard Communication (HAZCOM) compliant
replacement labels. Activities are not required to put
QOD or other hazardous material warning labels on new
stocks because the manufacturer is responsible for

HAZARDOUS WASTE AND THE SEABEE

As a member of today’s Navy, you must be aware of
the importance of hazardous material, used hazardou
material and hazardous waste. You also must recogniz . . : .
the hazards of hazardous material, used hazardo l?x%%ﬁ \ggr?ég? dlabel on it that conforms with the
material and hazardous waste to personnel and the '
environment. You must pay particular attention to OSHA labeling requirements are provided in
OPNAVINST 4110.2 and OPNAVINST 5100.23C on reference 29 CFR 1910.1200 for workplace use of
the use, stowage, and disposal of hazardous material ihazardous material. This OSHA standard requires that

your workplace. containers of hazardous material be labeled, tagged, or
marked with the identity of the hazardous chemical(s);

MATERIAL SAFETY DATA SHEETS appropriate hazard warnings; and the name and address

(MSDS) of the chemical manufacturer, importer, or other

responsible party. Further information on hazard-

To comply with the OSHA Hazard Communication ous material labeling can be found in DODINST
Standard, 29 CFR 1910.1200, manufacturers o0f%050.5.
chemical products must use an MSDS, OSHA Form
174, or an equivalent form containing the identical data HAZARDOUS MATERIAL
elements to inform the users of the chemical, physical,LABEL
and hazardous properties of their product. The
completed form identifies key information about the Labeling and marking of hazardous material
product; name, address, and emergency contact for theontainers is a function of the manufacturer, importer,
manufacture; the identity of hazardous ingredients;or distributor. Your supply department should not
physical/chemical characteristics; fire and explosion accept improperly or incompletely labeled hazardous
hazard data; reactivity data; health hazard dataymaterial. They should refuse to accept it and return it.
precautions for safe handling and use; and controHowever, if you need to relabel a container because the
measures (fig. 1-23). All data submitted must comply original label becomes damaged, unreadable, or is
with the provisions of FED-STD 313C (NOTAL). missing, use the DoD Hazardous Chemical Warning
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Material Safety Data Sheet U.S. Department of Labor (
May be used to comply with Occupational Safety and Health Administration 9)
OSHA's Hazard Communication Standard, ( Non - Mandatory Form )
29 CFR 1910.1200. Standard must be Form Approved
consuited for specific requirements. OMB No. 1218 - 0072
IDENTITY (As Used on Label and List) Note : Diank spaces are nol permited K any item is not applicable, or no
informaton s avaiable, e space must be marked o indicate that

Section |
Manufaclurers Name Emergency Telaphone Numbes
Aadiees ( Aumber, Streel, Clty, Stase, and Jp Code) Teiephone Number for Information

Date Prepared

§g\um of Preparer ( Oplional )
Section |l — Hazardous Ingredients / Identity Information

Other Limi

Hezardous Components ( Specific Chemical Identity ; Common Name(s) OSHA PEL ACGIH TLY aooorml;":a % ( Optional )
Section Ill — Physical / Chemical Charactaristics
Boling Point Specific Gravity (HxO = 1)
Vapor Pressure (mm Hg) Melting Point
Vapot Density (Air = 1) Evaporaton Raw

( Butyl Acetale = 1)
Solubilty in Waler
Appeararce and Color
Section |V — Fire and Expiosion Hazard Data .
Flash Powt ( Melthod Used) Frammeble Limits LEL UEL
Extnguishing Mede
Specul Fire Fighiing Procedures
Unusual Fire and BExplosion Hazards
( Reproduce Locally ) OSHA 174, Sept 1965

ZZMSDSF
Figure 1-23A.—Material Safety Data Sheet (front).
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Section V — Reactivity Dala

Swbility Unstabtie Condiions to Avold

Swbie

Incompatibllity ( Meferals 1 Avoid )

Hazardous Decomposiion or Byproduc

Hazardous May Occur Conditons 10 Avoid
Polymen zation

WAl Not Occur

Section VI — Health Hazard Data

Routa(s) of Entry : Infwiation 7 Skin 7

ingestion 7

Heaith Hazards { Acuw and Chror j

Carcinoganicity : NTP ? IRAC Monographs ?

OSHA Reguiated 7

Signs and Symptoms of Exposure

Medical Condtors

Generally Aggravated by Exposure

Emergency and First Aid Procecures

Section VII— Precautions for Safe Handiing and Use

Steps 1o Be Taken In Case Materal is Reieased or Spitled

Wasie Diepossl Method

Precaubons 10 Be Taken in Handing and Storing

Section VIii — Control Measures

Fespiraiony Protecion { Spedy Type )

Ventilaton Local Exheust

Mecharical ( General )

Protectve Gioves Eye Protection

Other Protective Ciothing or Equipment

Woh/ Hygienic Practices

Page 2

ZZMSDSB

Figure 1-23B.—Material Safety Data Sheet (back).

Label in figure 1-24. These are the only approved labels
to be used to identify hazardous material (according to

EMBARKATION
The movement of equipment/material done at a

DODINST 6050.5) and can be filled in using the DoD battalion level will involve personnel throughout the
HMIS CD-ROM. command. While Alpha company has the bulk of the
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HEALTH HAZARD FIRE HAZARD

4. DEADLY 4. VERY FLAMMABLE - GASES, DUSTS
OR MISTS..FLASHPOINT BELOW 73°F

3. EXTREME DANGER ither i

2 HAZARDOUS

1. SLIGHTLY HAZARDOUS 3. READILY IGNITED LIQUIDS - UNDER

NORMAL TEMPERATURE CONDITIONS.
SHREDDED OR FIBROUS SOLIDS WHICH
MAY SPONTANEOUSLY IGNITE..
GASOLINE - ALCOHOL CLASS. FLASHPOINT
BELOW 100° F

2. LIQUIDS OR SOLIDS WHICH MUST BE
MODERATELY HEATED BEFORE IGNITION
KEROSENE - JP - 4 CLASS. FLASHPOINT
BELOW 200° F

1. MOST COMBUSTIBLE SOLIDS. MATERIALS
WHICH MUST BE PREHEATED TO BURN.
FLASHPOINT NOT BURN..

0. WILL NOT BURN..

0. NORMAL MATERIALS

YELLOW

SPECIFIC HAZARD REACTIVITY

OXIDIZER oxy 4. MAY DETONATE

ACID ACID 3. SHOCK AND HEAT MAY DETONATE
ALKALI ALK 2. VIOLENT CHEMICAL CHANGE
CORROSIVE ~ COR 1. UNSTABLE IF HEATED
USENOWATER W~ 0. STABLE

Figure 1-24.—Hazardous chemical warning label.

responsibility, you, as a CE, can and will become Navy, Marine Corps, and other forces, and perform and
involved. participate in disaster recovery operations and field
exercises (FEX). The Air Det has approximately 90
personnel assigned and contains air-liftable supplies,
tools, and Civil Engineer Support Equipment (CESE) to
_ _ ) perform both horizontal and vertical construction. The
Navglle hﬁgbﬁ)lgtaégrgggtgﬁgnDel;)ét?gli(S)tr?te(cll\l:\r)lCl:Jl.B?. Air Det is self-sufficient for 30 days (600 construction

. , : hours), except for ammunition, rations, and fuel. The
Doctrine and Policy GoverningDPNAVINST = aj, De)t can o%erate independently of an NMCB for an
5450.46, is part of a Naval Mobile Construction jngefinite period when provided logistic support.
Battalion (NMCB) organization and is capable of
deploying within 48 hours of notification. The mission Personnel are assigned to the Air Det by the
of the Air Det is to provide contingency support for the Battalion Operations Department using the basic

AIR DETACHMENT
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guidelines provided in thdCF Embarkation Manual, OPERATOR ASSIGNMENTS
COMCBPAC/COMCBLANTINST 3120.1. The
ratings and number of personnel assigned to the Air Det
are governed by the tasking of the mission. Once the CESE list has been established, the
equipment platoon supervisor must assign operators
The Air Det is organized into three platoons: an and co-drivers. Operators are required to accompany
equipment platoon, a support platoon, and athe CESE throughout the transport to the mission site
construction platoon. The equipment platoon and also must stand by their assigned CESE that has
supervisor organizes the platoon into a military been prepared and staged at the marshalling area for the
formation and assigns military and job-related joint inspection (JI). The staging and marshalling area
responsibilities. is where equipment and materials are received. CESE is
inspected for cleanliness and fluid leaks, mobile loads
are completed, vehicles are weighed and marked for
TABLE OF ALLOWANCE (TOA) center of balance, cargo is palletized on the Air Force
463L cargo pallets (fig. 1-25), and cargo and CESE are
placed into a configuration for each aircraftpre-Ji is
The Table of Allowance (TOA) outfits the Naval held and performed by the battalion embarkation officer
Mobile Construction Battalion with the capability to and the regiment embarkation staff from Port Hueneme,
perform construction operations under contingency California, or Gulfport, Mississippi, during the home-
conditions for 90 days (1800 construction hours) port period. When the battalion is deployed overseas,
without resupply. However, fuel and subsistence areCOMCBPAC/COMCBLANT embarkation
limited to 15 days support, and construction materialsrepresentatives perform the pre-Ji. The pre-JI allows
that support construction operations are not part of thethe battalion time to correct any discrepancies before
TOA. The area commander/project sponsor requiring the main JI.
the use of Seabees is responsible for the procurement

and shipment of construction materials. CESE AND MATERIAL PREPARATION

The Civil Engineer Support Office (CESO), Port
Hueneme, California, is the system manager Upon notification of the Air Det to mount-out. the
responsible for maintaining NCF TOAs. CESO battalion reorganizes and sets up a mount-out control
develops new allowances as directed bycenter (MOCC). The MOCC is under the direction of
COMNAVFACENGCOM and collects field the battalion executive officer. The MOCC controls,
recommendations for revisions to existing TOAs. The coordinates, and monitors the movement of all
TOA represents the best selection of tools and suppliepersonnel, supplies, and equipment to the marshalling
needed to provide general construction capabilities;area. The MOCC and the embarkation staff control all
however, the TOA is not capable of meeting every aspects of an NMCB mount-out and serves as the
conceivable operational requirement. When ancoordinating center for all the companies and battalion
assigned project requires tools or equipment in excesstaff.
of the unit's capability, the allowance is supplemented
by augmentation. PALLETIZED CARGO

CESE REQUIREMENTS The 463L pallet is the Air Force standard
equipment for the movement of concentrated cargo.

The amount of CESE and supplies required for aMilitary aircraft installed with a dual-rail system that
mission is controlled by the availability of airlift, sealift, consists of rows of rollers allow the 463L pallets loaded
or over-the-road support. This requires the Air Det to with cargo to move easily into the aircraft. The 463L
preplan and prioritize all tasking and request only the pallet is made of corrosion-resistant aluminum and has
amount of resources needed to accomplish the missiora softwood core. The pallet has an outside dimension of
successfully. The knowledge and expertise of the108 inches by 88 inches and is 2 1/4 inches thick. The
equipment platoon supervisor enhances the Air Det's cargo area space is 104 inches by 84 inches, which
ability to identify and request the required CESE, allows for 2 inches around the pallet to attach straps,
supplies, and POL for the Air Det mission. This allows nets, or other restraint devices. The pallet weighs 290
the embarkation office to prepare aircraft load plans to pounds empty and has a maximum load capacity of
meet the Air Det's needs. 10,000 pounds.
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(2 REQUIRED)

HCU - 6/ (483L)
AERO PALLET

Figure 1-25.—463L pallet with cargo and net.

PROJECTS construction projects depends on the urgency for the Air
Det to embark to the mission site.

The primary purpose of the construction platoon is
to perform construction operations for the Air Det with
the support of the equipment and support platoons. TOOL KITS
Construction tasking covers a broad scope of activities:
disaster recovery operations, war damage repairs, rapid Some tool kits are groups of tools assembled for
runway repairs, humanitarian relief, constructing specific purposes, like bending conduit or pulling wire
advance base functional components, and so forth. Ther cable. Other kits include tools for general electrical
assignment of ratings assigned to the Air Det dependsconstruction work. The kits for general work include
on the extent of tasking, such as horizontal or vertical toolboxes. Enough toolboxes are supplied in the kit for
construction. The amount of time allotted to plan one crew of Construction Electricians.
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The Civil Engineer Support Office (CESO) Forms 1250-1s will be attached to the biweekly
determines the contents of the kits. CESO is located ainventory sheets (fig. 1-27). EXCESSIVE
the Construction Battalion Center (CBC), Port SHORTAGES BETWEEN INVENTORIES ARE TO
Hueneme, California. Kit contents may change as newBE INVESTIGATED.
tools become available and as the need for a particular
assembly is pointed out to CESO by Construction

Electricians in the field TOOL STOWAGE AND SECURITY

TOOL KIT INVENTORIES
The crew leader must plan ahead for tool stowage

The requirements associated with tool kit and security. When there is no secure place to stow tools
accountability sometimes vary from one activity to at the jobsite, you may need to make arrangements to
another. You are responsible for tools checked out tohaul them back to the camp each day. “Gang” boxes are
you from the central toolroom (CTR). Tools are not sometimes used to secure all the tools of a crew at a
only expensive but are essential equipment for thosgobsite. These are large lockable boxes constructed of
who use them in constructing a quality project. The wood or steel and are sometimes equipped with wheels.
proper tools must be available when and where they areEven though these boxes may have sloped roofs and be
needed. The only way to be certain the right tools arewaterproofed, they should be placed on high ground in
available when needed is to keep track of them at allcase of local flooding. Once you have considered
times. storage and security of tools, you need to decide how to

Kits from CTR should be maintained at 100 percent keep up with them through the workday.

of kit assembly allowance. Damaged and worn tools  You are responsible for the security and safe
should be returned to CTR for replacement in kind. operation of your tools. Crew members may want to
Tools requiring routine maintenance, such as powercarry their toolboxes to the jobsite or leave them in the
tools, should be turned in for repair and reissue. Yougang box or secure area. Toolboxes are best kept
will be required to submit NAVSUP Form 1250-1s (fig. locked. Tools used daily may be kept in a pouch. For
1-26) signed by a designated officer for tools and/or safety and tool-security reasons, you should be
consumables needed to replace consumed, lost, agspecially careful not to leave small hand tools lying
missing items in the kits. Normally, these NAVSUP around.
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Figure 1-26.—Single-Line Item Consumption Document (Manual), NAVSUP Form 1250-1.
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CHAPTER 2

DRAWINGS AND SPECIFICATIONS

The Naval bases, advance bases, Seabee campaccording to the Military Standards (ML-STD-100)
and equipment of the Navy were built from plans drawn (latest revision) Engineering Drawing Practices.
on blueprints. They are operated, checked, andAmerican National Standard Institute (ANSI) is the
maintained according to information found on these mandatory publication used by the Navy for the graphic
same blueprints. When the equipment fails in service orsymbols (ANSI Y32.2—1975) and electrical wiring
is damaged in battle, blueprints are used to aid thesymbols (ANSI Y32.91—1972). These standards are
repairman. When new parts are to be made or a facilityused on electrical diagrams and electrical drawings.
is expanded, blueprints provide the necessaryThe various parts of a blueprint are described briefly in
information Planning, scheduling, and manpower andthe following paragraphs.
material estimating are based on the information
contained in these blueprints. This chapter discusses
the function and care of blueprints and the importanceTitle Block
of being able to read and work from them.

This chapter will also discuss electrical diagrams ~ The requirements that determine what information
and schematics. Diagrams and schematics are map¥ust be included in a title block (fig. 2-1) varyhe title
that indicate the configuration of circuits and circuit block, however, will contain the title of the drawing, the
connections and components of electrical equipment.signature of the approving authority, the drawing
When properly used, they are an invaluable aid innumber, the sheet number (when the drawing is one of a
installation, troubleshooting, and repair of an electrical set of several sheets), and the number of sheets in the
component. Understanding and being able to useproject set.
blueprints and schematics will be some of the most 1o Naval Facility Engineering Command

important work assignments you will have as a \avFACENGCOM) also requires the following
Construction Electrician. information in title blocksthe name and location of the
activity; the specifications and contract numbers (if
BLUEPRINTS any); the preparing activity, including the architect-
Blueprints are reproduced copies of mechanical orENgiNeer (A-E) firm, if applicable; and the surnames of
the personnel concerned in the preparation of the

other types of technical drawingghe termblueprint -y avings The code identification number 80091 is to
readingmeans interpreting the ideas expressed by

others on drawings whether the drawings are actually’ Pl in the title block of all NAVFACENGCOM
: 9 g ydrawings as well as a sheet designation letter (I—Index,
blueprints or not.

C—Civil, A—Architectural, S—Structural,
Drawing or sketching is the universal language M—Mechanical, P—Plumbing, E—Electrical, and

used by engineers, technicians, and skilled craftsmenW—Waterfront).

Whether this drawing is made freehand or with drawing

instruments, it is used to convey all the necessaryDrawing Number

information to the individual who will then fabricate

and assemble the mechanical device. All blueprints are identified by a drawing number
that appears in a block in the lower right-hand comer of
PARTS OF A BLUEPRINT the title block. The drawing number is especially

important, both for purposes of filing the blueprint and
Military blueprints are prepared as to size, format, for locating the correct drawing when it is specified on
location, and information included in the various blocks another blueprint.
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Figure 2-1.—Title block.
Revision Block One-eighth inch on such a drawing is equal to a foot of

o _ _ the actual size of the project. Although the original

~ The revision block is usually located in the upper drawing is scaled accurately, your drawing will be a

right-hand comer of the blueprint and is used for ¢opy of that original and will not likely be the same size

recording of changes (revisions) to the print. All a5 the original drawing. The copy may have been

revisions are noted in this block and are dated anggq ceq slightly. The paper size is also affected by
|de_n'g|f|eollc_ byzazletter and a brief description of the temperature and humidity. The paper may stretch or
revision (fig. 2-2). shrink. Because of these factors, do not rely on
Scale measurements taken by laying a rule on the drqwing.
For example, do not assume that a number of units (as

The graphic representation of the project is drawn 1/8-inch increments) on the drawing is equal to that

to some proportion of the actual size of the project. same number of feet on the project. This may or may

o >
v
1/4" \ REVISIONS
1/4" ZONE | LET |DESCR (GPTION PREP'D BY DATE APPROVED
R )
I \\ ZONE COLUMN WHEN USED
172" KY:
— 4——))— 3 1/2" »>ie 1" > 5/8" < 14—
~l
B84NPO0S0

Figure 2-2.—Revision block.
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not be true. The assumption can result in expensive andigure 2-3 shows the symbols and their meanings from
time-consuming rework. Play it safe and read thethe partial floor plan below it.
dimensions shown on the drawing.

Bill of Material
Legend or Symbols

On a blueprint, the bill of material block contains a
list of the parts and material used on or required by the
print concerned. The block identifies parts and
materials by stock number or other appropriate number
Iand also lists the quantity used or required.

The legend, if used, is generally placed in the upper
right-hand comer of a blueprint below the revision
block. The legend is used to explain or define a symbol
or special mark placed on a blueprint. A symbol may
have more than one meaning. It should be noted that al
symbols used are not from a single standard. The The bill of material often contains a list of standard
important thing is that you understand the meaning ofparts, known as a parts list or schedule. Many
the symbols on the drawing on which you are working. commonly used items, such as machine bolts, screws,
The legend will give you that meaning. The legend in fittings, and valves, have been standardized by the

LEGEND

QO ceuna ouTeT
_.O WALL BRACKET
-e DUPLEX RECEPTACLE
=& DUPLEX RECEPTACLE - ONE HALF SWITCH CONTROLLED

=) DUPLEX RECEPTACLE - WEATHERPROOF
WP
@ SPECAL OUTLET

5-83-SA SWITCHES - SINGLE-POLE, 3-WAY, 4-WAY

\. J/

B84NP0O091
Figure 2-3.—A legend with partial floor plan.
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military. A bill of material for an electrical plan is There are many different types of specifications. A
shown in figure 2-4. few of those common to the Naval Construction Force
(NCF) will be discussed here.

SPECIFICATIONS

_ _ NAVFACENGCOM SPECIFICATIONS
Even well-drawn construction drawings cannot

adequately reveal all the aspects of a construction

project. There are many features that cannot be shown NAVFACENGCOM specifications are prepared
graphically. For instance, how can anybody show on aby the Naval Facilities Engineering Command, which
drawing the quality of workmanship required for the sets forth the standards of construction for the NCF and
installation of electrical equipment or who is all work performed under the jurisdiction of the Naval
responsible for supplying the materials, except byFacilities Engineering Command.

extensive hand-lettered notes. The standard procedure

then is to supplement construction drawings with Several types of specifications influence the
written descriptions. These detailed written preparation of NCF project specifications. These
instructions, commonly called specifications (specs), include NAVFACENGCOM guide specifications and
define and limit the materials and fabrication according type specifications; commercial specifications and
to the intent of the engineer or the designdhe standards; technical society and association standards,
specifications are an important part of the projectsuch as American National Standards Institute (ANSI)
because they eliminate possible misinterpretation andand Underwriters Laboratories (UL); and

ensure positive control of the construction. manufacturers’ standards.
BILL OF MATERIALS
QUANTITES
TEM DESCRIPTION giSFES':BNLOY
NO. UNIT * | TROP |NORTH
3-1 | LIGHTING CIRCUIT - NAVFAC DWG. NO. 203414 EA | 3016 3 3
3-2 | POWER BUS, 100A - NAVFAC DWG. NO. 304131 EA 3047 1 1
3.3 | RECEPTACLE CKT - NAVFAC DWG. NO. 303660 EA | 3018 2 2
3-4 | BOX. RECEPTACLE W/CLAMP FOR NONMETALLIC SHEATHWIRE | EA | 5325.102-604 3 3
LAMP ELECTRIC, MED. BASE, INSIDE FROSTED, 200W , 120V EA | 6240-180-314 s0 | so
3-6 | PLUG:ATTACHMENT, 3 WIRE, 15 AMP, 125V EA | 5935-102-309 10 | 10
3.7 | PLATE: BRASS, DUPLEX RECEPTACLE EA | 3325-800-101 5 5
3.8 | RECEPTACLE, DUPLEX.3WIRE, 15AMP, 125V EA | 5325-100-102 5 5
3.9 | ROD.GROUND, 34" X 10- 0 EA | 5306-200-180 12 | 12
3-10 | WIRE, NO. 2 1/C STRANDED, HARD DRAWN, BARE LB 6143-134-200 52 52
3-11 | SWITCH, SAFETY, 2 P, ST 30 AMP, 250V, PLUS FUSE EA | 5930-142-401 2 2
3-12 | CLAMP, GROUND ROD EA | 5208-100-101 13 | 13
3-13 | SWITCH, SAFETY, 200 AMP, 250V, 3P EA | 8930-201-903 1 1
3-14 | FUSE. RENEWABLE, 200 AMP, 250V €A | 5920-100-000 6 6
3-15 | LINK, FUSE, 200 AMP, 250 V EA | 5920-100-001 s ]
FUSE PLUG, 30 AMP, 125V EA | 5920-100-102 12 12
WWWW‘*.I\M/\_\,_/\-

ZZBAMOO4
Figure 2-4.—Bill of material.
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FEDERAL AND MILITARY frame, steel frame, or concrete), type or types of doors
SPECIFICATIONS and windows, types of mechanical and electrical
installations, and the principal function of the building.

Federal specifications cover the characteristics of ~ Next follows the specific conditions that must be
materials and supplies used jointly by the Navy and carried out by the constructors. These are grouped in
other government agencies. Federal specifications dadivisions under headings applying to each major phase
not cover installation or workmanship for a particular of construction, such as the following typical list of
project but specify the technical requirements and testdivisions:
for materials, products, and services. Federal
specifications dictate the minimum requirements 1. GENERAL REQUIREMENTS

acceptable for use of all federal agencies. The 2. SITE WORK
engineering technical library sh_oyld contain aI_I of the 3. CONCRETE
commonly used federal specifications pertinent to
Seabee construction. 4. MASONRY
Military specifications are those specifications that 5. METALS
have been developed by the Department of Defense. ¢ cARPENTRY
Like federal specifications, they also cover the
characteristics of materials. They are identified by MIL 7. MOISTURE CONTROL
preceding the first letter and serial number, suchas g poORS, WINDOWS, AND GLASS
MIL-L-19140C (lumber and plywood, fire-retardant
Your main concern will be with project 10. SPECIALTIES
specifications. Even if you do not see them, you should 11, EQUIPMENT
know that they exist and what kind of information they
include. 12. FURNISHINGS
13. SPECIAL CONSTRUCTION
PROJECT SPECIFICATIONS
14, CONVEYING SYSTEMS
Construction drawings are supplemented by 15. MECHANICAL
written project specifications. Project specifications
16. ELECTRICAL

give detailed information regarding materials and
methods of work for a particular construction project. 17. EXPEDITIONARY STRUCTURES
They cover various factors relating to the project, such
as general conditions, scope of work, quality of
materials, standards of workmanship, and protection of
finished work. The drawings, together with the project
specifications, define the project in detail and show
exactly how it is to be constructed. Usually, any set of
drawings for an important project is accompanied by a
set of project specifications. The drawings and project
specifications are inseparable. The drawings indicate
what the project specifications do not cover; and the
project specifications indicate what the drawings do not
portray, or they clarify further details that are not
covered or amplified by the drawings and notes on the
drawings. Whenever there is conflicting information on
the drawings and project specifications, the project
specifications take precedence over the drawings.

Sections under one of these general categories
sometimes begin with general requirements for that
category. For example: under DIVISION 16.—
ELECTRICAL, the first section might read as follows:

16.—0l.—General Requirements.—
Electrical installation must conform to the
requirements of the National Electrical Code®.
This includes all temporary work and the
complete installation. The service entrance
equipment must conform to the requirements of
the local electric utility company if it is the
source of electric power for the building or
facility.

Subsequent sections under DIVISION 16.—
The general requirements are usually the firstELECTRICAL would specify various quality criteria
specifications listed for the structure, stating the type of and standards of workmanship for the different types of

foundation, character of load-bearing members (woodelectrical installation work; for example:
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16.—05.—Installation of Wires and
Cables. Installation of wire in conduit is made
with the use of pull lines or fish tapes and an
approved wire-pulling lubricant. Suitable
equipment should be provided to prevent
cutting or abrasion of conductor insulation
during the pulling of the wires. Lubricating
compound must not have a harmful effect on
the conductor insulating materials. All wires in
a conduit are bundled and pulled at one time.
Pulling lines are attached by direct connection
to the conductors or by the use of a cable grip.
Slack is provided at attachment of devices or
splicing. In outlet boxes, for future installation
of wiring devices, the ends of wires are
insulated with tape or a suitable wire connector.
All conductors of each circuit in a junction box
containing multiple circuits must be
permanently identified with suitable labels.

Nonmetallic-sheathed cable may be
installed exposed on walls and ceilings in
protected areas or concealed in hollow walls,
under floors, or above ceilings. Provisions for
outlets and switches are made by running the
cable into outlet boxes. All splices are enclosed
in outlet or junction boxes; this requirement
applies to both exposed and concealed
installation.

interpret electrical symbols correctly. Knowing how to
draw and interpret freehand sketches is also important.
You will see how the different parts of a drawing relate
to the overall plan the drawing represents. You will also
learn to recognize the different types of drawings and
their uses.

SYMBOLS

One of the most important symbols to use right at
the beginning of a new job is the directional symbol.
This symbol, which is usually an arrow labeled "N" for
north, enables the reader of a construction drawing to
orient it. A drawing is properly oriented when it is held
so that the north arrow shown on the drawing is pointing
toward north. Construction Electricians sometimes
find themselves standing in open ground with only a
drawing and an area staked off by the Engineering Aid
who tells them where to start shoveling for an
underground conduit run. The drawing must be
properly oriented so the reader can relate the
information on it to the surrounding area.
Understanding common standard symbols, such as the
north arrow mentioned above, is a must for some one
who expects to do well inelectrical construction work.

Some of the most common symbols you will see in
building construction work are listed in figure 2-5.
These symbols were selected from ANSI Y32.9—1972.
Study these symbols carefully. A good way to
memorize them is to copy each symbol several times

The moment your battalion or unit receives orders While thinking of the electrical component or device it

to undertake a major construction project, watch for the represents. Learn to relate each symbol mentally to the
arrival of sets of drawings and specifications, which are component it represents whenever you see the
usually provided well in advance of the deployment component. For example, as you pull the wire through a
period. These drawings and specifications will also be conduit in a floor slab, you might try to recall the symbol
the basis for the P&E and scheduling. Take a look at thementally for “wiring concealed in floor.” When you
specifications. After you advance in rate, especially if walk into the company office and see a duplex
you are concerned with P&E, it will be your receptacle outlet, you should think about its symbol.

responsibility to study the applicable specifications This practice will enable you to associate symbols to
thoroughly. actual electrical devices. This type of training will help

e ou become a better CE.
NAVFACENGCOM has prepared specifications y _
that cover practically every subject on naval  Although figure 2-5 shows some of the most
construction. These specifications are the standard§ommon standard symbols, these are by no means the

followed by the NCF—above all other specifications only ones you will see in your work. Sometimes a
that may be available. symbol for a particular component or device may have

been created by the architect or engineer who developed
the drawing. For various reasons, some of the symbols
DRAWINGS AND SKETCHES on a drawing may not be standard. Many times you will
As a Construction Electrician you will be required figure out what a symbol means by analyzing it and
to read and interpret drawings and specifications,thinking about what it looks like. The legend on a
sketches, and electrical diagrams. Before you can worlkdrawing should show any nonstandard symbols and
with drawings effectively, you must know how to their meanings.

2-6



Lighting Outiets

Ceidling wa#

Surface or Pendant Incandescent, Mer-
cury-Vapor, or Similar Lamp Fixture

O O

Surface or Pendant Individual Fluo-
rescent Fixtwe

o um| {07

Surface or Pendant Continuous-Row Fluo-
rescent Fixture

o—T—T1 ]
Bare-Lamp Fluorescent Strip
—_———

Surface or Pendant Bxtt Light

® -®
Junction Bax
6] -
Reaceptacie Outlets
Grounded Ungrounded
Single Receplacie Outiet
=) SOme
Duplex Receptacie Outlet
Q SO
Duplex Receptacie Outlet—Spit Wired
&8 B mc
Single Special-Purpose Receptacie Outlet
-0 D e
Range Outlet (typical)
E=T re
Floor Duplex Receptacie Outlet
(=) e

fioor duct or celular floor systems

&) Q)

O S

Switch Outlets
Single-Pole Switch

Double-Pole Switch

S2
Three-Way Switch

Ss
Four-Way Switch

S4

Key-Operated Switch

Sk
Switch and Pilot Lamp
Se
Swilch for Low-Voltage Switching System
SL
Switch and Single Receptacie
-Os
Switch and Double Receptacle
s
Door Switch
So
Time Switch
St

Residential Occupancies

Signaling system symbois for use in identi-
fying standardized residential type signal sys-
tem items on residential drawings where a
descriptive symbol list is not included on the
drawing.

Push button
O]
Buzzer
\O
Bell
ca

Annunciator

<>_

Interconnection Box

|

Bell-Ringing Transformer
Interconnecting Telephone

>
Radio Outlet

(®]
Television Outlet

™

Panelboards, Switchboards, and
Related Equipment

Flush-Mounted Panelboard and Cabinet
NOTE: Identify by notation or schedule.

.,

Surface-Mounted Panelboard and Cabinet

i—__—"

Switchboard, Power Control Center, Unit
Substations (should be drawn to scale)

V7274

Flush-Mounted Terminal Cabinet
NOTE: in emall-eceie drawings the TC mey be
Indicated alongside the symbol.

I L

Surface-Mounted Terminal Cabinet
{ H
| B « ol |

Motor or Other Power Controller
-’ (ol
Externally Operated Disconnection
Switch
—h

Combination Controlier and Disconnect-
ion Means

=

84NPO092

Figure 2-5.—Graphic symbols used in building construction.



Remote Control Stations for
Motors or Other Epuipment
Push-button Stations in General
—
Float Switch—Mechanical
Limit Switch—Mechanical
Pneumatic Switch—Mecanical
Electric Eye—Beam Source

Electric Eye—Reiay

-®

Clrcuiting
Wwiring method identification by notation
on drawing or in specifications.
Wiring concealed in Ceiling or Wall

NOTE: Use heavy weight line to identfy
service and feed runs.

Wirng Concealed in Floor

Branch Circut Home Run to Panelboard

Number of arrows indicates number of Circuits.
(A numeral at each amow may be used to
identify ciroul per.)

2 1

NOTE: Any circut without further identification
indicates a 2-wire circuit. For a greater number
of wires, indicate with cross lines.

Applications:

—F— 3 wires;
—Fr— 4 wires, etc
Unless indicated otherwise, the wire size of
the circuit is the minimum size required by
Indicate size in inches and identify different
functions of wiring system, such as signaling,
by notation or other means.

winng Tumed Up

Wiring Tumed Down

Electrical Distribution
or Lighting Systems, Underground

Manhole

[]

Handhole

(]

Transformer Pad

[=]
Underground Direct Burial Cable

Indicate type, lize,andimmbefotoon-
duciors by notation or schedule.

Underground Duct Line

Indicate type, size, and number of ducts by
cross section identification of each run by

notation or schedule. indicate type, size,

and number of conductors by notation or

schedule.

____.E__

Streetlight Standard Fed from Under-
ground Circuk

X

Electrical Distribution or
Lighting Systems, Aerial

O

Pole, with Streetiight

oX

Pole, with Down Guy and Anchor
Transformer

A

Transformer, Constant-Current

A

—f.—

Switch, Manual

Circutt Recioser, Automatic

Circuit, Primary

Down Guy

——9
Head Guy

——
Sidewalk Guy

—o)

Service Weather Head

I

Figure 2-5.—Graphic symbols used in building construction—Continued.
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Figure 2-6 shows some more standard electricalstandard gives the following information about the
symbols. They may also be used in constructionsymbols that may help you understand them better:
drawings but will most often be seen in other types of

drawings, such as schematic diagrams. The symbols in

e Graphic symbols are used to show the

figure 2-6 were selected from ANSI Y32.2-1975. This functioning or interconnections of a circuit graphically.

Qualifying Symbois
Connection Symbol
For use adjacent to other symbols:

3-phase 3-wire, deita

3-phase, wye or star, ungrounded

Graphic Symbois for
Fundamental Rems

Resistor
General
=~
OR
1

“See Note
Application. adjuetable or contin-
uously adjustable (venable) resistor
rheostat

Capacitor
——
OR
—i
Antenna
General

——
Multicelt

—Jij
Thermal Element

Actuating device, seli-heating or with
extenal heater. (Not operated primarily
by ambient temperature.)

gL
OR

X~

Graphic Symbols for
Transmission Path

Transmission Path
Conductor

Cable

Wiring

Guided path, general

A single line represents the entire group
of conductors or the tranemission path
needed to guide the power or signal.
When required, details of structure,
type, impedance, ratings, etc., may be
added adjacent to or within any symbol
or in a note.

Conductive path or conductor, wire

Two conductors or conductive paths

o

Crossing of paths or conductors not
connected

The crossing is not necessarty at 90-
degree angle.

_’,

Junction of paths or conductors
Junction (f desired)

Junction of paths, conductors, or cable.
If desired, indicate path type, or size

PP

Junction of connected paths, conductors,

-

OR

'J'T_

2-oonductor cable

0=

Cable underground; underground line

OR

These are iong dashes.
Overhead line

O

Figure 2-6.—Graphic symbols used in electrical and electronic diagrams.
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Circuit Retumn
Ground general symbol

NOTE: Supplementary information may
be added to define the status or
purpose of the earth i this is not
readily apparent.

(1) A direct conducting connection to
the earth or body of water that is a
part thereof.

(2) A conducting connect to a
structure that serves a function similar
to that of an earth ground (that is, a
structure such as a frame of an air,
space, or land vehicle that is not
conductively connected to earth).

l

Chassis or frame connection;

(of printed-wiring boards)

A conducting connection {0 a chassis or
frame, or equivalent chassis connection
of a printed-wiring board. The chassis
or frame (or equivalent chassis connection
of a printed-wiring board) may be at
substantial potential with respect to the
earth or structure in which this chassis
or frame (of printed-wiring board) s

mounted.
-Graphic Symbols for

Contacts, Switches,
Contacts, and Relays

Fosd contact for jack key, reiay,
switch, etc

°
OR
—
-v
1 Sieeve
| = 1_.
|
L]
1 The broken line -—- indicates where line
connection to a symbol is made and is not
pait of the symbol

Moving Contact

Adjustable or sliding contact for resistor,
inductor, etc

—pn
OR
|
Locking
Oy,
Nonlocking
[ S,

Basic Contact Assemblies

The standard method of shown a oon-
tact is by a symbol indicating the

circuit condition it produces when the
actuating device is in the de-energized
or nonoperated position. The actuating
device may be of a mechanical, electrical,
or other nature, and a clarifying note may
be necessary with the symbol to explain
the proper point at which the contact
functions; for example, the point where a
contact closes or opens as a function of
changing pressure, level, flow, voitage,
current, etc. In cases where &t is
desirable to show contacts in the energized
or operated condition and where confusion
may result, a clarifying note shali be
added to the drawing.

Closed contact (break)

f

OR

Transfer

L Lt

Make-before-break

OR
@ “See Note
Switch

Fundamental symbois for contacts,
mechanical connections, etc, may
be used for switch symbois.
Single-throw, general

- —

e

2-pole double-throw switch with

terminaie shown
° o’:o
o ')0

Figure 2-6.—Graphic symbols used in electrical and electronic diagrams—Continued.
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Push button, Momentary or
Spring-Retum

Circuit closing (make)

1

Circuit opening (break)

olo
Two-circuit

olo

Selector or Muliposition Switch

The position in which the switch is
shown may be indicated by a note

or designation of switch postion.

General (for power and control diagrams)

Any number of trangmission paths may
be shown.

Limit Switch

Sensitive Switch

NOTE: Identify by LS or other suitable
note

Track-type, circuit-closing contact

Flow-Actuated Switch
Closee on increase in flow

N
Opens on increase in flow

T

Liquid-Level-Actuated Switch

Closes on rising level
Eo

Opens on nsing level

Y

(U
Pressure-or Vacuum-Actuated
Switch
Cioses on nsing pressure
by
Opens on nsing pressure

L

Temperature-Actuated Switch
Closes on nising temperature

E’
Qpens on rising temperature
oTv

P

Closes on rising temperature

t.
- -
*See Note

Thermostat

Contactor
See also CIRCUIT BREAKER

Fundamental symbols for contacts, coile,
mechanical connections, etc, are the basis
of contactor symbole and shoulkd be used
to represent contactors on compiete dia-
grams. Complete diagrams of contactors
consist of combinations of fundamental
symbois for control colls, mechanical con-
nections, etc, in such configurations as to
represent the actual device. Mechanical
interlocking should be indicated by notes.

Manually operated 3-pole contactor

111
TIT

NOTE: The t* symbol shall be shown or
be replaced by data giving the nominal or

specific operating temperature of the device.

Electrically operated 1-pole contactor
with series blowout coil

N
3

Electrically operated 3-pole contactor
with series blowout coils; 2 open

and 1 closed auxiliary contacts

(shown smaller than the main contacts)

fff11+

TITTIT

Fundamental symboils for contacts, me-
chanical connections, coils, etc, are the
basis or relay symbols and should be
used to represent relays on compiete
diagrams.

The following letter combinations or
symbol elements may be used with

relay symbols. The requisite number of
these lefters or symbol elements may be
used to show what special features a

A Aasnabtinn rairened Ar
fa J A AnST RRiTgCuT e ik OF

finging relay
Differential
Double-biased (biased
in both directions)

g

Slow-release
Sandwich-wound 1o
improve blance to
longitudinal currents
The proper poiing for a polarized re-
lay shall be shown by the use of +
and — designations applied to the
winding leade. The interpretation of
this shall be that a voitage applied
with the polarity as indicated shall
cause the atmature to move toward
the contact shown nearer the coil on
the diagram. If the relay & equipped
with numbered terminals, the proper
terminal numbers shall also be shown.

e

i
2%8 93

84NPOD96

Figure 2-6.—Graphic symbols used in electrical and electronic diagrams—Continued.
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S
=

Graphic Symbois for
Terminals and Connectors
Terminais
Circuit terminal
°
Terminal board or terminal strip, with 4
terminais shown; group of 4 terminals
Number and arrangement as convenient.
NOTE: Internal lines and terminals may
be omitted  terminal identifications are
shown within the symbol.

ofolojo|

Cable Termination

Line shown on left of symbol indicates
cable.

+

Connector

Di . .
Jack

Plug

The contact symbol is not an amowhead.
It is larger and the lines are drawn at a
90-degree angle.

Femaie contact ——<

Male contact —_—

Receptacle or jack (usually stationary)

NOTE: The asterisk is not part of the
symbol. if desired, indicate the type
of contacts: male (=) or female ( Y==).

—<
OR

—

Plug (usually movabie)

—
OR

—<

Separable connectors (engaged)

OR

—H— EE]

Engaged 4-conductor connectors; the plug
has 1 male and 3 female contacts with
indvidual contact designations shown in
the complete-symbol column

OCO®D >»

Communication switchboard-type connector
2-conductor (jack) nv—°

2-conductor (plug) o=

Graphic Symbols for
Transformers, inductors,
and Windings

Core
General or air core

if ¢ is necessary to identify an air core,
a note shouki appear adjacent to the
symbol of the inductor or transformer

NO SYMBOL

Magnetic core of inductor or
transformer

Not to be used unless it is necessary
to identify a magnetic core.

an T A ars [

T
ot
“cet
ot
OR

AL

Inductor
Winding (machine or transformer)
Reactor
Radio-Frequency Coil
Telephone Retardation Coil
See also OPERATING COIL
General
oYYy OR Iosh
Magnetic-core inductor
Teiephone loading coil
If necessary to show a magnetic core.

NV

"

Adjustable inductor

Tapped

One winding with adjustable inductance

i

current transformer

Autotransformer, 1-phase

i o

84NPO097

Figure 2-6.—Graphic symbols used in electrical and electronic diagrams—Continued.
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3-phase induction voltage regulator These phases transformer with 4 tape
with wye-wye connections

or A 3¢
i 3t
e

Current transformer(s)

Avoid conflict with symbol for loaded
ine ff used on the same diagram.

: :
] 0
demf 4l

Bushing-type current transformer

IIIIIIIII

Graphic Symbois for

Circuit Prolectors

Fuse (one-time thermal cument-over-oad.
device) .

84NPO0S8

Figure 2-6.—Graphic symbols used in electrical and electronic diagrams—Continued
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Audible-Signaling Device

1

Bell, electrical; telephone ringer

o NOTE: If specific identification is required,
Circut breaker, other than covered by the abbreviation AC or DC may be added

Network protector Graphic Symbois for
Acoustic Devices
OR
ﬁL the above symbol within of adjacent to the symbol.

The symbol in the right column is for
isolating fuse-switch; high-votage ' —D :D

primary fuse cutout, dry l I” R R

% m 0 10

High-voltage primary fuse cutout, oil

Ipole circuit breaker with thermai- Single-stroke
m overioad device in ak 3 poles
OR

| L P =D

[ { {

O | NN =)

Y
Y
-

) Loudspeaker
Current Limiter (for power cabie) Hom, Electrical
Sirem
The arrowheads in this case are filled.
3-pole circuit breaker with magnetic- General
—— overioad device in all 3 poles
Lightning Arrester o I I | I
Sul , (o]
Aer (secic wure ) I -
Genenal { *
-l Praes
Microphone
3-pole circuit breaker, drawout type Telephone Transmitter
Carbon biock; teiephone protector block
N 359
Hom gap
4 I - @ =
D Y TTYT oR
Circuit Breaker
Protective Reiay D— D=
Air circut breaker, if distinction _is )
needed; for atemating-cument circuit Fundamental symbols for contacts, coils, Handeet
breakers rated at 1,500 bots or less mechanical connections, etc, are the basis o eryors Set
and for all direct-cumment circuit breakers or relay symbole and should be used to
represent relays on complete diagrams. General

See RELAY COIL; OPERATING COIL _&
and RELAY

Figure 2-6.—Graphic symbols used in electrical and electronic diagrams—Continued.
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NOTE: This symbol may be used to
represent one or- more lampe with or
NOTE: N it is essential to indicate the
following characteristics, the specified letter
or letters may be inserted within or placed
adjacent to the symbol.

A Amber
B Blue
C Clear
G Green
(o] Orange
OP  Opealescent
P Purple
R Red
w White
Y Yellow
ARC Arc
EL Electroluminescent
FL Fluorescent
HG  Mercury vapor
IN Inscandescent
R Infrared
NA  Solium vapor
NE Neon
w Ultraviolet
XE  Xenon
LED Light-emitting diode
Fluorescent lamp
2-terminal

:

§-

k

Incandescent lamp (incandescent-flamert
luminating lamp

o)

Baklast lamp; ballast tube

The primary characteristic of the element
within the circle is designed

Visual-Signaling Device

Annunciator (general)

=
< oR
-—<>~_

Annunciator drop or signal, shutter

or grid type
Annunciator drop or signal, ball type
4
>
Manually restored drop
[~
BElectrically restored drop

Bl

Communication switchgoerd-type lamp;

B

Indicating, piot, signaling, or switch-
board kght; indicator light signal light

i confusion with other circular symbols
may occur, the D-shaped symbol shoulkd

-,

OR

B

OR

)

Jeweled signal light

Graphic Symbols for
Readout Devices

Meter Instrument

NOTE: The asterisk i not part of the symbol.

Aways replace the asterisk by one of the

following letter combinations, depending on the

function of the meter or instrument, unless
some other identification is provided in the
circle and explained on the diagram.

©)

A Ammeter :

AH Ampere-hour meter

(o] Coulombmeter

CMA Contact-making (or breaking)
ammeter

CMC Contact-making (or breaking)
clock

CMV Contact-making (or breaking)
voltmeter

CRO

Oscilioscope

Cathode-ray oscillograph

D8 DB (decibel) meter
Audio level/meter

DBM DBM (decibeis refermed to

1 miliwatt) meter

DM Demand meter

DTR Demand-totalizing relay

F Frequency meter

GD Ground detector

| indicating meter

pA or UA Microammeter

MA Milliammeter

NM Noise meter

OHM Ohmmeter

oP Oil pressure meter

0OSCG Oscillograph, string

PF Power factor meter

PH Phasemeter

Pl Position indicator

RD Recording demand meter

REC Recording meter

RF Reactive factor meter

SY Synchroscope

t° Temperature meter

THC Thermal converter

TL™ Telemter

T Total time meter
Elapsed time meter

v Voltmeter

VA Volt-ammeter

VAR Varmeter

VARH Varhour meter

Vi Volume indicator
Audio-level meter

w Standard volume indicator
Audio-level meter

w Wattmeter

WH Watthour meter

84NP0O100

Figure 2-6.—Graphic symbols used in electrical and electronic diagrams—Continued.
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Gahanometer

Winding Connection Symbols

Motor and generator winding connection
symbois may be shown in the basic

circle using the following representations.

1-phase

O
b2

2-phase

3-phase wye (ungrounded)

AnernatingCuM Machines

Squirrel-cage induction motor or
generator, split-phase induction motor
or generator, rotary phase converter, of
repulsion motor

i
O

Wound-rotor induction motor, synchronous
induction motor, induction generator, or
induction frequency corverter

CE

1-phase repuision-start induction motor

—®

3-phase regulating machine

B g

Allemating-Current Machines with
Direct-Curent Fieid Excitation

Synchronoue motor, generator, or
condenser

o 4

Graphic Symbois for
Mechanical Functions

Mechanical Connection
Mechanical Interlock

Mechanical connection
The top symbol consists of short dashes.

NOTE: The shoit pamaiiel lines should be
used only where there is insufficient space
for the short dashes in series.

Mechanical Motion

Translation, one direction
| o

Transiation, both directions
-t

Rotation, one direction
O

Appiication; angular motion, applied

to open contact (make), symbol

NOTE: The asterisk is not part of the
symbol. Explanatory information (similar
to type shown) may be added if necessary
to explain circuit operation.

—=—=)6 L/REV"

OR

o——=-=~)6JL/REV"

Rotation, both directions
\

Altemating or reciprocating

ny
Rotation designation (appled to a resistor)
CW indicates position of adjustable con-
tact at the limit of clockwise travel
viewed from knob or actuator end unless
otherwise indicated.

84NPO101

Figure 2-6.—Graphic symbols used in electrical and electronic diagrams—Continued.
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Manual Control

General

-
|
L]

Operated by pushing
—
!

Operaled by pushing and pulling

(push-pull)
T

Graphic Symbols for
Composite Assemblies

Circuit Assembly
Circut Subessembly
Circuit Element

NOTE: The asteriek is not parnt of the
symbol. AMmmays indicate the type of
apparatus by appropriate words or letters

NOTE: The use of a general circuit-
element symbol is restricted to the
following:
a. Diagrame drawn in block form.
b. A substitule for compiex circuit
slements when the intemnal operation

of the circut element is not important

of the purpose of the diagram.
General
abbreviatione from ANS|

Acocepted
Z32.13-1950 may be used in the
rectangie.

The following lefter combinations may be
used in the rectangie:

CLK Clock

EQ Equiaizer
FAX Facsimile set
FL  Filter

IND indicator

PS Power supply
RG Recording unit
RU Reproducing unit
DIAL Telephone dial
TEL Telephone station
TPR Teleprinter

TTY Teletypewriter

Amplifier
General

The triangle % pointed in the direction of
The symbol represents any method of

amplification (electron tube, solid-state
device, magnetic device, etc).

NOTE: If identification, electrical values,
location data, and similar information must

be noted within symbol, the size or aspect

ratio the original symbol may be akered
providing its distinctive shape is retained.

5

pifier Use may be indicated in the tri-
by words, standard abbreviations, or
er combination from the following list:

s

BOG Bridging
BST Booster
CMP  Compression
EXP Direct-current

LiM Limiting
MON Monitoring
PGM Program
PRE Preliminary
PWR Power
TRQ Torque

> 3

Application. amplifier with associated
power supply

T

General

NOTE: Triangle points in dicection of forward
(easy) current as indicated by a direct-cuent
ammeter, uniess ctherwise noted adjacent to
the symbol. Electron flow is in the opposite

direction.

NOTE: This symbol represents any
method of rectification (electron tube,
solid-state device, electrochemical

device, etc).
D+

o+

Bridge-type rectifier

Controlled

On connection or wiring diagrams,
rectifier may be shown with terminals
and polarity marking. Heavy line may
be used to indicate nameplate or

For connection or wiring diagram

84NPO102

Figure 2-6.—Graphic symbols used in electrical and electronic diagrams—Continued.
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A graphic symbol represents the function of a part in the TYPES OF DRAWINGS AND
circuit. DIAGRAMS

o The types of drawings to be discussed here include
* Quahfylng symbols ma_y t.)e.ao_lded to symbols working drawings, architectural drawings, mechanical
when the special characteristic is importantite  grawings, shop drawings, and electrical diagrams.

function of the device and aids in the understanding of
the overall function performed. For example, CONSTRUCTION DRAWINGS

connection symbols shown in column 1 of figure 2-6 are A construction drawing is any drawing that
headed "Qualifying Symbols.” They are combined furnishes the information required by the craftsmen to
with transformer symbols shown further on in the rough in equipment or erect a structure. The terms
figure. working drawings and construction drawings are
sometimes used interchangeably. Information
e Some symbols may be similar or identical to presented in a set of working drawings, along with the

other symbols but have different meanings. Only one SPecifications, should be complete so the craftsman
meaning will apply to a specific symbol used on awho uses them will require no further information.
diagram. Notes, asterisks, and flagging techniques may ~ Working drawings show the size, quantity,

- - - - location, and relationship of the building parts.
be used with symbols having multiple meanings. A Generally, working drawings may be divided into three

tabulation listing the intended meanings should bey,4in categories: architectural, mechanical, and

provided. electrical.
Except where noted, the orientation of a symbol e Regardless of the category, working drawings
on a drawing does not alter the meaning of the symbol. serve several functions:
e They provide a basis for making material, labor,
FREEHAND SKETCHES and equipment estimates before construction
starts.

e They give instructions for construction, showing

When installing electrical systems and circuits, you . : ,
the sixes and location of the various parts.

will sometimes have to exchange information about
your job with others. A freehand sketch can be an ® They provide a means of coordination between
accurate and a concise way to communicate this the different ratings.

information. e They complement the specifications; one source
_ o _ of information is incomplete without the other
This type of drawing is informal in character, may when drawings are used for construction work.

or may not be drawn to scale, and need not follow any

particular format. A sketch can be used in many ways.Architectural Drawings

One example of where to use a sketch is to show a field . . . .
change that must be made. Nomatterhowwellaprojectt Arch|t_ectura| drawings consist of all the d_rayvmgs
_ _ : hat describe the structural members of the building and
is planned, occasionally field changes have to be madepeir relationship to each other. This includes
You may see that a field change is necessary becausefgundation plans, floor plans, framing plans, elevations,
conduit run cannot practically be routed according to sections, details, schedules, and bills of materials.

the approved drawing or plan. You can make a freehand

sketch showing only what has to be changed. The1ans

sketch may include dimensions, symbols, and other A plan is actually a part of the architectural drawing

information needed to convey your idea of the required that represents a view of the project from above. Two
change to someone else (like the project supervisor otypes of plans will be discussed here: plot plans and
project chief). floor plans.
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PLOT PLANS.—A plot plan (also called a site have a plot plan to construct a pole line to the project site
plan) includes not only the project but also the at or near the earliest phase of construction. Another
surrounding area. The project may be represented onlyexample is when the slope and grade of the surrounding
by an outline, such as the Director's Quarters project onarea is to be changed and you have to bury cable or
the plot plan in figure 2-7The grades at fixed points are conduit. You must know what the finished grade is and
shown throughout the area. This is done to show howhow deep to dig. This type of work requires close
the land slopes before construction is started and thecoordination between you, the Engineering Aids,
finished grade after construction is completed. The Equipment Operators, and Builders. By looking over
north arrow symbol, used for orientation of the drawing, the plot plan, you will know what to do to prepare for the
is shown. The Construction Electrician may have tojob.
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Figure 2-7.—Plot plan including "Director’s Quarters” project.
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GENERAL NOTES -

1~-TREES OBSTRUCTING POLE UNE TO BE TRIMMED OR REMOVED POLE, 36" 0" CLASS 3
AS DIRECTED BY CONSTRUCTION OFRCER. (TYPICAL)
2-PROVIDE LIGHTNING ARRESTERS, AT EACH END OF POLE LINE,

ON ALL THREE OVERHEAD WIRES. GROUND LIGHTNING ARRESTERS

WITH SUTABLE BARE WIRE CONNECTED TO DRIVEN GROUND ROD.

3-INSULATORS TO BE PORCELAIN, PIN TYPE; INSULATOR PINS TO BE

LOCUST WOOD OR EQUAL.

4-TERMINAL POLES, AND POLES AT POINT OF CHANGE N LINE

DIRECTION, TO HAVE DOUBLE CROSS-ARMS: ALL OTHER POLES,

SINGLE CROSS-ARM. CROSS-ARMS TO BE STANDARD 4-PW,
ﬂ‘.'FYQi”Y‘(” m@m a0 QM CCMTEDRC 442 477 M
VX X 4V, P SPACING -0 ON CENTERS 14172 7 .|
ON SIDES. -
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EACH GUY LINE TO HAVE TWO PORCELAIN STRAIN
INSULATORS; THE LOCATION AND SPACING OF STRAIN INSULATORS
AND GUY ANCHORS TO BE IN ACCORDANCE WITH STANDARD
PRACTICE.
6-MATERIAL AND WORKMANSHIP SHALL CONFORM TO ALL STANDARD
CODES, REGULATIONS AND SPECIFICATIONS LISTED IN NAVFAC

SPECIFICATIONS.
.D h 4

Figure 2-8.—Plot plan with electrical layout, general notes, detail, and section drawings.
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Another type of plot plan can be seen in figure 2-8. into the conduit again, and run underground to a
Figure 2-8, view A, shows five buildings that are to be concrete slab, and out through another pothead to a
supplied with electricity for power and lighting. An transformer bank. Where do you get this information?
electrical layout has been superimposed on the plofRefer to figure 2-9.
plan General notes (fig. 2-8, view B), one detalil (fig.
2-8, view C), and section A-A (fig. 2-8, view D) of that
detail are shownThe dotted line at the bottom of the
page indicates underground ducts containing
previously laid cable.

Figure 2-9 shows detail B is indicated in figure 2-8,
view A. This represents the installation behind building
126 where the overhead line terminatébe last pole in
the system is shown in the lower left comer. From the
pole to the transformer bank, the underground conduit is
aitndicated by dotted lines. The conduit runs
nderground to the concrete slab on which the
ansformers rest. Section A-A gives construction
details of the slab.

The design engineer has decided to tap the cable
manhole 22 and run lines overhead to dead-end at th(!f*‘
rear of building 126. Figure 2-8, view C, shows that r
lines are to be run underground from manhole 22 to the
first pole crossarms. At building 126, lines are to be FLOOR PLANS.—Imagine that you want to
carried down the pole, regathered through a potheadknow the outline of a building, including each partition.
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Figure 2-9.—Detail B indicated in figure 2-8.
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This building is shown in figure 2-10, view A, and you Elevations

areequippedwithahugesaw. Ifyousawedthe building

in half horizontally and looked down on it from above, . . .

you would see the complete outline of the building . AN élévation is a drawing that represents a view of
(view B). This particular view directly above would be € finished structure as you would see it from the front,
called a floor plan (view C). Architects and engineers Pack, Ieft, or right. There are interior elevations, such as
project their thoughts of a building, not yet built, onto a & View of a fireplace, as well as exterior elevations, as
piece of paper and call it a floor plaft.does not matter ~ SNOWN in the elevations of a small building shown in
that the heights of the outlets, appliances, or building 19ure 2-12.

parts are different. These heights will be indicated by ~ Doors, windows, shapes of roof, chimneys, and
figures in inches or feet, next to the symbols thatexterior materials are shown. These views provide the
represent them. Electrical construction drawings areviewer with a finished appearance.

floor plans modified by the inclusion of electrical

symbols. Few dimensions are given on elevations. Only

those vertical dimensions that cannot be shown on the
Figure 2-11 shows an electrical layout plan are generally included on an elevation view. A
superimposed on an outline taken from an architecturalConstruction Electrician can quickly see from any one
floor plan The service line that brings power into the of the elevations in figure 2-12 that there is an attic
house is a three-wire line in 1 1/4-inch conduit. The where easy access would be provided to electrical
service line feeds power by way of a service switch to awiring. This is important where there is a requirement
lighting panel, from which three branch circuits run to for junction boxes that must be accessible. The
the lighting fixtures and convenience outlets in the electrician can also see a foundation wall where, if a
rooms. The symbols for these fixtures and outletsservice lateral is required, a conduit or sleeve must be
and the service switch are shown at the bottom of figureplaced (for a later run of conduit). This knowledge
2-11. will allow the electrician to plan ahead to work with the

84NPO106

Figure 2-10.—Floor plan development.
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Figure 2-11.—Electrical floor plan layout.
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Figure 2-12.—Elevations.

2-23



Builders when they build the forms. The conduit will be system in multilevel buildings. Appliances sometimes

placed in or through the form before the concrete ishave an isometric diagram glued to an access panel so

poured. that it may be referred to for a quick look at an entire
wiring system. (See fig. 2-13.)

Mechanical Drawings Block Diagram

Mechanical drawings include all drawings and A block diagram is a simple drawing showing the
notes that have something to do with the water supply,relationships of major parts of a wiring circuit or
sewage, drainage, heating and ventilating,system. Figure 2-14 shows a block diagram of a motor
refrigeration, air conditioning, and gas supply systems. control system You can easily see how it gets its name.
It may also include other drawings that are necessary togometimes the blocks are connected with only one line
present the system properly in relation to the otherthat may represent one or more conductors or cables.
portions of the project. Either major or minor components or parts may be
represented by blocks. This type of diagram is often
used to show something of the relationship of

omponents in a power distribution system. The block
lagram provides little help in troubleshooting.

Shop Drawings

Shop drawings are drawings and related data use
to show some portion of the work prepared by the
construction contractor, manufacturer, distributor, or
supplier. Product data, such as brochures, illustrations,
standard schedules, performance charts, and other
information, are furnished by the contractor or the
manufacturer to show a material, product, or system for
some portion of the work. Engineering Aids are WHITE
sometimes required to draft shop drawings for minor -
shop and field projects. These drawings may include = 7 CASE HEATERS
shop items, such as doors, cabinets, and small portable
buildings (prefabricated berthing quarters and
modifications of existing structures), or they may come
from portions of design drawings, specifications, or
freehand sketches given by the design engineer.
Working from a shop drawing is much like working
from other working drawings. You convert the ideas
you get from your interpretation of the lines and
symbols into the product represented by the drawing.

A

GRA

ELECTRICAL DIAGRAMS

In addition to the construction drawings discussed
above, you will be working with other types of electrical
drawings or diagrams. These drawings show the
arrangement and relationship of parts. Electrical
diagrams are usually used to show how the parts of one
or more pieces of equipment are wired together. There 1 p38
are several types of these diagrams. They are simiIar,J\ NN
yet different in some way. The short description of each GRAY -
that follows should enable you to recognize their
differences.

:
-]

(]
]
[ ]
BROWN |
:
(]
1
1

R-E-D CONNECTOR

Isometric Diagram

The isometric diagram is not often seen in electrical

. . Figure 2-13.—Isometric wiring diagram.
work. It may be used to show the electrical wiring d g diad
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Figure 2-14.—Block diagram.
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MOTOR
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Figure 2-15.—Wiring diagram.

Wiring Diagram

The wiring diagram is almost a picture drawing. It
shows the wiring between components and the relative
position of the components. Figure 2-15 shows a wiring
diagram of the same motor control system represented
by the block diagram in figure 2-14. In the wiring
diagram, components are shown much as they would
appear in a picture. The lines representing wires are
marked with numbers or letter-number combinations.
Lines L1, L2, and L3 are incoming power leads. The
diagram shows which terminals these power leads are
connected to in the motor starter. Leads connected to
terminals T1, T2, and T3 are the motor leads.

The numbers without letters mark the control
terminals of the starter. Wiring diagrams are often used
along with a list of repair parts. Wiring diagrams may
be of some help in troubleshooting circuit problems.

Connection Diagram

Figure 2-16 is a connection diagram. By comparing
the symbols from this diagram to those in figure 2-6,
you can see that graphic symbols are used to represent
parts or components in the connection diagram. The
connection diagram in figure 2-16 is a combination of
basic symbols (like the open-contact symbol). You can
see how the controller pictured in figure 2-15 works
internally.

L3 U L2

['sTop

" START

84NPO112
Figure 2-16.—Connection diagram.



L3L1L2 tracing the circuit and its functions without regard to the

physical size, shape, or relative position of the
component device or parts. The schematic diagram,

storM like the connection diagram, makes use of symbols
g O+ Eﬁ{g instead of pictures. Figure 2-17 shows, by a schematic
2RESET diagram, the same motor control system shown in

MMM figures 2-14, 2-15, and 2-16. This diagram is laid out in

a way that makes the operation of the components easy

to understand. This type of schematic diagram with the

J H components laid out in a line is sometimes called a one-
line or single-line diagram.

Most schematic diagrams are more complicated
- than ‘the one shown in figure 2-17. The more

complicated ones can be broken down into one-line

MOTOR) diagrams, circuit by circuit. You can draw (or freehand
N~—r BANPO113 sketch) your own one-line diagram by tracing only one
Figure 2-17.—Schematic diagram. circuit, component by component, through a

multicircuit schematic, using the symbols in figure 2-6.
Circuits "A" and "B" in figure 2-18 show only the
control circuit from figure 2-16 laid out in one-line

The connection diagram shows all the internal andform, From these simple circuits, it is easy to see that as
external connections. The circuitry can be traced moreg,q as the start button is pushed, the “M" coil

easily than on the wiring diagram. The components are(operating coil of the motor controller) will be

Eg”usézm 'hnelthe'(r)Jeéiﬂ\éicgoj;t'tﬁgswm's g:%gtr;rgec:: energized. The operating coil is now held closed
Py g ythrough the "M" contacts.

part of the circuit. The connection diagram is a valuable
troubleshooting tool. This type of diagram is often

> ; : Your own freehand sketches can help you
found inside the access cover of a piece of equipment.

understand other types of diagrams as well as the
Schematic Diagram schematic. You may vary these sketches to suit your
needs. You may draw a one-line diagram, using
The schematic or elementary diagram (fig. 2-17) is Symbols, from a wiring diagram, an isometric diagram,

a drawing that shows the electrical connections andor a connection diagram, as long as all the necessary
functions of a specific circuit arrangement. It facilitates details are there for you to convert to lines and symbols.

L1 oL STOP START L3
- llV.l - - - ] a
*—N\/V—j/lﬂgd—-l—p—-o 9——{ CIRCUIT "s"
3
2
L1 oL STOP M L3
M
’—w\._:l* A Ht { CIRCUIT "M
2 84NP0114

Figure 2-18.—One-line diagram of a motor control circuit.
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CHAPTER 3

POWER GENERATION

Generators play an important part in your Placing a generator set near points of large demand
assignment with the Seabees. Whether operating aill reduce the size of wire required, hold the line losses
generator as a main power source or as standby power dio a minimum, and afford adequate voltage control at
as emergency power, you need a through knowledge othe remote ends of the lines.
their hookup, operation, and maintenance.

The following points should be considered before

At the completion of this chapter, you should know an exact site is chosen for a generator set:
how to install generators of the advanced-base type,
stand a generator watch, perform preventive 1. Generators must not be closer than 25 feet (7.6
maintenance, and make minor repairs on powemmeters) to a load because of noise, fire hazard, and air
generators and control equipment. circulation.

Theory for both dc and ac generators is included in 2. The set must be placed on a stable, preferably
Navy Electricity and Electronics Training Series level, foundation. It should not be operated while
(NEETS), Module 5. Generator theory will not be inclined more than 15 degrees from level.

covered in this chapter. Keep in mind that the generator 3. The site must be within 25 feet (7.6 meters) of

(a_Itemator) In an automoblle_ works on the Sar.neany paralleled generator set and within 25 feet (7.6
principle as does the huge turbine generator used in %eters) of any auxiliary fuel supply

nuclear power station.
4. When preparing a temporary installation, you
INSTALLATION AND SERVICING shoul_d move the generator set as close to the jobsite as
GENERATORS practical. In an area where the ground is soft, do not
remove the wood-skid base if you have not already done
Most of the generators you are likely to work with so. The wood-skid base will establish a firm foundation
in the Naval Construction Force (NCF) range in size on soft ground, mud, or snow; otherwise, use planks,
from 5 kW to 200 kW. Generators in these sizes rangelogs, or other material for a base in an area where the
in weight from 488 pounds (221.4 kg) to 10,500 pounds ground is soft.
(4770 kg). All of these units are mounted on skid bases.
Lifting and tie-own attachments are provided. All have
provisions for lifting with a forklift of the appropriate
capacity (with the exception of the 5-kW gas-driven
generator set, which does not include the forklift
provision).

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. When the generators are
to remain on the site for any extended period of time,
they should be mounted on solid-concrete foundations

Several factors should be considered before a finaland should be installed under some type of shelter.
decision is made about where to locate a generator. The
noise levels of generators sized from 5 kW to 200 kW There are no predrawn plans for shelters for a small
range from 77 dBa to 93 dBa (adjusted decibels) at 25advanced-base generating station. The shelter will be
feet. Generator noise is a problem in low-noise level oran on-the-spot affair—the construction of which is
quiet areas (libraries, offices, hospitals, chapels, etc.).determined by the equipment and material on hand plus
The operating 60-kW generator, for example, presents ayour ingenuity, common sense, and ability to cooperate
noise hazard (84 dBa to 91 dBa, depending on thewith personnel in other rating&efore a Builder can get
model) to all personnel in the immediate area. Thestarted on the shelter, you will have to furnish
noise level near the unit exceeds the allowable limits for information, such as the number of generators to be
unprotected personnel. Therefore, everyone workingsheltered, the dimensions of the generators, the method
around the generator needs single (noise < 84 dBa) oof running the generator load cables from the generator
double hearing protection (noise > 104 dBa). to the panelboard and from the panelboard to the feeder
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Figure 3-1.—Typical 60-kW generator set.
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system outside the building, and the arrangement of the WARNING
exhaust system.

Do not smoke or use an open flame in the
vicinity of batteries when servicing them.
Batteries generate hydrogen a highly
explosive gas. When removing batteries,
always remove both negative cables before
removing the positive cables (fig. 3-2).

Large generator units may have, connected or
attached to them, engine equipment that requires extra
space and working area. Included in this equipment are
air-intake filters, silencers for air intake and exhaust,
fuel and lubricating oil pumps, tanks, filters, and
strainers. Also included are starting gear, isochronous

regulating governors with over-speed trips, safety alarm — gatery electrolyte contains sulfuric acid and can
and shutdown devices, gauges and thermometersyase severe burns. It is highly toxic to the skin, eyes,

turning gear, along with platforms, stairs, and railings. 5.4 respiratory tract. Skin, eyes, and face (chemical
splash goggles, face shields) and respiratory protection
are required. Whenever electrolyte comes into contact
"With the body, the eyes, or the clothing, you must rinse
immediately with clean water, remove contaminated
clothing, and then go to sickbay or the medical clinic for
a thorough examination.

An even larger and more complete power plant may
require separate equipment, such as a motor-drive
starting air compressor and air storage tanks; motor
driven pumps for jacket water and lubricating oil
cooling, or heat exchangers with raw cooling water
pumps and lubricating oil coolers; and tanks that
include day-fuel storage. The 60-kW generator set is equipped with two 12-

volt, 100-ampere-hour batteries. The batteries are

Be sure to provide enough working space aroundlocated under the radiator (fig. 3-1, view A) on aroll-out
each unit for repairs or disassembly and for easy accessay (fig. 3-3). They are connected in series to supply 24
to the generator control panels. volts dc for starting the generator set and operating

direct current components. Two slave receptacles (fig.

Installation specifications are available in the 3-2), connected in parallel, permit easy connection to
manufacturer’s instruction manual that accompaniesthe batteries to supply or obtain battery power. As we
each unit. Be sure to use them. Consulting with the
Builder about these specifications may help cut
installation costs and solve future problems affecting
the shelter of the generator.

SERVICING THE GENERATOR

Before the set is operated, it must be serviced. We
will use the 60-kW generator set as an example for
discussing the servicing of the set after you receive it.
As you read this discussion, refer to figure 3-1 for
locating fill and drain points and drain valves.

Batteries
1
All 5-kW through 750-kW generator sets are NOTES: o 5 N H g
furnished with dry-charged batteries 1ess the 3 oAt cABLE EnDs aRE BACK oL
electrolyte. Battery electrolyte must be requisitioned — ® Aanirerr samery rae e 06NPOOSS
separately.

You must be cautious when installing, activating, or
maintaining batteries.Before we discuss connecting
and servicing batteries, let’s look at a few safety points

you must know about Figure 3-2.—Battery cable connections and slave receptacles.

3-3



1. Open the battery compartment door and secure

discuss activating the batteries, refer to steps 1 through
3 (following) and figure 3-3.

Table 3-1.—Electrolyte Mixing Chart

it to the radiator grille with the door holder.

2. Depress the button on top of the quick-release
pins, lift up the pins, and pull the roll-out tray assembly
out.

3. Remove the filler caps. When you have
electrolyte of the correct specific gravity, do not dilute
it, but fill the battery cells to the cell slots.

SPECIFIC| USING 1.835 SPECIFIJ USING 1.400 SPECIFIC

GRAVITY GRAVITY ACID GRAVITY ACID

DESIRED | paRTS OF | PARTS OF | PARTS OF | PARTS OF

WATER ACID WATER ACID

1.400 3 22 . ..
1.345 2 1 1 7
1.300 5 2 2 5
1.290 8 3 9 20
1.275 11 4 11 20
1.250 13 4 3 4
1.225 11 3 1 1
1.200 13 3 13 10

When you prepare your own electrolyte, consult a
mixing chart (table 3-1). In this case, use the specific

The temperature of the electrolyte when placed in
gravity value recommended in the instruction manual. the cells should be between 60°F and 90°F. IT

SHOULD NEVER EXCEED 90°F.

WARNING

Be sure to add the acid to the water
s-I-o-w-l-y, stirring constantly and thoroughly.

A chemical reaction occurs when you add
electrolyte to the battery, thereby causing the battery to
heat. Cool it artificially (cooling fans) or allow it to
stand at least 1 hour before placing it in service.

SR —
M BATTERY
DOOR _— 8l DOOR
HOLDER
] SIX
FILLER < FILLER
CAPS \ / CAPS
BATTERY = ‘ I BATTERY

QUICK-

RELEASE w
PIN AND
CHAIN

QUICK-

PIN AND
CHAIN

ROLL-OUT TRAY
ASSEMBLY

Figure 3-3.—Battery compartment.
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You will notice at the end of the cooling period that FAST CHARGE.—A fast charge is used when a
the level of the electrolyte has dropped because of thébattery must be recharged in the shortest possible time.
electrolyte soaking into the plates and separatorsThe charge starts at a much higher rate than is normally
Before placing the battery in service, restore theused for charging. It should be used only in an
electrolyte to its proper level. Remove any electrolyte EMergency, as this type of charge may be harmful to the

spilled on the battery, using a cloth dampened with aPatery-
solution of bicarbonate of soda and water. CHARGING RATE. —Normally, the charging
rate of Navy storage batteries is given on the battery
Although you_can place the battery in service 1 hour nameplate. If the available charging equipment does
after filling it with electrolyte, do so only in an not have the desired charging rates, the nearest available
emergency. If at all possible, give the battery an initial rates should be used; however, the rate should never be
light charge. so high that violent gassing occurs.

CHARGING TIME. —The charge must be
Afte_r the battery has been chargeq, connect theyqntinyed until the battery is fully charged. Frequent

battery into the starting system of the prime mover, asyeadings of specific gravity should be taken during the

shown in figure 3-2. Always connect the negative cable charge and compared with the reading taken before the

last. battery was placed on charge.
4. Push in the roll-out tray assembly and install the ~ GASSING.—When a battery is being charged, a
quick-release pins (fig. 3-3). portion of the energy breaks down the water in the

electrolyte. Hydrogen is released at the negative plates
and oxygen at the positive plates. These gases bubble
Battery Charging up through the electrolyte and collect in the air space at
the top of the cell. If violent gassing occurs when the
battery is first placed on charge, the charging rate is too
The manufacturer's manual may specify charging high. If the rate is not too high, steady gassing develops
procedures for the type of battery you are to charge. Ifas the charging proceeds, indicating that the battery is

so, follow those procedures. nearing a fully charged condition.
There are several types of battery charges, but you WARNING
will generally use a normal charge, an equalizing
charge, or a fast charge. We will discuss these three A mixture of hydrogen and air can be

types of charges briefly. For more information on dangerously explosive. No smoking, electric
storage or dry-cell batteries and battery charging, refer  sparks, or open flames should be permitted near
to the Navy Electricity and Electronics Training Series ~ charging batteries.

(NEETS), NAVEDTRA 172-01-00-88 (Module 1). _ _
CHARGING PROCEDURE.—If the instruction

NORMAL CHARGE. —A normal charge is a Manual for the generator set is not available or if it does

routine charge that is given according to the battery"0t give the battery a charging procedure, proceed as
nameplate data during the ordinary cycle of operation to follows: Connect the positive battery charger terminal

- e to the positive battery terminal and the negative charger
restore the battery to its charged condition, terminal to the negative battery terminal.

EQUALIZING CHARGE. —An equalizing Charge the battery at a low rate (about 5 amperes)
charge is a special extended normal charge that is giveruntil the voltage and specific gravity, corrected to 80°F
periodically to batteries as part of a maintenance(27°C) remains constant for at least 4 hours. If the
routine. It ensures that all the sulfate is driven from the temperature of the electrolyte reaches 110°F (43°C),
plates and that all the cells are restored to a condition ofreduce the charging rate or stop the charge until the
maximum specific gravity. The equalizing charge is battery cools. NEVER PERMIT THE TEMPERA-
continued until the specific gravity of all cells, corrected TURE TO EXCEED 115°F (46°C). During the
for temperature, shows no change for a 4-hour period. charging, replenish any water lost by evaporation.

3-5



Hydrometer Perhaps it should be said that adding the active
ingredient (sulfuric acid, for example) to the electrolyte
of a discharged battery does not recharge the battery.

A hydrometer is the instrument used to measure the Adding the active ingredient only increases the specific
amount of active ingredients in the electrolyte of the gravity of the electrolyte and does not convert the plates
battery. The hydrometer measures the SPECIFICback to active material, and so does not bring the battery

GRAVITY of the electrolyte. Specific gravity is the back to a charged condition. A charging current must be

ratio of the weight of the electrolyte to the weight of the passed through the battery to recharge it

same volume of pure water, The active ingredient, such g

as sulfuric acid or potassium hydroxide, is heavier than

water. Because the active ingredient is heavier than =~ You must check the engine crankcase oil level

water, the more active the ingredient in the electrolyte, before operating the generator set. The engine dipstick

the heavier the electrolyte will be; the heavier the (ig- 3-1, view B) is the crankcase oil level gauge. The
lectrolvte. the higher th i it dipstick in the generator engine is the shielded type,
clectrolyte, the higher the Spectlic gravily. which allows checking the oil level while the engine is

either stopped or running. The dipstick is stamped on

h A;I hydrometeL|slla glasls synnt?e W'th z;ﬂ(;at inside It.d both sides to indicate the two different oil levels. The
The float is in a hollow, glass tube, weighted at one end ggine running side is stamped as follows: "ADD,"

and sealed at both ends, with a scale calibrated ifFyULL," and "RUNNING." The engine stopped side is
specific gravity marked on the side. The electrolyte to stamped as follows: "ADD," "FULL," and

be tested is drawn into the hydrometer by the suction"STOPPED." Be sure to use the appropriate add and
bulb. Enough electrolyte should be drawn into the full marks, depending on whether the engine is stopped
hydrometer so that the float will rise. Hydrometers ©f 'unning. Also, ensure that the appropriate side of the

. .. dipstick is up when inserting it since the underside will
should not be filled to the extent that the float rises into be wiped in the gauge tube when the dipstick is

the suction bulb. Since the weight of the float I at its yemqyeq, therefore, indicating a false oil level reading.
base, the float will rise to a point determined by the . , . :
weight of the electrolyte. If the electrolyte contains a To check the ol level, first remove and wipe the oil
i e . from the dipstick. Loosen and remove the oil filler cap
large concentration of the active ingredient, the float (i 3-1) to allow the pressure to escape. Reinsert the
will rise higher than if the electrolyte has a small dipstick (with the appropriate side up) and remove it to
concentration of the active ingredient. observe the oil level. Add oil through the fill tube, as
required, to obtain the "full" level on the dipstick. Be
To read the hydrometer, hold it in a vertical position sure to use the proper grade of oil. A lubricant chart in
and take the reading at the level of the electroligefer the instruction manual furnished with each generator
to the manufacturer's technical manual for battery Will show the proper grade of oil to use at the operating
specifications to find the correct specific gravity ranges. €MPerature.
An example of what your manual may say about the
specific gravity is that for a fully charged battery the
specific gravity should be 1.280 + 0.005. The manual Check that the level of coolant is within 2 inches (51
may tell you to recharge the battery if the specific mm) of the top of the radiator.
gravity is less than 1.250.

Water

_ WARNING
Always return the electrolyte in the hydrometer to

the cell of the battery from which it was taken. Do not attempt to remove the radiator cap
until the radiator has cooled to a point where
NOTE: Hydrometers should be flushed with fresh there will be no built-up steam pressure.
water after each use to prevent inaccurate readings. Failure to observe this warning could result in
Storage battery hydrometers must not be used for any  second- or third-degree bums.
other purpose.
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The day tank contains a dual type of float switch.
The upper float operates in conjunction with the fuel
solenoid valve to maintain a predetermined fuel level in
the tank. The lower float initiates an engine shut-down

Whenever you fill the radiator with coolant after it S€duénce. This sequence is initiated in the event that the
has been drained, fasten a tag near the radiator cap. Thix€! level in the tank will permit operation of the
tag should indicate the type of coolant and the degree ofd€nerator set at the rated load for only 1 minute.
protection the coolant gives. You must drain sediment and water from the day

tank as you did from the fuel tank. Remove the cap from

Regardless of the air temperature, be sure to use athe day tank drain valve and open the valve. (Refer to
antifreeze solution in the proportions recommended infig. 3-1, view B, for the location of the tank and its drain
the instruction manual for the generator. valve.) Drain water and sediment into a container.
Close the valve when clean fuel runs out of the tank, and
install the cap back on the valve.

Using an antifreeze solution tester, check that the
antifreeze content is sufficient for the existing ambient
temperature. Add antifreeze as required.

Fuel
VENTILATION

The fuel tank should be filled with clean fuel oil, WARNING
strained if necessary. Service the fuel tank as follows:

Do not operate the generator set in an
enclosed area unless the exhaust gases are
piped to the outside. Inhalation ofexhaust gases
will result in serious injury or death.

WARNING

Always maintain constant metal-to-metal
contact between the fuel tank filler neck and the
spout of the fuel supply. That will prevent the
possibility of sparking caused by static
electricity.

Keep the area around an operating generator set
well ventilated at all times so that the generator set will
receive a maximum supply of air.

Consider ventilation when you install the units

Remove the fuel tank filler cap (fig. 3-1, view B), inside a building. Every internal combustionengine is a
and fill the fuel tank with the proper fuel. (Refer to the HEAT engine. Although heat does the work, excess
instruction manual.) Replace the filler cap and wipe up amounts of it must be removed if the engine is to
any spilled fuel. function properly. This can be accomplished by setting
the radiator grille of the engine near an opening in the

Remove the cap from the fuel tank drain valve and . . ) .
open the valve. Let water and sediment drain into anwaII and providing another opening directly opposite

aporoved nonflammable container. When clean fuelthe unit. In this manner, cool air can be drawn in and the
ruF;\F; out of the tank, close the drain \}alve and install the hot air directed in a straight line outdoors. These
cap on the valve. openings can be shielded with adjustable louvers to

prevent the entrance of rain or snoim. addition, when

A day tank is one of the major components of the the generator is operating in extremely cold weather, the
fuel system. It has a capacity to permit engine operationtemperature in the room can be controlled by simply
for a minimum of 5 minutes. The day tank also provides closing a portion of the discharge opening. Additional
a settling point for contaminants (to prevent their entry doors or windows should be provided in the shelter if
into the engine) and supplies fuel to the engine fuelthe plants are installed in localities where the summer
pump. temperatures exceed 80°F at any time.
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EXHAUST SYSTEM discharge opening. You then extend the pipe through
the wall (or roof) of the building in a route that includes

The muffler and the exhaust pipe are connected tono obstructions and a minimum number of bends. If
the turbocharger exhaust elbow (fig. 34) and provide ayou have arranged the pipe to slope away from the
path for engine exhaust gases to exit the generator seengine, condensation will not drain back into the
The muffler reduces the noise level of the enginecylinders. If the exhaust pipe has to be installed so that
exhaust. The discharge opening of the muffler is |oops or traps are necessary, place a drain cock at the
covered by a hinged cap to prevent water from enteringlowest point of the system. All joints must be perfectly
the exhaust system when the generator is not operating. tight; and where the exhaust pipe passes through the

Let's look at an example of an indoor installation. Wall, you must take care to prevent the discharged gas
After bolting the generator set to the concrete pad andfrom returning along the outside of the pipe back into
enclosing it in a shelter, you are about to vent thethe building. Exhaust piping inside the building must be
exhaust system to the outside. You lift the exhaust capcovered with insulation capable of withstanding a
(fig. 3-4) and connect the gastight exhaust pipe to thetemperature of 1500°F.

TURBOCHARGER

EXHAUST PIPE

BREATHER ASSEMBLY

MUFFLER

EXHAUST PIPE
RAIN CAP

\ :
b %

\ A~

POOS9

RAIN SHIELD

CRANKCASE
BREATHER TUBE

Figure 3-4.—Exhaust and breather system.



The crankcase breather tube (fig. 3-4) is clamped to
the engine breather assembly. The breather tube
provides a path for engine crankcase vapors to exit the NO 6 COPPER WIRE
generator set. A rain shield is provided at the tube outlet
to prevent rain from entering the tube when the ———
generator is used outdoors.

WATER PIPE

GROUNDING

The generator set must be connected to a suitable
ground before operation.

WARNING

Electrical faults in the generator set, load
lines, or load equipment can cause injury or ,
electrocution from contact with an ungrounded A.
generator.

NO 6 COPPER WIRE

The ground can be, in order of preference, an
underground metallic water piping system (fig. 3-5,
view A), a driven metal rod (fig. 3-5, view B), or a
buried metal plate (fig. 3-5, view C). A ground rod must
have a minimum diameter of 5/8 inch (41 mm) if solid
or 3/4 inch (44 mm) if pipe. The rod must be driven to a
minimum depth of 8 feet (2.44 M). A ground plate must
have a minimum area of 2 square feet (0.186 square
meter) and, where practical, be embedded below the
permanent moisture level.

The ground lead must be at least No. 6 AWG
(American Wire Gauge) copper wire. The lead must be
bolted or clamped to the rod, plate, or piping system.
Connect the other end of the ground lead to the
generator set ground terminal stud (fig. 3-6, view A).

Use the following procedure to install ground rods: NO 6 COPPER WIRE

: . 2 MINIMUM SQUARE
1. Install the ground cable into the slot in the

ground stud and tighten the nut against the cable.
2. Connect a ground rod coupling to the rod and

install the driving stud in the coupling (fig. 3-6, view B). ,
Make sure that the driving stud is bottomed on the BT

ground rod.

3. Drive the ground rod into the ground until the
coupling is just above the ground surface.

4. Connect additional rod sections, as required, by
removing the driving stud from the coupling and
installing another rod section in the coupling. Make
sure the new ground rod section is bottomed on the
ground rod section previously installed. Connect Figure 3-5.—Methods of grounding generators.
another coupling on the new section and again install
the driving stud.



/GROUND CABLE

\

CLAMP

GROUND ROD

| o——— COUPLING

GROUND ROD
/

Figure 3-6.—Grounding procedure.

5. After the rod(s) have been driven into the meet the requirements, they will be not less than 6 feet
ground, remove the driving stud and the top coupling. apart.

NOTE: The National Electrical Code®© states that The resistance of a ground electrode is determined
a single electrode consisting of a rod, pipe, or plate thatprimarily by the earth surrounding the electrode. The
does not have a resistance to ground of 25 ohms or lesdiameter of the rod has only a negligible effect on the
will be augmented by additional electrodes. Where resistance of a ground. The resistance of the solil is

multiple rod, pipe, or plate electrodes are installed todependent upon the moisture content. Electrodes
P » PIpE, orp should be long enough to penetrate a relatively
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permanent moisture level and should extend well below and is particularly suitable for improving high-
the frost line. Periodic earth resistance measurementgesistance ground. The treatment method is
should be made, preferably at times when the soil would advantageous where long rods are impractical because
be expected to have the least moisture. of rock strata or other obstructions to deep driving.
_ _ There are two practical ways of accomplishing this
You need to test the ground rod installation to be regyit, as shown in figure 3-7. Where space is limited, a
sure it meets the requirement for minimum earth|gngth of tile pipe is sunk in the ground a few inches
resistance. The earth resistance tester may be used t95m the ground rod (fig. 3-7, view A) and tilled to
perform the test. You should make this test before you yinin 1 foot or so of the ground level with the treatment

connect the ground cable to the ground rod. chemical. The best treatment chemicals for all

When ground resistances are too high, they may beSituations cannot be covered within the scope of this
reduced by one of the following methods: manual. You may work with your engineering office to
determine the possible corrosive effect on the electrode.

Examples of suitable noncorrosive materials are

meansl o{hreduc;)r]g éhe ret3|stan?cet to g(;ound; f(l)rmagnesium sulfate, copper sulfate, and ordinary rock
exampe, the combined resistance ot o rods prOpery?alt. The least corrosive is magnesium sulfate, but rock
spaced and connected in parallel should be 60 percent o

the resistance of one rod; the combined resistance o?alt Is cheaper and does the job.

three rods should be 40 percent of that of a single rod. ~ The second method is applicable where a circular or
semicircular trench can be dug around the ground rod to
hold the chemical (fig. 3-7, view B). The chemical must

be kept several inches away from coming into direct
contact with the ground rod to avoid corrosion of the
rod. if you wish to start the chemical action promptly,

1. Using additional ground rods is one of the best

2. Longer rods are particularly effective where
low-resistance soils are too far below the surface to be
reached with the ordinary length rods. The amount of
improvement from the additional length on the rods
depends on the depth of the low-resistance soils, ‘
Usually, a rather sharp decrease in the resistanc ou should go ahead and flood the treatment material.

: : he first treatment usually contains 50 to 100 pounds of
measurements is noticeable when the rod has beep _* . : / . .
driven to a low-resistance level. material. The chemical will retain its effectiveness for 2

to 3 years. Each replenishment of the chemical extends
3. Treating the soil around ground rods is a reliable the effectiveness for a longer period so that the necessity
and effective method for reducing ground resistancefor future retreating becomes less and less frequent.

SOIL TREATING MATERIAL PLACED IN CIRCULAR
TRENCH AND COVERED WITH EARTH

GROUND ROD

REMOVABLE COVER
(WITH HOLES)

N -
ane?

SOIL TREATMENT

)
\ *'.\'
\4.\ \‘ z
1
! ?
- Q]

S S )
: BOREHRR

=
<
z MATERIAL

| z
a3 i LS APPROX. 18 IN. =
Z o || APPROX. oy
o) f sIN ] Sw
=1 U ' 2o

< GROUND RODﬁ.—} Q

.___._U A. CONTAINER METHOD V_+
B. TRENCH METHOD

Figure 3-7.—Methods of soil treatment for lowering of ground resistance.
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4. A combination of methods may be WARNING
advantageous and necessary to provide desired ground
resistance. A combination of multiple rods and soil Before attempting to connect the load
treatment is effective and has the advantages of both of ~ c@bles to the load terminals of a generator set,
these methods; multiple long rods are effective where _make sure the set is not operating and there is no

iy o . . input to the load.

conditions permit this type of installation.

After you are sure you have a good ground, connect  Refer to figure 3-8 as you follow this procedural
the clamp and the ground cable to the top ground rodHiscussion for making load connections.

tightening the screw. transparent cover by loosening six quick-release
fasteners. Remove the wrench clipped to the cover.

NOTE: Be sure to maintain the proper phase
relationship between the cable and the load terminals;
that is, AO to L1, BO to L2, and so forth.

A typical generator set is outlined in figure 3-8, 2. Attach the load cables in the following order:
showing the load cables and output load terminals. L0, L3, L2, and L1 as specified in step 3 below.

CONNECTIONS

TERMINAL
NUT
LOAD
TERMINAL
/
LOAD
CABLE
L A J
Q)

FRONT wp

3
R

PROTECTIVE
SLEEVE

L1 L2 W3 Lo

\ \
DRAWSTRING LOAD TERMINALS ACCESS DOOR DENPOOE3
SEE

Figure 3-8.—Load cable connections.
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3. Insert the load cables through the protective compare the phase rotation of an incoming alternator
sleeve. Attach the cables to their respective loadthat is to be operated in parallel with an alternator
terminals, one cable to each terminal, by inserting the already on the line or to determine the phase rotation of
cable in the terminal slot and tightening the terminal nut motors being put into use for the first time.
with the wrench that was clipped to the transparent
cover. Install the wrench on the cover and install the
cover.

One type of phase sequence indicator is a tiny three-
phase induction motor. The three leads of the motor are
labeled "A," "B," and "C," as shown in figure 3-10. The

4. Tighten the drawstring on the protective sleeve insulating hoods over the clips are of different colors:
to prevent the entry of foreign matter through the hole red for A, white for B, and blue for C.

around the cable. The rotor in the instrument can be observed through

You may convert the voltage at the load terminals to the three ports as it turns so that you can note the
120/208 volts or 240/416 volts by properly positioning direction in which it rotates. The rotor can be started by
the voltage change board (fig. 3-9). The board is locatedmeans of a momentary contact switch: it, stops again
directly above the load terminal board. when you release the switch.

The procedure for positioning the voltage change You also may use a solid-state phase sequence
board for the required output voltage is as follows: indicator with two lights. Whichever light is on
indicates the phase sequence of the voltage in the
conductors that the instrument is connected to; for
example, the light labeled "ABC" indicates one phase

2. Remove the 12 nuts from the board. Move the sequence, while the other light, labeled "BAC,"
change board up or down to align the change boardndicates another. If you are working with three-phase
arrow with the required voltage arrow. Tighten the 12 conductors (all of the same color) that are installed but
nuts to secure the board. not labeled, you may connect the phase sequence

3. Position and secure the transparent cover withindicator to the three conductors, turn on the power,

the six quick-release fasteners and close the acces‘g1eck the phase_ sequence of the conductors as
connected to the instrument, and turn off the power.

You may then label the conductors with numbers,
PHASE SEQUENCE INDICATORS letters, or colored marking tape.

o _ ) You also may check the phase sequence of an

The phase sequence indicator is a device used tghcoming alternator before paralleling it with an
compare the phase sequence of three-phase generatogperating load-side alternator. Connections must be
or motors. Examples of its use are as follows: to made so that the phase sequence of the two generators

will be the same.

1. Disconnect the transparent cover by loosening
the six quick-release fasteners.

CHANGE
BOARD _ NUTS

\
& —_/_©
@@ © ©
- © @
O O
06NPO06L
Figure 3-9.—Voltage change board. Figure 3-10.—Phase sequence indicator.
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Figure 3-11 shows the leads of two generators to beconnections, for example, and for loose bolts and cap
parallel. The proper procedure for ensuring phasescrews). Also, check the fault indicator panel and
sequence with a phase sequence indicator is as followscontrol cubicle for broken or missing bulbs and fuses.
Connect indicator terminals A to,XB to Y,, and C to
Z,, press the contact switch, and note the direction of
rotation of the rotor.

Now move the A terminal to X, the Bto Y, and the C WARNING
to Z, and again press the switch. If the rotor turns in the
same direction as before, the phase rotation is the same
for the alternators, and the connection can be made X to While performing your visual inspection,

Xy, Yto Yy, and Z to Z  If the rotor turns in the look for service tags. If service tags are present,
opposite direction, transpose the connections of any  do not attempt to start or run the generator.
two of the incoming alternator leads before making the

connection.

Check the wiring diagrams in the instruction
manual furnished with the generator to see whether any
wire is connected improperly. If you find faults, correct
them immediately.

It is not absolutely necessary that A be connected to
the left-hand terminal, B to the center terminal, and C to
the right-hand terminal. This is a practical method,
however, used to avoid the danger of confusing the
leads. The important thing is to ensure that the phase
sequence indicator that was used qrb& brought
down to X, the one used on ¥ Y, and the one used on 1. Crankcase lubricant.
Z, to Z. Reversing any two of the leads will reverse the
direction of rotation of the rotor of the instrument.

Be sure to check the levels of the following:

2. Radiator coolant.
3. Fuel.

4. Electrolyte in the batteries. After donning the
proper personnel protective equipment (chemical
loves, goggles, and face shield), add to the actual level
0 bring it up to the required level, if necessary.

INSPECTION OF THE
GENERATOR

Open all access doors of the generator set and mak
a thorough visual inspection of the generator for loose
On large generators you should check the area

or missing mounting hardware and damaged or missing. .~ . ™ .
_ ventilation; the fan cover must be opened and latched in
parts (look for broken or loose electrical and hose,t position. There must be no cover or obstructions
-- - - over the radiator section. The bypass shutters or doors
’ 1 ' may be closed to shorten the warming-up period, and
INCOMING ' roof hatches and side louvers may be opened for
ALTERNATOR additional ventilation, if required.

DISTRIBUTION
PANELBOARDS

\ \ Power from the generator set must be delivered to
various connected loads safely and efficiently. The

relatively large cables connected to the load terminal
board of the generator, if sized properly, can conduct all
the power the generator can produce. This power has to

/ get to the different connected load equipment without
¢ J overloading the conductors or overheating conductor
ALL('ID'QER);\JSA?(E)R X4 Y, Z, insulations.

ALREADY IN In this section, the makeup of panelboards,
OPERATION 06NP00E6 connections to them, and the installation of the
Figure 3-11.—Diagram for checking phase sequence of advanced-base type of portable panelboards are

alternators. presented,
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OVERCURRENT PROTECTION the panelboard terminals. The same phase relationship
should be maintained throughout the wiring system
If the load cables come into contact with each other from the generator to the load. You may see terminals
and short-circuit the generator, the generator windingsmarked with numbers, such as L1, L2, L3, and LO
could be damaged by excessive current unless théfig. 3-12, view A) or the letters and symbols A0, BO,
generator windings and load cables are protected by &0, and N (fig. 3-12, view B). Wire in different parts of
circuit breaker. The circuit breaker "breaks" or the system may be marked with numbered, lettered, or
interrupts the circuit anytime there is a short circuit or colored tape. (The color sequence is black, red, blue,
overload condition in the load cables. and white.) Either way, the phase sequence is the same.

One large load, consuming an amount of power at ~ You may have to "ring out" (identify) unmarked
or near the maximum power output of the generator,cables or conductors in the conduit (fig. 3-12, view C)
could theoretically overload the generator in the eventbefore connecting them to the power source or load.
of a fault. In this case, one circuit breaker could trip the This identification process can be accomplished in any
circuit and protect both the generator and the load. Butone of several ways. You may use a bell and battery,
small-load conductors connected directly to the largerbuzzer and battery, or ohmmeter, for example. Any of
generator load cables could likely burn up without these devices may be used to check for continuity
drawing enough current to cause the circuit breaker ofthrough each conductor to ground (a conduit, for
the generator set to open the circuit. example). After a conductor is identified, it is then

In the interest of safe operation of load circuit Ma'ked:
conductors and safety of area personnel, you must Use,~o—ap| £ POWER DISTRIBUTION
properly sized overcurrent devices (circuit breakers orPANELBOARDS
fuses).

Portable, weatherproof, power distribution
DISTRIBUTION panelboards are available, similar to the one shown in

The generator load cables are terminated at a type of
distribution bus bar from which one or more
overcurrent protective devices are connected. Current
through each of the overcurrent devices is limited by the (o9 ch)
overcurrent rating or setting of the devide. this way
power from the generator may be safely distributed
through protected conductors to the various connected QOO0

loads. \
NG (N)@'_—_:Z]

Lt L2 t3 o

PANELBOARDS A B.
(SOURCE) DISTRIBUTION
GENERATOR PANELBOARD
A panelboard includes buses and automatic eniD s TERMINALS
overcurrent protective devices placed in a cabinet or
cutout box and mounted in (flush) or against (surface) a
wall or partition. The panelboard is accessible only
from the front. A panelboard serves the purpose
mentioned above for the distribution of electric REPRESENTATVECONDUIT, A
power. ad] ) Eueseseser,
g
PHASE RELATIONSHIP —
CONTINUITY TESTER 06NPOOS?
When you connect the generator load to the (OHMMETER) C.
panelboard, be careful to match the cable markings to Figure 3-12.—Conductor identification.
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figure 3-13. Load cables can be plugged into the  Portable generators and panelboards can be placed
receptacles along the front (fig. 3-13, view A). With the into service quickly and with relatively little effort,
cover raised (fig. 3-13, view B), access to the circuit COmpared to a permanent installatioDo not let
breakers and test jacks is provided. This panelboard isexpedlence cause you to become careless, though, in

o _ . _placing the equipment and routing the load cables.
an advanced-base distribution center. A single-line g af planning can result in a much safer and more

diagram of the bus and circuit breakers is shown inefficient installation for both you and your fellow

figure 3-14. Seabees.
TR oy *w’ W n
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Figure 3-13.—Portable power distribution panelboard.
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Figure 3-14.—Diagram of the portable power distribution panelboard.

GENERATOR WATCH discovered before a serious failure occurs. Operator
maintenance includes both prestart checks and
While standing a generator watch, you must be alert operating checks.
and respond quickly when you recognize a problem.
You might not have control of every situation but at Prestart Checks
least you can secure the generator and prevent serious
problems. When starting the generator set and preparing to put

Your primary purpose is to produce power in a safe It on Ilne, you expect everything to go well. A
) ! . systematic inspection before start-up will help ensure
gpc:ere;ponstl_ble n;ﬁntner. Tjo'tj nk;ay no;[_llge dméu?tgnamﬁhat the generator will operate properly. To do a prestart
pair actions that need 1o be rectilied but do Not o,q oy ynipe generator, make the following inspections:
require immediate attention and do not affect your

watch Make note of these problems so that they will be 1. Ground cable. See that the cable is intact and
taken care of by the repair crew. In addition, that the connections are tight.

cqchentra;fe on doing your job properly, and your efforts 2. Engine. Compare the actual lube oil level to
will pay off.

the appropriate markings (running level or stopped
A generator watch involves performing operator level) on the dipstick. The stopped level is, of course,

maintenance, maintaining the operator’'s log, operatingappropriate for prestart checks. Add oil as required.

a single generator, or operating paralleled generators. Check the engine for loose connections; free action

of all moving parts, such as the throttle linkage and the
OPERATOR MAINTENANCE emergency shut-off lever; and for leaking oil, fuel, or

Operator maintenance generally includes whatever®001at

you have to do to start the generator set and keep it 3. Coolant system. Check that the coolant is at
running smoothly and safely. Equipment must be the required level. Add coolant as required. Using an
inspected systematically so that defects can beantifreeze solution tester, check that the antifreeze
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content is sufficient for the existing ambient condition and tightness at the seams and at the point of

temperature. (Refer to the manufacturer’s manual forcoupling near the housing.

the t_ype and quantity of antifreeze. Add antifree;e as 7. Alternator (fig. 3-16) and belts. Inspect the

required.) Check the hoses and clamps for security.  ajternator for signs of overheating, frayed or loose
4. Batteries. Check the batteries for the requiredwiring, and corrosion. Inspect the alternator drive belts

electrolyte level; add distilled water or, if distilled water and fan belts for proper tension and for cracks, fraying,

is not available, clean tap water as required to raise thénd other signs of deterioration.

electrolyte level to the slots in the filler wells. 8. Breather. Inspect the breather extension for
5. Air intake system. Check the air intake system tightness, general condition, and leakage. Check that

cleaner for excessive dirt (see AIR CLEANER PANEL the breather coupling is not restricting the flow of air

FILTER, fig. 3-15); remove and clean the air cleaner @nd that the breather exit port is clear.

panels as required. Check the air intake louvers and 9. Fuel system. Inspect the electric fuel transfer

radiator grille for freedom of motion, and ensure that pumps for secureness, tight fittings, signs of damage,

they are not clogged. corrosion, leaks, and loose electrical connections.

6. Exhaust extension. Inspect the exhaust Look over the fuel filters and strainers for leaks and
extension (where extended through the roof or wall) for tight fittings. Drain water and sediment from the

LUBRICATING AIR CLEANER MODE 1
ACCESS oiL LFTING  PANEL RELAY ~CONTROL  FULLT o
FILTERS FRAME  FILTER Box  CUBICLE 'NDICATC

DOOR EYEBOLT

PLATE (FUEL
BURNING
WINTERIZATION
KIT CONTROL
BOX OPENING)

CONTROL
CBRRAEP:G?'IAESRE CUBICLE
TUBE DOOR

DI ATE /El ECTRIN
Lat Vo R~ (=1t S R e

WINTERIZATIO
\ KIT CONTROL

z

BOX OPENING)

DC CONTROL
CIRCUIT
BREAKER

\ CONVENIENCE
FUEL TRANSFER GENERATOR TACTICAL RECEPTACLE

VALVE RELAY
BOX

Figure 3-15.—Generator set, left rear, three-quarters view.
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MODE 1

OR FUEL
RSS;Y GOVERN INJECTION
/ MUFFLER ~ PUMP
EXHAUST
- PIPE
EXCITER - = RAIN CAP
REGULATOR =
—] = CRANKCASE
Qo BREATHER
0 \ \ RAIN SHIELD
RADIATOR
2: GRILLE
VOLTAGE 22l 3 h
CHANGE =~ 0 +——— HOUSING
BOARD .
A
LOAD TERMINAL
BOARD
BATTERY
R COMPARTMENT
ACCESS DOOR
SKID
BASE
STARTER
MOTOR  SECONDARY BATTERIES
FUEL
FILTER S
ALTERNATOR SLAVE
ENGINE RECEPTACLES
06NPOO71
Figure 3-16.—Generator set, right front, three-quarters view.
primary filter and strainer and from the secondary filter, WARNING
using rags to catch the waste.
Check the day tank for leakage or signs of obvious Always maintain constant metal-to-metal

damage. Remove the cap from the day tank drain valve ~ contact ]E)eﬁwefen Ithe fu?l tank filler neck and the
and open the valve. Drain the water and sediment into a spout of the fuel supply. That will prevent the

. . ossibility of sparking caused by static
suitable container, close the valve, and replace the cap. glectricityy P g y

Inspect the fuel lines, valves, and fittings for bent,

leaky, or loose connections and signs of obvious  Remove the fuel tank filler cap and fill the tank with
damage. Inspect the fuel tank for leakage or obviousthe proper fuel. Replace the filler cap and wipe up any

damage. spilled fuel. Remove the cap from the fuel tank drain
valve and open the valve. Permit water and sediment to
Service the fuel tank as follows: drain into an approved nonflammable container. Close
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the drain valve when clear fuel runs out of the tank. Operating Checks

Reinstall the cap on the valve. ,
P The operator can use his or her senses to detect

many potential problems. The operator may smell

Remove the fuel filler cap and strainer, as shown in , : . .
figure 3-17. Check the cap vent valve for proper overheated insulation, hear peculiar noises, see an

opening and closing. Inspect the strainer for holes, indicating light signaling a fault, or feel unusual

breaks, and tears. Also, inspect the parts for cracks!Prations from the generator or engine.

breaks, and other damage. Install the cap and strainer, Operator maintenance requirements vary with
as shown in figure 3-17. different types of generators. General operator

NOTE: The fuel tank filler cap vent valve must be Inspections and tasks are as follows:

in the open position during operation of the generator 1. Oil level. Frequently, check the appropriate oil
set. level. Add oil as needed to maintain the required level.

(Intervals between oil checks and changes will vary for

_ 10. Ether system. Ins_pect the ether system (Used_toabnormal operation and severe conditions.)
aid cold-weather starting). The ether cylinder is

connections, corrosion, and any other signs of obviousWater to maintain the required level.

damage. 3. Exhaust and breather systems.
11. Set controls and instrumentation. Inspect
meters and gauges at the control cubicle (fig. 3-15) for WARNING
bent pointers, broken glass, unreadable dial faces, and
restricted movement of pointers. Clean gauges and Components of both the exhaust and
meter faces with a lint-free cloth. crankcase breather systems (muffler, pipe,

tube, and hose) become extremely hot during
generator set operation. Do not handle any of
them while they are hot.

Check for broken indicator lenses and for
unreadable lettering.Set the panel light to ON; the
panel lights should light.

Check all switches for positive action; each switch Inspect the muffler for holes, dents, signs of
should snap from one position to the next. extreme corrosion, and metal deterioration. Also, check
r FILLER CAP
/‘P
TUBE
STRAINER
, O,
A e
|| HOOK
. FUEL TANK
FILLER NECK
VENT VALVE
D = N
/ GASKET \.—K\ ~.
ROTATED 180 CCW
CLARITY A
OENPOOT2

Figure 3-17.—Fuel filler cap and strainer.
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for loose or broken clamps and general secureness of the&lean and neat. Any corrections or changes to entries
muffler. Check all pipes and ducts associated with thefor a watch must be made by the person who signs the
exhaust system for holes, dents, signs of extremdog for that watch.
corrosion, and metallic deterioration. Also, check for . -

The log serves as a basis for determining when a

loose and broken bolt<Check the exhaust ram cap for . , . . ;
signs of corrosion and freedom of movement. Check the_partlcular piece of electrical equipment is ready for

breather tube and associated hoses for loose clampg‘;npggt'ggrﬁnd rrgja;ntenaltnce. dCurlrerr]\t and previous Iogst
holes in the hoses, and loose bolts. pared 1o spot gragual changes Iin équipmen

condition. These changes might not otherwise be
4. Cooling system. Check all hoses for cracks, detected in day-to-day operation.

cuts, _si_g_ns of deterioration, and bulges (indicating the  peafects discovered during operation of the unit
possibility of future rupture). Check all clamps for gpoyig e noted for future correction; such correction to
tightness and signs of corrosion. be made as soon as operation of the generator set has

ceased.

WARNING Making accurate periodic recordings is particularly

important. The intervals of these recordings will be

Do not attempt to remove the radiator cap based on local operating conditions.

until the radiator has cooled to a point where

there will be no built-up steam pressure. The form used for log entries varies with the views
Failure to observe this warning could result in of the supervisory personnel in different plants, and
second- or third-degree burns. there is no standard form to be followed by all stations.
Regardless of form, any log must describe the hourly

OPERATOR’'S LOG performance not only of the generators but also of the

The operator's log (also called the station log) is a numerous indicating and controlling devices.

complete daily record of the operating hours and  Figure 3-18 shows one type of log that may be kept
conditions of the generator set. The log must be kepton the generator units of a power plant. This is only a

SUGGESTED FORM OF PLANT OPERATION LOG
umTNo. 1785 UNITNO. 842 UNIT NO. _3465
Date Tone REMARKS
1= Il Rngial | £t~ il Renasiodl | B =1 il Rni
2/8/93] 1600 | 1950 | 220 58 302.0 52 220 9340 | 220 27 Started up
- 1730 | 196.5 added 2qts oil to #1785
2100 | 2000 | 221 54 307.0 49 221 shut down #3465
OPERATOR

Figure 3-18.—Typical generating station operator’s log.
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suggested form, of course, and there may be many othegubicle is divided into an engine section and a generator
forms at your generating station to keep records on.  section.

3. Set the PARALLEL OPERATION-SINGLE

OPERATING PROCEDURES FOR SINGLE UNIT OPERATION select switch (located in the

GENERATOR SETS GENERATOR section of the CONTROL CUBICLE)
to SINGLE UNIT OPERATION.

The following operating procedures are general 4. Set the VOLTAGE ADJUST-INCREASE

procedures for operating a single generator unit. SoMeconro| to the lower half of the adjustment range.
procedures will vary with different types of generators.

Study carefully the recommendations in the 5. Depress the DC CONTROL CIRCUIT
manufacturer’s manual for the generator you are toBREAKER (located to the lower right of the
operate. Learn about the capabilities and limitations of CONTROL CUBICLE) to ON.

your machine(s). In the event of a problem, you will 6. Set the START-STOP-RUN switch (located in

know what action is required to lessen the effects of thethe ENGINE section of the CONTROL CUBICLE) to
problem. You or your senior should make a checklist of RyUN.

operating procedures from the manual and post it near _
the generator. 7. Set and hold the TEST or RESET switch (on

the FAULT INDICATOR PANEL) in the UP position.

‘The steps below will cover starting and operating a Each fault indicator light should be on Check and
typical diesel-driven generator se(This set uses a dc-  replace defective lamps or fuses.

powered motor for starting the diesel engine.) These

steps will also cover applying an electrical load. 8. Allow the TEST or RESET switch to return to
P ppying the mid-position. Each fault indicator light, with the

out. When the engine has started, the LOW OIL
Proceed as follows to start the typical generator set: PRESSURE light should also go out.

NOTE: If the NO FUEL light stays lit, refill the set

WARNING or auxiliary tank. Position the BATTLE SHORT switch

_ (CONTROL CUBICLE) to ON (the fuel pump will run
Do not operate the generator set unless it fj|| the day tank). Set the TEST or RESET switch to
has been properly grounded. Electrical faults 0 yp position and then release it; the NO FUEL light

such as leakage paths) in the generator set, . .
f(eeder lines. or I%adpequigment car? cause injury should go out when the switch handle is released.

or death by electrocution.

9. Set the CKT BRK CLOSE-OPEN switch

Before operating the set for the first time, ensure (CONTROL CUBICLE) to OPEN.
that service procedures were performed upon its receipt 10. Push and release the AIR CLEANER
according to the manufacturer’s literature. See also thatCONDITION indicator, BATTLE SHORT indicator,
all preventive maintenance checks have beerand CKTBRK indicator. Each indicator light should go
performed. The voltage change board must be adjustean as the indicator is pushed and go out when the
for the required voltage (fig. 3-11). indicator is released.

1. Open the CONTROL CUBICLE and AIR a. If the AIR CLEANER CONDITION
INTAKE DOORS (fig. 3-15). Close the HOUSING indicator remains lit, the air cleaner must be serviced.

PANEL (ACCESS) DOORS, b. If the CKT BRK indicator remains on after
2. Set the FUEL TRANSFER VALVE (fig.3-15) you set the CKT BRK switch to OPEN, you cannot

to the desired source of fuel, preferably the auxiliary continue the procedure. The circuit breaker must

tank, if it is connected. function properly. The generator cannot be used until

NOTE: Refer to figure 3-19 for the CONTROL € Problem is corrected.
CUBICLE, FAULT INDICATOR PANEL, DC 11. Depress the lock button on the ENGINE
CONTROL CIRCUIT BREAKER, and ENGINE MANUAL SPEED CONTROL (located below the DC
MANUAL SPEED CONTROL. Notice that the control CONTROL CIRCUIT BREAKER), and set the control.
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GENERATOR SET
Figure 3-19.—Control cubicle, controls, and indicators.

CAUTION 12. Set and hold the START-STOP-RUN switch to

the START position until the engine starts. As the
Do not crank the engine in excess of engine starts, observe the following:

15 §econds at a time. Allow the starter to cool a a. The OIL PRESSURE gauge indicates at
minimum of 3 minutes between cranking.

least 25 psig.
WARNING b. The VOLTS AC meter indicates the
presence of voltage.
Operation of this equipment presents a c. The LOW OIL PRESSURE indicator light

noise hazard to personnel in the area. The noise  on the FAULT INDICATOR PANEL goes out.

level exceeds the allowable limits for 13. Release the START-STOP-RUN switch.
unprotected personnel. Wear earmuffs or iom th e

earplugs. Position the switch to RUN.
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Operating the Generator Set is indicated for any phase position, reduce or
reapportion the load.

The procedures for operating a single generator set - Périodically (not less than once per hour),
(single unit) are as follows: monitor the engine and generator indicators to ensure

their continued operation.
1. Ensure that the PARALLEL OPERATION- 10. Perform anv “during operation” preventive
SINGLE UNIT OPERATION switch (fig. 3-19) is set . & m any -auring operation” preventiv
to SINGLE UNIT OPERATION. checks according to your checklist.

2. Position the AMPS-VOLTS selector switch to When in operation, the generator set should be

the required position. Rotate the VOLTAGE ADJUST _mo_nito_red peri(_)dically (at least once an hour) for signs
control to obtain the required voltage. Read the voltagemd'cat'ng possible future malfunctions.

from the VOLTS AC meter. After the warmup, the lubricating oil pressure
3. Depress the locking button, and slide the should remain virtually constant. Check and record the
ENGINE MANUAL SPEED CONTROL in or out to  level of lubricating oil while the engine is running
obtain the approximate rated frequency; rotate thenormally. If any significant changes occur in the oil
vernier knob (the knob on the control) clockwise or pressure, notify the maintenance personnel. Check and
counterclockwise to obtain the rated frequency. record the coolant temperature of the normally running
engine. Notify maintenance personnel if the coolant

NOTE: If necessary, the load may be applied temperature changes significantly.

immediately.
4. Operate the engine for at least 5 minutes to ~ Learn the sounds of a normally running generator
warm it up. set so that any unusual sounds indicating the possible

tart of a malfuncti be detected earl ht
5. Apply the load by holding the CKT BRK avoid major damage. oo

switch (on the CONTROL CUBICLE) to CLOSE until

the CKT BRK indicator lights go out. Then release the ~ Stop the operation immediately if a deficiency that
switch. woulddamage the equipment is noted during operation.

6. Observe the readings from the VOLTS AC opERATING PROCEDURES FOR
meter and the HERTZ (FREQUENCY) meter. The paARALLELING GENERATORS
voltage readings should be 120/208 to 240/416 volts ac

(depending on the positions of the AMPS-VOLTS  Thjs section will include procedures for paralleling

select switch and the voltage change board). Let's say generators, removing a set from parallel operations, and
for example, that you positioned the voltage changestopping generator set operation.

board for 120/208 volts before you started the generator

set. When you position the AMPS-VOLTS selector =~ NOTE: These procedures assume that one
switch to L2-LO VOLTS/L2 AMPS while the generator 9€nerator setis on |_|ne (operating and cpnnected to the
is operating, the VOLTS AC meter should indicate 120 distribution feeder lines through the switchgear). The

volts. The PERCENT RATED CURRENT meter will S€t that is to be paralleled is designated the incoming set
indicate the percent rated current (not more than 100(fig. 3-20).

percent) between generator line 2 and neutral. The

HERTZ (FREQUENCY) meter should indicate 50 or CAUTION

60 hertz. The KILOWATTS meter should indicate no

more than 100 percent with the HERTZ When you are operating generator sets in

(FREQUENCY) meter showing 60 hertz. Readjust the parallel, they must have the same output

voltage and frequency, if necessary. voltage, frequency, phase relation, and phase
7. Observe the KILOWATTS meter. If the meter sequence before they can be connected to a

common distribution bus. Severe damage may
occur to the generator sets if these requirements
are not met.

indicates that more than the rated kilowatts are being
consumed, reduce the load.

8. Rotate the AMPS-VOLTS selector switch to
each phase position and monitor the PERCENT  Adjusting the engine speed of the incoming set
RATED CURRENT meter. If more than the rated load while observing the output frequency and the
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Figure 3-20.—Parallel operation connection diagram.
SYNCHRONIZING LIGHTS (fig. 3-19) will bring the Refer to figures 3-19 and 3-20 to set up the

phase and frequency into exact agreement. As the phasgenerator sets for parallel operation.
and frequency approach the same value, the

SYNCHRONIZING LIGHTS will gradually turn on

and off. When the blinking slows to a rate of once per WARNING
second or slower, close the main circuit breaker of the
incoming set while the SYNCHRONIZING LIGHTS

are at a point of being dark’he phase sequence relates
to the order in which the generator windings are
connected. If the phase sequence is not correct, the
SYNCHRONIZING LIGHTS will not blink on and off
together. When the incoming set is first connected to
the load through the appropriate switchgear (fig. 3-20).  yojtages could be present. Take extreme care
you should observe one of four occurrences. When the ot tg cross the LO (neutral) with any of the
phase sequence, voltage, frequency, phase, and engine other phases (L1, L2, or L3)
performance are the same, the changeover will be

smooth with Only the Sl|ghtest hesitation in engine Para”e”ng Procedures

speed; if each output is slightly out of phase, one of the

engines will shudder at the point of changeover; if the 1. Connect the incoming set, as shown in figure
phase sequence or voltage levels are incorrect, thg-20.

reverse power relay will trip on one of the generator sets .

and open its main circuit breaker contactors; if the 2. Mak_e certain tha_t the voltage cha_nge b(_)ard
incoming generator set loses speed significantly or(reconnectlon board) (fig. 3-12) of the incoming

almost stalls, the incoming engine may be defective. generator Is set up for the same output voltage as the on-
’ line generator.

When performing step 1, make certain that
the incoming set is shut down and that there are
no voltages at the switchgear terminals being
connected to the incoming set. Do not take
anybody’s word for it! Check it out for
yourself! Dangerous and possibly deadly

3. Set CKT BRK switch on the incoming set to
OPEN. When the incoming set circuit breaker is open
(CKT BRK indicator light will be out), operate the load
switchgear so that the on-line output voltage is present
at the voltage change board of the incoming set.

CAUTION

Should either generator set lose speed,
buck, or shudder when the incoming set is
connected to the distribution feeder lines,

immediately flip the CKT BRK switch of the 4. Set the PARALLEL OPERATION-SINGLE
incoming set to open, and then recheck the  UNIT operation switch on both sets to PARALLEL
paralleling set-up procedures. OPERATION.
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5. Start the incoming set. The on-line set should
be in operation already.

6. After a 5-minute warmup, try the VOLTAGE
ADJUST control on the incoming set until the output
voltages of both sets are equal.

CAUTION

If the synchronizing lights do not blink on
and off in unison, the phase sequence is
incorrect. Shut down the incoming set and
recheck the cabling to and from the incoming
set.

7. On the incoming set, position the ENGINE
MANUAL SPEED CONTROL until the
SYNCHRONIZING LIGHTS blink on and off as
slowly as possible.

8. With one hand on the CKT BRK switch, adjust
the ENGINE MANUAL SPEED CONTROL vernier
knob until the SYNCHRONIZING LIGHTS dim
gradually from full on to full off as slowly as possible.
Just as the SYNCHRONIZING LIGHTS dim to out, set
and hold the CKT BRK switch to close. When the CKT
BRK indicator light comes on, release the switch.

CAUTION

Before removing the generator set(s) from
parallel operation, make sure the load does not
exceed the full-load rating of the generator
set(s) remaining on the line.

1. On the outgoing set, position and hold the CKT
BRK switch to OPEN until the CKT BRK indicator
light goes out. Release the switch.

2. On the outgoing set, allow the engine to operate
with no load for about 5 minutes.

3. On the outgoing set, pull the DC CONTROL
CIRCUIT BREAKER to OFF.

4. On the outgoing set, set the START-STOP-
RUN switch to STOP.

WARNING

Make certain the outgoing set is shut down
and there are no voltages at the switchgear
terminals connected to the outgoing set. Do not
take anybody’s word for it! Check it out for
yourself!

5. Disconnect the cables going from the outgoing
set to the load switchgear.

9. On both sets, check that the readings of the

PERCENT RATED CURRENT meters and
KILOWATTS meters are well within 20 percent of
each other.If not, increase the engine power of the set
with the lower readings (by adjusting the ENGINE
MANUAL SPEED CONTROL to increase the speed)
until the readings are about equal.

NOTE: The division of the kilowatt load is also

dependent on the frequency droop of the two sets anqqo |

must be adjusted at the next higher level of

maintenance. If the current does not divide as described

above, adjust the reactive current-sharing control
located at the right side of the special relay box for equal
reading on both percent rated current meters.

10. On the incoming set, readjust the voltage and
frequency of the output until it is equal to the output of
the on-line set.

Removing a Generator Set from Parallel
Operation

Refer to figure 3-19 while following the procedure
for removing a generator set from parallel operation.
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Stopping Generator Set Operation

Refer to figure 3-19 as you study this section.

1. Set the CKT BRK switch to OPEN until the
CKT BRK indicator light goes out, then release the
CKT BRK switch.

2. Allow the engine to cool down by operating at
oad for 5 minutes.

3. Set the START-STOP-RUN switch to STOP.
4. Close all generator doors.

MAINTENANCE

There are actually three major categories (or levels)
of maintenance. The three categories are (1) depot,
(2) intermediate, and (3) organizational. In depot or
intermediate maintenance, equipment is restored to
like-new condition or subjected to some degree to
detailed repairs. Under the organizational category,
generator maintenance may consist of inspection,
testing, adjustment, and so forth, and then perhaps



replacement of, rather than repair of, a faulty WARNING
component.

Compressed air used for cleaning can
create airborne particles that may enter the
eyes. Pressure shall not exceed 30 psig
(206 kPa). Wearing of goggles is required.

Two types of organizational maintenance are (1)
operator and (2) preventive. Each of the two types
should complement the other.

Defects discovered during operation of the unit will

be noted for future correction either by the operator or CAUTION

by maintenance personnel, as appropriate. The purpose _ )
of preventive maintenance is to keep the machinery Exercise care to prevent dry-cleaning
running trouble-free. The operator will likely have solvent from coming into contact with
fewer problems if the preventive maintenance work is  €lectrical components.

done well.

Painted metal surfaces should be wiped with a clean

In our previous discussion we have seen thatlint-free cloth moistened with cleaning solvent (P-D-
operator maintenance includes many of the tasks you do680, type II). Hard deposits may be scrubbed off with a
before, during, and after you operate the generator set t@ristle brush that has been dipped in solvent. Dry the

produce power. surfaces with a clean lint-free cloth.
As a member of a unit or organization large enough WARNING
to have a maintenance crew, you may serve as a member
of the crew. As a crew member, you will perform Dry-cleaning solvent, P-D-680, type I, is

organizational preventive maintenance functions on the flammable and moderately toxic to the skin and
generator set periodically according to the  eyes. Respiratory and eye protection are
manufacture’s specifications or to service maintenance  required.

manuals.

Remove any dust, dirt, or sand from inside the
To prevent buildup of contaminants that may cause generator set with a damp, lint-free cloth.

damage to the operating components or systems of the
generator set, you should clean the set periodically. : :
Cleaning operations must be performed only Orland remove any corrosion from t_he battery terminals,
generator sets that are not operating, that are connectefPleS: and hold-down with a wire brush. Clean the
to a parallel bus, or that are connected in a standbyattery filler cap vent holes.
mode. To clean the generator set, heed the warnings and Clean the instrument faces with a clean, lint-free
cautions given, and proceed as follows: cloth.

Disconnect the battery cables (negative cable first)
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CHAPTER 4

POWER DISTRIBUTION

A power distribution system includes all parts of an of 10 feet must be maintained between the equipment
electrical system between the power source and thend the energized power circuits at all times. The
customer’s service entrance. It includes the use ofquipment must be maintained in first-class mechanical
overhead and underground transmission methods andondition. SAFETY FIRST must be the primary goal.
the equipment required for the control and protection of
the system and personal. The power source may bERSONNEL SAFETY
either a local generating plant or a high-voltage
transmission line feeding a substation that reduces the, o " gistribution lines, you should observe the
high voltage to a voltage suitable for local distribution. : e

. following safety precautions:
At most advanced bases the source of power will be

generators connected directly to the load. e Ensure that all hot-line equipment is routinely

_ ] _ ) tested according to the manufacturer’'s specifications
This chapter will be mainly concerned with the pefore use.

overhead distribution system. Generally speaking, an

overhead distribution system can usually be installed e Ensure that all hot-line equipment, including
and maintained more efficiently than an underground rubber gloves, is stored in appropriate containers to
system. Also, for equivalent conductor size, an provide the required physical protection.

overhead system has higher current capacity and offers _
greater flexibility with regard to changes. e Perform air leak tests on rubber gloves before

. _ _ each use.
In this chapter you will learn about line work safety,

pole climbing, and the tools and equipment a lineman  ® Never use rubber gloves without the leather
uses. You will learn the basics in constructing and outer protectors.

maintaining a power distribution system as well as the
component parts of the system.

To ensure the SAFETY of all personnel working on

e Ensure that the hard hats of crew members are
rated to withstand 20,000 Vac and that no metal devices

are or have been attached to them.
SAFETY IN POWER

DISTRIBUTION e All members of the line crew must be trained in
the application of the first-aid techniques required to

The topic of safety that is covered in this chapter is treat victims of electrical shock.

the most important. The potential for an accident is
constantly present during construction and e Ensure that no individual is ever allowed to work

maintenance operations but is much greater when crevalone or near circuits or devices conducting electrical
members are working on power distribution systems. energy over 30 Vac.

The presence of HIGH VOLTAGE in your work
area increases your need for heightened awareness % D

the potential for serious injury or death that may be
caused by carelessness and the necessity to take e Install ground sets between the electrical source

e Tag and lock out all circuits that are de-energized
erform work.

precautions to ensure the safety of all personnel. and your work on all de-energized circuits when the
disconnecting means is not in sight or when the
EQUIPMENT REQUIREMENTS potential for contact between the de-energized circuit

_ and an energized circuit is present.
Cranes, earth augers, bucket trucks, and line trucks

with booms that are capable of contacting HIGH- e Maintain a minimum of 3-foot clearance
VOLTAGE lines because of their height capabilities between personnel and any live power circuit or device
must be operated with cautio® minimum separation ~ conducting between 600 and 20,000 Vac. Higher
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voltages require an increased separation of personnel The classification of wooden poles is determined by
and energized circuits. the length, circumference at the top, and circumference
) measured 6 feet from the butt end. Pole sizes begin at 20
~Many other safety procedures are required on thefeet and are increased in 5-foot increments up to 90 feet
job—too many to list hereThe Lineman's and in |ength. Pole-top circumference increases 2 inches for
Cableman’s Handbookhe Electrical Transmission  every class from Class 7 to Class 1. The Navy, however,
and Distibution Safety ManuaNAVFAC P-1060, and  does not normally order poles smaller than Class 5.
Occupational Safety and Health Administration : . .
instructions are a few references you need to read tq,_. ~merican National Standard, ANSI 05.1, entitied
Specifications and Dimensions for Wood Poles

learn more about job safety. provides technical data for wood utility poles.
POLE GUYS

POWER LINE COMPONENTS When constructing power lines, you will need a
_ _ _ means of strengthening poles and keeping them in
Power line components are th_e dlff_erent items Us_edposition. To accomplish this, you can use guys,
to construct a power distribution line. The basic gnchors, and braces. Anchors are buried in the ground,
components of a power line are poles, guys, crossarmsgng guy wires are connected to the anchors and attached
insulators, and conductors. to the pole, or a push brace may be usBoe guys and
braces are used to counter the horizontal strain on the
pole caused by conductors, pole-line components, and
POLES abnormal loads, such as snow, sleet, or wind.

Anchors
The three types of poles used most frequently in
pole-line construction are wood, concrete, and steel.  Anchors are designed to meet specific soll
You will find all three types of poles in the field, but conditions. You must know the type of soil before you
most of your work will be with the wooden type. can select a certain type of anchdknchors come in
many forms and have different methods of installation.
All wooden poles used for line work are chemically Figure 4-1 shows the most common types of anchors.
treated to resist damage caused by insects and rottingThe expanding anchor, the most popular type, as shown
Many of the older poles now in use were treated within figure 4-1, view A, is designed to be placed in the
creosote. Most new poles are treated with less toxicground and then expanded with the aid of the tamping
chemicals and are therefore safer to work with. bar. Once expanded, the anchor is secure and strong
enough to secure the guy. Figure 4-1, view B, shows a
plate of a never-creep anchor, and view C shows a screw
anchor that is installed using an earth auger. These three
WARNING types of anchors are manufactured and are commonly
used because of their ease of installation.

Another type of anchor that is shown in figure 4-1,
Creosote is a toxic compound that irritates view D, is called a deadmaiihis anchor is made of a 6-
the skin and sometimes causes blistering. You  to 8-foot-long piece of treated power pole and an anchor
should use extra care when working around  rod. Itis installed 6 feet deep in loose or sandy type of
poles treated with creosote to prevent contact  soil, with an angle of pull for the guy wire and rod
between these poles and the bare skin. assembly equal to 45 degrees. The deadman is not
widely used today because of the time and effort

required to place it.
The supply of wood poles available for use in

constructing electric power lines has decreased imAnchor Rods

recent years. Substitute materials, such as concrete,

aluminum, fiber glass and laminated and composite ~ The anchor rod serves as the connecting link
wood poles, are now being used. between the anchor and the guy cable. The rod must
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Figure 4-1.—Anchors.

have an ultimate strength equal to, or greater than, thatuys
required by the down-guy assembly. Anchor rods vary

in diameter from 1/2 to 1 1/4 inches and in length from A guy is a brace or cable fastened to the pole to
31/2 to 12 feet. strengthen it and keep it in position. Guys are used
whenever the wires tend to pull the pole out of its
normal position and to sustain the line during the
abnormal loads caused by sleet, wind, and cold. Guys
counteract the unbalanced force imposed on the poles
by dead-ending conductors; by changing conductor
The wire, or cable, normally used in a down guy is size, types, anq tensions, or by angles in the
’ i _ transmission or distribution line. The guy should be
seven-stranded galvanized steel wire or seven-strandegysidered as counteracting the horizontal component

alumoweld wire.Alumoweld wire consists of steel wire of the force with the pole or supporting structure as a
strands coated with a layer of aluminum to preventstrut resisting the vertical component of the forces.

corrosion. Guy wire is used in various sizes with DOWN GUY.—A "down guy" consists of a wire
diameters from 1/8 to 1 3/4 inches. running from the attachment near the top of the pole to

Guy Wire
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Figure 4-3.—Dead-end guy.
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the rod and anchor installed in the ground (fig. 4-2).
This type of guy is preferable if field conditions permit
its installation since it transfers the unbalanced force on
a pole or structure to the earth without intermediate
supports.

A down guy used at the ends of pole lines to
counterbalance the pull of the line conductors is called a
"terminal guy" or a "dead-end guy" (fig. 4-3). All
corners in the line are considered as dead ends. They
should be guyed the same as terminal poles, except that
there will be two guys, one for the pull of the conductor
in each direction (fig. 4-4). oenP102

SIDE GUY.—When the line makes an angle, a side Figure 4-5.—Side guy.
pull is produced on the pole. Side guys should be
installed to balance the side pull (fig. 4-5). When a
branch line takes off from the main line, an unbalanced
side pull is produced. A side guy should be placed on the
pole directly opposite to the pull of the branch line.

SIDE GUY

intervals in transmission lines that extend long
distances in one direction to protect the line from

T

excessive damage as a result of broken conductors:
Guys installed to protect the facilities and limit the
damage if a conductor breaks are called "line guys" or
"storm guys" (fig. 4-6).

SIDEWALK GUY. —An anchor guy with a
horizontal strut at a height above the sidewalk to clear
the pedestrians on the sidewalk is referred to as a Figure 4-6.—Storm guy.
"sidewalk guy" (fig. 4-7).

STORM GUY.—Guys are installed at regular %

STORM GUY

SPAN GUY—A span, or overhead, guy consists of extend from the strain pole to the same or lower level on

a guy wire installed from the top of a pole to the top of an the next line pole.
adjacent pole to remove the strain from the line
conductors. The span, or overhead, guy transfers th
strain on a pole to another structure. This may be to
another line pole or to a stub pole on which there is no =
energizer equipment. A span guy is always installed to

HHR

/sunewm(

HEAD GUY.—A guy wire running from the top of
& pole to a point below the top of the adjacent pole is

0BNP10t CORNER GUY SIDEWALK GUY
Figure 4-4.—Corner guy. Figure 4-7.—Sidewalk guy.
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Figure 4-9.—Arm guy. zu=us
Figure 4-11 .-Push guy.

called a "head guy" (fig. 4-8). Lines on steep hills are

normally constructed with head guys to counteract theOften installed to obtain adequate clearance for guy
downhill strain of the line wires extending across streets or highways.

ARM GUY.—A guy wire running from one side of PUSH GUY —A push guy, or a push brace, is used
a crossarm to the next pole is called an "arm guy." Arm When it is impossible to use down guys (fig. 4-11).
guys are used to counteract the forces on crossarms th orh:npglla?gl]rlgfotsrls;b;istﬁ g?;ig‘ (:Szrrflflglsiglggbh;ﬂégﬁé ’
hahve r?ore wires dead-ended on one side than on th‘la'he push guy is constructed from an old power pole and
other (fig. 4-9). a special bracket called a push brace attachment.
STUB GUY.—A guy wire installed between a line CROSSARMS
pole and a stub pole on which there is no energized

equipment is called a "stub guy" (fig. 4-10). A down A crossarm is a specially treated wooden member
guy is used to secure the stub pole. This type of guy isthat is secured to a pole and used to mount various types

Insulator

Insulators not
necessary in anchor

guy unless exposed
to other lines

Figure 4-10.—Stub guy.
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Figure 4-12.—Crossarm.

of circuit protection devices and to support the crossarms are installed, every other crossarm faces in

conductors. The crossarms used in power distributionthe same direction.

come in three common sizes; namely, 3 1/4 inches by

4 1/4 inches, 3 1/2 inches by 4 1/2 inches, and 3 3/4ADOUBLE ARMS

inches by 4 3/4 inches. The spacing for insulators on the

crossarms, as shown in figure 4-12, meets the minimum A double arm should be used at line terminals, at

standards for conductors at all distribution voltagescorners, at angles, or at other points when there is an

used by the Navy. In your naval service you may comeexcessive strain (fig. 4-14). When lines cross telephone

across larger wooden crossarms or crossarms made @éifrcuits or railroad crossings, double arms also should

steel. These crossarms are designed to suppoke used, as more than ordinary safety is required at such

increased strain or to use with transmission linespoints. When two or more transformers are mounted on

carrying higher voltages. the same pole, double arms, as a rule, are used for their
support.

SINGLE ARMS

Single arms are used on straight lines when no
excessive strain needs to be provided (fig. 4-13). When

O6NP111
Figure 4-14.—Double-arm construction.

08NP110
Figure 4-13.—Single-arm construction.
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Figure 4-17.—Standard flat-strap crossarm brace.

BUCK ARMS

Buck arms are used at comers and at points when
branch circuits are taken off at right angles to the main
line (fig. 4-15).

SIDE ARMS

Side arms are used in alleys or other locations when
it is necessary to clear buildings. (See fig. 4-16.)

CROSSARM BRACES

Figure 4-15.—Buck-arm construction.

Braces are used to give strength and rigidity to the
crossarm.Metal crossarm braces are made of either flat
bar or light angle iron. The size used varies with the
size of the arm and the weight of the conductors. The
usual flat-strap brace for ordinary distribution work
(fig. 4-17) is 38 inches long and 1/4 by 1 1/4 inches. One
end is attached to the crossarm by means of a carriage
bolt and the other to the pole by means of a lag screw.

DENP115

Figure 4-18.—A V-shaped angle-iron crossarm brace.

Figure 4-16.—Side-arm construction.
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Figure 4-19.—Crossarm brace installation.
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One brace extends to each side of the arm. Angle-ironINSULATORS

braces are made in one piece and bent into the shape of & A insulator is a material that prevents the flow of
V, as shown in figure 4-18. These braces are fitted to thean electric current and can be used to support electrical
bottom of the crossarm instead of the side as is the flaconductors. The function of an insulator is to separate
type. Figure 4-19 gives an example of how these braceghe line conductors from the pole. Insulators are
are used. fabricated from porcelain, glass, and fiber glass, treated
with epoxy resins and rubberlike compounds. In
HARDWARE determining the size and type you need, you should
Line hardware consists of the miscellaneous bolts,consider the designed voltage of the circuit, conductor
nuts, braces, and clamps used to fasten crossarms, guysize, length of the pole-line spans, and cost of the
and other equipment to the pole. Figure 4-20 showsvarious insulators. The most common types of
some samples of common hardware used in poweinsulators found in Navy use are the pin, post,

distribution. suspension, and strain insulators.
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Figure 4-20.—Line hardware.
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06NP118
Figure 4-21.—A single-layer porcelain pin insulator.

Pin Insulator

The pin insulator (fig. 4-21) gets its name from the
fact that it is supported on a pin. The pin holds the
insulator, and the insulator has the conductor tied to it.
Pin insulators are made of either glass or porcelain. The _—
glass msu_lator is always one §0I|d piece. The porcele_un Figure 4-23.—Steel clamp pin.
insulator is also a one-piece insulator when used with
low-voltage lines but will consist of tyv_o. thr_ee. or four wood, concrete, and steel poles. The line-post
layers cemented together to form a rigid unit when usedingjjators are manufactured for vertical or horizontal
on higher voltages (fig. 4-22). mounting. The line-post insulators are usually
Insulator Pins manufactured as one-piece solid porcelain units or fiber
glass epoxy-covered rods with metal end fittings and
rubber weather sheds. The insulators are fabricated with

ins are made of wood or metal. Wooden pins ared mounting base for curved or flat surfaces, and the top
P ) P is designed for tying the conductor to the insulator or

usually made of locust. Locust is durable and retains itSgo 4 with a clamp designed to hold the conductor.
strength longer than other woods. Iron and steel pins ar?ﬁ'l

The function of an insulator pin is to hold the
insulator mounted on it in a vertical position. Insulator

Used whenever the pins must be extra long. because ine-post insulators designed for vertical mounting are
P 9, ounted on crossarms. This type of construction is

high voltage, and whenever the tension on theoften used for long span rural distribution circuits.

conductor is grelat. One ma;Ee ISI arrar;)ggd t?] elgcgclg tlrt]eFigure 4-25 showsdistribution circuits constructed with
crossarm as a clamp pin—the clamp being held by BOS, ,.q|ain horizontal line-post insulators. This armless

lo pormi he Use of 2 13 o a 34 hole 1o be difled n heCCONSHTUCHON, USIng oSt insulators, permits the
P construction of subtransmission and transmission lines
crossarm. on narrow rights-of-way and along city streets.

Steel pins are in general use. Steel pins have a broad
base which rests squarely on the crossarm, as shown in
figure 4-24.

The spacing of the pins is generally suited to the
voltage of the circuit. The spacing should provide
sufficient working space for the lineman. For general
distribution work, the spacing is 14 1/2 inches between
centers.

Post-Type Insulators I

The post insulators are used on distribution,
substation, and transmission lines and are installed on

O6NP11§ 06NP121
Figure 4-22.—A two-layer porcelain pin insulator. Figure 4-24.—Steel pin.
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Figure 4-25.—Post insulators for armless construction.

Suspension Insulator

In figure 4-26 you see the common suspension
insulator. The suspension insulator, as its name implies,
is suspended from the crossarm and has the line
conductor fastened to the lower end. It is designed for
ease of linking units together. Linking of these
insulators gives you the versatility of ordering one opinn
insulator to be used with varying voltages. Figure 4-26.—Suspension insulator.

Strain Insulator .
comers, at sharp curves, at extra long spans, at river

The strain insulator looks exactly like the crossings, or in mountainous country. In such places the
suspension insulator but is designed to hold muchinsulator must not only be a good insulator electrically
heavier physical loads. Strain insulators are used wherbut it also must have sufficient mechanical strength to
a pull must be carried as well as insulation provided.counterbalance the forces due to tension of the line
Such places occur whenever a line is dead-ended, atonductors. (See fig. 4-27.)

06NP124
Figure 4-27.—Strain insulator.
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CONDUCTORS The conductivity of copper-weld conductors can be
, . . ._raised to any desired percentage, depending on the
The wires and cables over which electrical energy is i 1ness of the copper layer. The usual values of

transmitted are made of copper, aluminum, steel, o &, ctivity of wires as manufactured are 30 and 40
combination of copper and steel or aluminum and Stee"percent

A conductor is a material that readily permits the flow of
an electric current. Materials, other than those Classes of Conductors

mentioned, that conduct electricity are not generally - .

used to make wires and cables because of economic or _Conductors are classified as solid or stranded. A

physical reasons. solid conductor is a single conductor of solid circular
section. A stranded conductor is composed of a group
Copper Conductors of small conductors in common contact. A stranded

. _ conductor is used when the solid conductor is too large
Copper is the most commonly used line conductor. 4nq ot flexible enough to be handled readily. Large
It conducts electrical current very readily, ranking next ¢;jid conductors are also easily damaged by bending.

to silver. It is very plentiful in nature, it can be easily The need for mechanical flexibility usually determines
spliced, and its cost is comparatively low. Three kinds \hether a solid or a stranded conductor is used, and the

of copper wire are in use: hard-drawn copper, medium-gegree of flexibility is a function of the total number of

hard-drawn copper, and annealed copper, also calledrands. The strands in the stranded conductor are

soft drawn. usually arranged in concentric layers about a central
core. The smallest number of wires in a stranded

_ For overhead line purposes, hard-drawn COpPer.,nqctor is three. The next number of strands are 7, 19,
wire is preferable on account of its greater strength.37 61 91 127 and so forth. Both copper and
Medium-hard-drawn copper can be used for distribu- 4 inum conductors may be stranded.

tion lines usually for wire sizes smaller than No. 2.
Conductor Sizes

Aluminum Conductors , o
Conductor sizes are ordinarily expressed by two

Aluminum is widely used for distribution and  different numbering methods: the American Wire
transmission line conductors. Its conductivity, however, Gauge (AWG) and the circular mil. The AWG con-
is only about two thirds that of coppegZompared with @ ductor sizes are numbered from 30 to 1, then continuing
copper wire of the same physical size, aluminum wire with 0, 00, 000, and 0000 (or 1/0, 2/0, 3/0, and 4/0,
has 60 percent of the conductivity, 45 percent of therespectively). Number 30 is the smallest size and 4/0
tensile strength, and 33 percent of the weight. Thethe largest in this system. As an example of the actual
aluminum wire must be 100/60 = 1.66 times as large asphysical size of the conductors commonly used in

the copper wire in cross section to have the sameransmission and distribution work, refer to figure 4-28.
conductivity. When an aluminum conductor is

stranded, the central strand is often made of steel that The circular mil is the unit customarily used in

serves to reinforce the cable. Such reinforcement givesqes'gnat'n.q 'the pross-sectlonal area of WIrEsS. A
circular mil" is defined as the area of a circle having a

added strength for the weight of conductor. Reinforceddiameter of 1/1000 of an inch. The circular mils of cross
aluminum cable called ACSR (aluminum-conductor section in a wire are obtained by squaring the diameter

steel-reinforced) is especially suited for long spans. expressed as thousandths of an inch. For example, a
wire with a diameter of 0.102 inches (102 thousandths
of an inch) has a circular mils cross section of
In this type of conductor, a protective copper 102 x 102 = 10,404. Conductors larger than 4/0 AWG
coating is securely welded to the outside of the steelare designated in circular mils. These range from

wire. The copper acts as a protective coating to the steel250,000 to 2,000,000 circular mils (250 MCM or 2,000
wire, thus giving the conductor the same life as if it were MCM).

made of solid copper. At the same time, the layer of
copper greatl_y increases t_he cpnductlwty of the ste_el DISTRIBUTION SYSTEMS
conductor, while the steel gives it greater strength. This

combination produces a satisfactory yet inexpensive A power distribution system is a system that

line conductor.Its chief field of application is for rural ~ delivers the energy from the generators or transmission
lines, for guy wires, and for overhead ground wires.  lines to the customer. In the Seabees you will be mainly

Copperweld Steel Conductors
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Gage number| Diameter, in.| Full size, side view | Full size, end view
8 0.1285 C— 0
7 0.1443 C— o
6 0.162 — O
5 0.1819 — 0]
4 0.2043 1 O
3 0.2294 1 O
2 0.2576 :| O
1 0.2893 (:, O
0 0.3249 : O
00 0.3648 O
000 0.4096 O
0000 0.460 O
O8NP125

Figure 4-28.—American wire sizes for bare copper.

concerned with the construction, maintenance, and
repair of the distribution system. Depending on the
system, it will consist of a combination of the following
components, substations, distribution transformers,
distribution lines, secondary circuits, secondary service
drops, and safety and switching equipment. The
distribution system may be underground, overhead, or a
combination of the two.

DISTRIBUTION SUBSTATIONS

Distribution substations change the transmission or
generator voltage to a lower level, providing voltage
sources for the distribution circuits supplying power to
the customers.

DISTRIBUTION TRANSFORMERS

Distribution transformers are installed in the vicin-
ity of each customer to reduce the voltage of the distri-
bution circuit to a usable voltage, usually 120/240 volts.

DISTRIBUTION CIRCUITS

Distribution circuits (primary main circuits) are
circuits that originate from the distribution substation.
Primary mains are circuits carrying over 600 volts, but
generally they operate between 2,400 and 34,500 volts.
Primaries can be found in single-phase or three-phase
configurations and generally operate as three-phase,
three-wire or three-phase, four-wire circuits. Two types
of primary circuits are in use todapne, the delta type
(A) system, (fig. 4-29) is used when most of the load in

AWMMWW

2400 voits 1
B 4 2400
2400 volts volts
c
Hq¢
<
A
240 volts
B 240
240 voits volts

cmmmmm
08NP128

Figure 4-29.—Three-phase delta (A) primary and secondary system.
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an area is commercial, consisting of motors and othershown in figure 4-31. Whether using the racks with
three-phase equipment. The other type of circuit isindividual conductors or self-supporting service cable,
called the wye (Y) system (fig. 4-30) and is used known as triplex or quadraplex, to provide a service

primarily for residential use. drop, you must maintain a minimum aboveground
distance. Aclearance of 12 feet over lawns or walkways
SECONDARY CIRCUITS accessible to pedestrians and 18 feet over roads or

alleyways subject to truck traffic as recommended by
Secondary circuits (secondary mains) are circuits the NEC®©, as shown in figure 4-32. When the nearest

that originate from the secondary windings of a distribution pole is over 125 feet from the facility to be
distribution transformer and are 600 Vac or less. Theconnected, an intermediate support pole must be

secondary circuits are also configured either delta (A) Provided.
(fig. 4-29) or wye (YY) (fig. 4-30) and are also used for

the same type of loading as the primary circuits.

o . . CONTROL AND PROTECTIVE
Secondary circuits are either three phase—meaning DEVICES

those with three live conductors—or single phase,
which can be one live conductor and a neutral or two A power distribution circuit, like any other

live conductors and a neutral. electrical circuit, requires the use of special devices to
provide control and to protect the system from internal
SERVICE DROPS or external influences that may damage the circuit.

A service drop is the combined conductors used to DISTRIBUTION CUTOUTS
provide an electrical connection between a secondary
distribution circuit and a user's facility. There are A distribution cutout provides a high-voltage
different ways of installing the service drop. Some mounting for the fuse element used to protect the
typical secondary racks used to install service drops aredistribution system or the equipment connected to it.
Three-phase, four-wire grounded-neutral primary system

A
2400 voits 4160 volts 4160 volts
B
2400 voits 4160 voits
C
2400 voits
N "
" T
3 (X2 PX4q
N |
120 voits _-_L_
A y
120 volts 280 volts . 280 volts
B
120 voits 280 voits
¢ Three-phase, four-wire grounded-neutral secondary system Y
08NP127

Figure 4-30.—Three-phase wye (Y) primary and secondary system.
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Figure 4-32.—Minimum ground clearances of service drops
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Figure 4-33 shows an open types of distribution cutout Open-link Distribution Cutout
being closed. Distribution cutouts are used with

installations of transformers, capacitors, cable circuits, ~ This type of cutout differs from the open cutout in

and sectionalizing points on overhead circuits. that it does not use the fiber expulsion tube (fig. 4-34,
view B). The fuse link is supported by spring terminal

contacts. An arc-confining tube surrounds the fusible
Enclosed Distribution Cutout element of the link. During fault clearing, the spring

contacts provide link separation and arc stretching. The

arc-confining tube is incorporated as part of the fuse

An enclosed distribution fuse cutout is one in which link.
the fuse clips and fuse holder are mounted completely o
within an enclosure (fig. 4-34, view A). A typical ©OPen Distribution Cutout
enclosed cutout has a porcelain housing and a hir_lged Open cutouts are similar to the enclosed types
door supporting the fuse hol_der. The fuse hold_er 'S aexcept that the housing is omitted (fig. 4-34, view C).
hollow vulcanized-fiber expulsion tube. The fuse link is

o . The open type is made for 100- or 200-amp operation.
placed inside the tube and connects with the upper an%omepcutozfs can be up rated from 100 to goopamps by
lower line terminals when the door is closed. When the

: using a fuse tube rated for 200-amp operation.
fuse blows or melts because of excessive current

passing through it, the resultant arc attacks the walls of_jghtning Arresters

the fiber tube, producing a gas that blows out the arc.

The melting of the fusible element of some cutouts  Lightning arresters are designed to permit normal
causes the door to drop open, signaling to the linemarcircuit operations at designed voltages, yet conduct any
that the fuse has blown. potentially destructive higher voltage, such as lightning

]
Figure 4-33.—Distribution cutout.
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produces or transient currents, to ground without injury ~ Secondary arresters are used on service and other
to line insulators, transformers, or other connectedlow-voltage alternating-current circuits. Distribution
equipment. Use of lightning arresters is essential in allarresters are used on primary distribution systems to
areas of power line construction. These includeprotect insulators, distribution transformers, and other
distribution, secondary, intermediate, and stationequipment. Intermediate type of lightning arresters are
distribution. The four different specifications of often used on substation exit cables and other locations
arresters, mentioned above, have different sparkoveon the distribution system, needing a high level of
voltages, current discharge capabilities, and maximumlightning and surge protection. Substation types of
surge discharge capabilities. arresters are used in substations and generating stations
to provide a high level of surge protection for the major
pieces of equipment. Surge voltages can be generated
by operating switches in the electric transmission
system as well as by lightning.

Various types of lightning arresters are in use today.
The valve, pellet, and air gap (fig. 4-35) are the most
common and likely-to-be-seen types in the field.

SWITCHES

A switch is used to disconnect or close circuits that
may be energized. High-voltage switches are operated
remotely using a variety of mechanisms or manually.
Depending on their purpose in the system and their
physical makeup, switches are divided into three
general classes: air, oil, and vacuum switches. These
three classes can be further subdivided (depending on
their function) into what is referred to as disconnects,
circuit breakers, or reclosers.

Air Switches

As their name implies, air switches are switches
whose contacts are opened and use air to insulate their
contacts when current flow is interrupted.

GLASS BOOY
B. OPEN-LINK CUTOUT
WISIBLE AR GAP TYPE
WITH ISOLATOR
06NP130 C. OPEN CUTOUT
Figure 4-34.—Distribution cutouts (fused). Figure 4-35.—Types of lightning arresters.
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An air-circuit breaker switch can have both blade
and stationary contacts equipped with arcing horns (fig.
4-36). These horns are pieces of metal between which
the arc forms when a circuit-carrying current is opened.
These arc horns are drawn further and further apart until
the arc finally breaks. Air-break switches are usually
mounted on substation structures or on poles and arg
operated manually from the ground. In a three-phase
circuit all three switches—one for each phase—are )8
opened and closed together.

An air-disconnect switchis not equipped with
arcing horns or other load-break devices. It therefore
cannot be opened while current is flowing (fig. 4-37). If
the disconnect switch should be opened while current is
flowing in the line, an arc would likely be drawn
between the blade and its stationary contacts. The hopenP133
arc would melt part of the metal, thereby damaging the
switch. The purpose of a disconnect switch is to isolate
a line or a piece of equipment for the purpose of making
the disconnected line or equipment dead electrically, Oil Switches

thus making it safe for repairs, tests, or inspections. An oil switch is a high-voltage switch whose
contacts are opened and closed in oil. Oil switches may
be used as disconnect, circuit breakers, or reclosers.
The switch is actually immersed in an oil bath,
contained in a steel tank, as shown in figure 4-38. The
reason for placing high-voltage switches in oil is that the
oil may help to break the circuit when the switch is
opened. With high voltages, a separation of the switch
contacts does not always break the current flow,
because an electric arc forms between the contacts. If
the contacts are opened in oil, however, the oil helps to
guench the arc. Oil is an insulator and, therefore, helps
to quench the arc between the contacts. The three lines
of a three-phase circuit can be opened and closed by a
single oil switch. If the voltage is not extremely high,
the three poles of the switch are generally in the same
tank. But if the voltage of the line is high, the three poles
of the switch are placed in separate containers.

Figure 4-37.—Air-disconnect switch.

Circuit Reclosers

The circuit reclosers most commonly used in power
distribution are electronic reclosers, oil reclosers, or
vacuum reclosers. These reclosers basically operate in
the same manner.

Reclosers come in single- or three-phase models
and can either be pole-mounted or installed in a
substation. These reclosers are for overload protection

[ : R

S =" ="w £ il = =W and are designed to open a circuit in an overload
08NP132 condition and then automatically reclose the circuit. If

Figure 4-36.—Gang-operated air-circuit breaker. the fault on the system has cleared, the recloser remains

closed. If the fault has not cleared, the recloser trips
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Figure 4-38.—Internal and external components of an oil circuit breaker.

again, and after a short interval, recloses the system focapability to accomplish most tasks safely, efficiently,

the second time. If the fault has not cleared on the thirdand quickly.

time, the system will open and stay open. The recloser

also has a manual lever or electronic control to set theapr|aL BUCKET TRUCK

recloser on what is commonly referred to as "single-

shot" action. When linemen are working in the general  The aerial bucket truck comes in various shapes and

area of a circuit, they place the recloser in the single-gjzes. |t is used at most naval installations or battalions

shot mode. Then should a mistake be made, causing thgr maintenance or construction of the power

circuit to trip, it will not reset itself automatically. distribution system. The aerial bucket truck provides
the power lineman with an efficient, comfortable, and

safe working platform and is especially useful in areas
POWER DISTRIBUTION where concrete or steel poles are used.

EQUIPMENT The aerial bucket truck has storage bins for material
The equipment most commonly used for and tools. Depending on the make of the vehicle and the
construction and maintenance of Navy powerdESifEd use, the truck may have a telescoping single- or
distribution systems consists of the utility truck, aerial double-arm boom, it may be equipped with hydraulic
bucket truck, earth auger, pole trailer, wire trailer, and outrigger jacks for stability, and the bucket may be

various manual lifting devices. powered by the truck engine or an auxiliary engine
mounted on the back of the truck. Because of the
UTILITY TRUCK various designs of bucket trucks, each one will have

some capabilities that are not common to all. When

The utility truck is a specially designed piece of using an aerial bucket truck, you should follow the
equipment that, used effectively, provides the lineman manufacturer’s operation, maintenance, and testing
with transportation, tool and material storage, and theprocedures at all times. This promotes smooth
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operation and extends the usable life of the vehicle.the line equipment, and making connections on the
When you are operating the bucket, safety of operationpoles.

should be your prime concern. Although the bucket is

insulated, all personnel should maintain a constantMANUAL LIFTING EQUIPMENT

awareness of the hazards of operating in and around

high-voltage power lines. There are many different types of manual lifting
equipment used in line work. Some of the various types
EARTH AUGER and uses of manual lifting equipment are discussed in

the paragraphs below.

Another high-production piece of line equipment is .
the earth auger. This truck-mounted unit, as shown in"0l€ Gin
figure 4-39, is designed to dig holes up to 7 feet deep and
comes with different sizes of auger bits to enable you to
vary the diameter of the hole. The auger truck usually
has a winch attached that enables it to be used to s lock and tack| d in lifting h bi f
poles and other attachments that allow it to install some ock and tackle used in lifting heavy objects, for

types of guying anchors. These features are normallymountIng on the pole. Transformers, capacitors,

used when a framing crew is assigned with the auge(egulators, heavy lighting fixtures, and h_eavy crossarms
truck. They install all line hardware on the pole before are a few examples of the types of equipment that may

they set it in place (except when the hardware is toobe lifted by using the pole gin.

heavy) and place the anchors. This method is used When you are lifting a distribution transformer, it
when long power lines are being constructed. Itshould be handled carefully. Bushings and other
requires less pole time for the linemen and enables themequipment on the transformer can be damaged easily.
to devote more time to stringing conductors, installing The windings of the transformer may be damaged if the

The pole gin, as shown in figure 4-40, is designed
for temporary attachment to a pole. It provides a secure
oint for attaching other lifting equipment, such as a

l

Figure 4-39.—Earth auger.

4-20



O6NP177

Figure 4-40.—Pole gin.

transformer is dropped or severely jolted. The lifting determined by the number of ropes (four), not counting
equipment, including the slings, should be carefully the hauling line running from the movable block.
inspected before the operation is started. The IinemenL.ft. St 4 Sli
and groundmen should stay clear, while the transformer ing Straps and slings
is raised into position. Appropriate personal protective ~ Whether lifting with the block and tackle or a
equipment must be worn at all times. winch, you will also need lifting straps or slings to se-
cure the equipment being lifted to the lifting apparatus.
Block and Tackle

Block and tackle are used for applying tension to
line conductors when sagging in, for applying tension to
guy wires when hoisting transformers, and for other
general-purpose hoisting. The use of block and tackle
has two advantages: (1) the user can stand on the ground
and pull downward while hoisting or lifting a load and
(2) the manual force applied need only be a fractional
part of the load lifted.

To find the pull required to lift a given weight with a
block and tackle, divide the weight by the number of
ropes running from the movable block. The lead line, or
haul line, is not to be counted. Some friction loss always
occurs around the sheaves. This can be estimated at 10
percent per sheave and added to the load to be lifted.
The load that may be lifted is therefore the mechanical
advantage times the safe load on the rope. Safe lifting
load requirements for rope can be found in chapter 3.
The block and tackle, as shown in figure 4-41, is called a
four part block and tackle because it has four times the
mechanical advantage for lifting an object. Again this is

0BNP135
Figure 4-41.—Block and tackle.
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Figure 4-42 shows examples of a lifting strap and a
chain. For a detailed explanation of uses, strengths, and
various types of lifting straps and slings, refer back to

chapter 3.

Snatch Block

A snatch block (fig. 4-43) is a single sheave block
made so that the shell opens on the side at the base of the
hook to permit a rope or line to be slipped over a sheave
without threading the end of it through the block.
Snatch blocks ordinarily are used when it is necessary to

i i i WITH SWIVEL SHACKLE WITH SWIVEL HOOK  REAR VIEW-SHOWING
change the direction of the pull on a line. O o Fex
. 0ONP137
Handline

Figure 4-43.—Top dead-end snatch block.

While working on a power pole, every lineman
should carry a handline. It can be used for lifting or
lowering smaller objects and also for holding pgje jack
transformers and other equipment away from the pole
as |t iS being raiSEd. The handline iS Usua”y made Of Another manua| ||ft|ng device is the po|e jack’ as
1/2-inch manila rope, approximately 30 to 35 feet long, shown in figure 4-45. It is designed for easy attachment
and has a manufactured or self-made metal hookyq removal from the pole and provides an unpowered

attached to one end. The handline is personalhechanical lift that is used to straighten or remove
equipment and can be configured to best suit theyower poles.

individual or the job to be accomplished.

Pulley Line ? 3

The pulley line, as shown in figure 4-44, is another &
lifting tool and is used to replace the handline when
large quantities of material must be lifted to the top of
the pole. When the pulley line is used in this way, the
lineman can continue working, while the materials are
being supplied by the groundman.

NYLON LIFTING STRAP

)
<+
—>

LOCKING DEVICE

2)
2
©
C LIFTING CHAIN
O8NP 136 06NP138
Figure 4-42.—Lifting strap and chain. Figure 4-44.—Pulley line.
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Come-along

The come-along, a pulling tool, is normally used for
dead-ending line conductors or installing guy wires
(fig. 4-46). It is designed with a ratchet action that can
be used to pull or release strain by placing the forward or
reverse lever in the desired setting.

Grips

The wire grips, as shown in figure 4-47, view A, are
engineered to grip the wire and hold it when pulling or
slow release is desired. It is used in the sagging
operation and also in applying strain to the guy wire
during installation. Different designs of wire grips are
used, and you should ensure that you have the right one
before you attempt to pull with them.

A grip that is similar to the wire grip is called the
bulldog grip. This grip, as shown in figure 4-47, view B,
is made for pulling large objects, such as ground rods.
When pulling conductors, do not use this grip; it will
cause damage that cannot be repaired.

SETTING POLES AND INSTALLING
HARDWARE AND CONDUCTORS

Constructing a pole line involves such functions as
framing; setting poles; and installing crossarms,
hardware, and conductors. The paragraphs that follo

|
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0BNP130
Figure 4-45.—Pole jack.
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COME-ALONG
ATTACHED BETWEEN
STRAND GRIPS

O6NP140
Figure 4-46.—Come-along.

Wwill cover these elements of work and give you a better
M/T\’\ understanding of how the construction is accomplished.
|

FRAMING POLES

Framing a pole consists of the following actions:
determining the face and back of the pole, cutting the
roof and gain, and drilling holes for mounting hardware.

A. WIRE GRIPS 8. BULLDOG GRIPS

Figure 4-47.—Girips.



Figure 4-48 shows that the face of any pole is on thethe gain and the place to drill the hole. The nominal size
inside of any curve the pole may have. This allows thehole is 1 1/16 inch for a 5/8-inch through bolt.
wire strain on the crossarm to be against the curve of the
pole. This also dictates positioning of the gain on the“\lST'A‘LL”\IG POLES
face of the pole, except for gains on comer poles, when  The depth for a pole hole depends on the length of
lower crossarms are mounted at a 90-degree angle to théhe pole and the composition of the soil. A hole in firm,
main distribution line. rocky terrain does not need to be as deep as a hole in soft

' . . soil. Table 4-1 gives recommended depths for poles
The roof or top of the pole (fig. 4-48) is cut sloping from 20 to 60 fegt long in firm soil and in I?ock. P

at a 15-degree angle from the face to the back of the
pole; however, on the new pressure-treated poles, roofs A pole set in sandy or swampy soil must be
are not required. supported by guys or braces, or by cribbih@ribbing"

A gain should be one-half inch deep in the center, means placing some firm material around the part of the

. . pole that is below the groun@ne method of cribbing is
ff:leght(l)xlleco'lrll’?g\\//\?ia?hn((j)fl?ﬁstegir}zsﬁlr:)(ijlfllgsbg?[hmetrl:it?ﬂrt) glfto sink an open-bottom barrel in the hole, set up the pole
poie. g g in the barrel, and then fill the space around the base of

Ejheepg;\%isgrrlr?h?v%elt:;g%}‘ tShpealfrllr;:% f[); Egcégﬁgangngfﬁggwe pole with concrete or small stones after the pole has
level. This information is contained in the project m%?r?og lgfrgﬁggin(birg gﬁg\}v;?ntgeurveez':gl)' Another
specifications and drawings for any new work for which g g '
you are tasked. There may be a power-driven hole digger available,

. : but in the absence of one of these, the holes must be dug
(empiate that can be.used fo mark the center, or dray. 1214 1001 (. 4-50). You use a “digging bar” 0
twop diagonal pencil lines across the gai’n TheVYoosen the soil. You can remove about the first 2 feet of
intersection of these two lines determines the center oﬁ)eopstgnvf[/gg ga?tno\:&}t?]agglzcz;rf#%\aeg;éngrIOI\(I)Vng}ﬂgn)é?gd
shovel, and haul it up with a long-handled device, called

a spoon.

A hole should have a diameter about 6 inches larger
than that of the base of the pole to allow room for
tamping backfill. It should be a little larger at the
bottom to allow for plumbing the pole.

ERECTING POLES

When a earth auger is available, the job of erecting
poles is relatively simple. A sling is placed around the
approximate midpoint of the pole, and the winch heaves
it up, and it is held in place by a pole claw (fig. 4-51).

Table 4-1.—Depth for Setting Poles in Soil or Rock
LENGTH SETTING DEPTH
OF POLE (ft)

(®) INSOIL | _INROCK
20 5.0 3.0
25 5.5 3.5
30 55 4.0
35 6.0 4.0
40 6.0 4.0
45 6.5 4.5
3 50 7.0 4.5
X R 55 7.5 5.0
08NP142 60 6.0 5.0

Figure 4-48.—The parts of a pole.

06NPI43
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Figure 4-49.—Cribbing a pole with stones and a log.
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Figure 4-50.—Digging tools.

The truck then proceeds to the hole or is pre-positioned
at the hole site, and the base of the pole is guided in as
the winch lowers away (fig. 4-52). Since the butt, or
base, is heavier than the top end, the pole is raised to an
almost vertical position.

In the absence of this equipment, the pole must be
"piked up"—meaning that the pole is placed with the
base adjacent to the hole and the upper end supported on
either a "mule” or a "jenny." A jenny is a wooden
support made in the form of an X, and a mule is a
wooden support made in the form of a Y. The upper end

i L . TR
¥, a \ -_ o i
b .. -
B h, e
» - o

Figure 4-51.—Pole positioning before being set.
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Figure 4-52.—Auger truck setting a pole.

is then "piked" into the air by crew members using pike
poles. A cant hook (peavy), pike pole, and pole support i i
(mule) are shown in figure 4-53. Figure 4-54 shows the

proper way to position a pole manually for erection. a3
The procedure for piking up a pole is shown in
figure 4-55. The "butt man" holds and guides the butt of /
the pole with a cant hook (or peavy) (fig. 4-53). This is a
handle with a hook designed to grasp the pole when
pressure is applied to the handkes the upper end of the / \
pole is raised, a crew member keeps the jenny or mule in POLE SUPPORT
approximate contact by moving it toward the butt. The s
"butt board" is a length of plank set in the hole and long
enough to protrude above the surface. It prevents the Figure 4-53.—Pole tools.
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Figure 4-54.—Manually positioning a pole.

butt of the pole from sliding past the hole and also "faced"—meaning that it is rotated with the cant hook to
prevents the butt from caving in the side of the hole. bring the crossarm gain to proper position. On a straight
After the pole has reached an upright position, it is line it is the custom to set adjacent poles with crossarms

RAISER PICKER GUIDE PICKER
Q @
JENNY HOLE
BUTT
BOARD
. ] .
m:'—— ———— —————— —i_;"
a U
BUTT
. MAN
@ (J
£ (U GuiDe PICKER
RAISER PICKER
O06NP147

Figure 4-55.—Piking up a pole.
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Figure 4-56.—Poles facing in a straight line.

After the pole has been plumbed, the hole is
backfilled and the backfill tamped down firmly.
Backfilling is done gradually, in shallow layers, with
each layer thoroughly tamped down. Usually two or
three crew members tamp, and one shovels. When the
hole has been filled to the ground line with tamped
backfill, the remaining excavatesbil is banked in a
mound around the base of tipele to allow for

subsequent settling (fig. 4-58).

facing in opposite directions, as shown in figure 4-56.
This procedure, called facing "gain to gain" or "back to
back," provides for maximum strength in the line.

Poles are always faced in the direction of hills,
curves, and dead ends, as shown in figure 4-57. This is
done to allow the most strain to be placed on the face and
against the curve of the poles.

After the pole has been faced, it must be plumbed
vertical. This is done by four pikers on four sides of the
pole, acting on signals given by one crew member who
sights along the line and another who sights from one
side. In some cases, a small amount of rake or lean

WARNING

As a pole is being raised, it is safest to
assume that at any moment something may slip
or break Stand as far away from the pole as
possible if you are not in the raising crew.

The pike-pole method of setting poles
should not be used unless there are enough
crew members to do the work safely. In using
pikes the crew must stand far enough apart so

(approximately 12 inches) is left to allow for a wire
strain or the normal give of a guy.

CURVES AND CORNERS - FACING TOWARD CENTER OF
ANGLE ON BOTH SIDES

UPHILL ——>»

1 - r 1

®

O o

STEEP GRADES - FACING GRADE

(@)

O

L - L] L

DEAD ENDS - LAST FEW POLES SHOULD FACE DEAD END

0BNP149
Figure 4-57.—Pole facing.
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that they will not interfere with each other.
Never brace a pike pole on your stomafftthe
pole should happen to shift your way, you
would not be able to get clear. Unmanned pikes
alone should not be relied upon to support a
pole, while a crew member is on it. Pike-pole
tops should be kept covered at all times except
when actually in use.

Crew members should not be on poles,
while they are being plumbed, canted, or
tamped.

INSTALLING GUYS

Guys are assembled using seven-strand galvanized
steel guy wire, a strain insulator (of a different design
from and not to be confused with the strain insulator
used for dead ending a conductor), and three bolt
clamps or preformed guy grips. The dimensioning of
the guy is determined by the height of the pole, by the
amount of strain to be counteracted, and by the climate
when the guy is installed. Figure 4-59 shows a typical
guy and the method of attaching the come-along for
tensioning the guy.

INSTALLING CROSSARMS

As previously discussed in this chapter, crossarms
come in various sizes and types, depending on the type
of system, size and number of conductors, and voltage
of the system.



Figure 4-58.—Tamping and backfilling erected pole.

CHAIN HOIST
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BLOCK AND TACKLE
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STRAND GRIPS
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O8NP150
Figure 4-59.—Pulling guys to anchor utility pole.
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4 Pin (Single hitch)

Transmission Am

This hitch is put on close to end of arm so that the lineman does
not have to hold the weight of the arm any longer than necessary.
After he removes the top hitch, the groundman pulls the arm up the
rest of the way.

0BNP152
Figure 4-60.—Crossarm, showing proper way to attach a handline.

On most pole-line construction, the installation of Braces are usually fastened to a crossarm with
hardware and crossarms is accomplished on the ground/8-inch by 4-inch carriage bolts. Each brace comes
before setting the pole. This is the easiest and mostlown diagonally and is attached to the pole at the lower
efficient method; however, sometimes it is necessary toend with a 1/2-inch lag screw.
upgrade or build on to an existing system, and then the
arm must be installed on a pole that is already standing.

When the crossarm is mounted on the pole before
the pole is set, the through bolt is tightened, but the
crossarm braces are left hanging looSece the pole is
set, the crossarm is leveled and the braces are secured to
the pole. Finally, the through bolt is drawn completely
tight.

When the crossarm is mounted after the pole is set,
it is pulled up to a lineman in a working position by a
helper on the ground, using a handline attached, as
shown in figure 4-60. With the handline attached in this
fashion, the lineman can, after he inserts the through
bolt, cast off the upper half-hitch, and the helper on the
ground can then heave the crossarm level.

06NP152
Figure 4-61.—Dead-end secondary rack.

4-30



On a straight line without excessive strains,
crossarms are used singly-mounted face-to-face or
back-to-back, as previously mentioned. At line
terminals, corners, angles, or other points of excessive
strain, crossarms are doubled. When a power line
crosses a railroad or a telephone line, crossarms should
also be doubled.

When double arms are used, they are fastened
together at the ends with double-arm bo@se of these
is threaded all the way and has two square washers and
two nuts on each bolt between the arnifie lineman
can adjust the spacing between a pair of crossarms by
setting these nuts the desired distance apart on the
threaded bolts.

INSTALLING SECONDARY RACKS

Secondary conductors may be strung on crossarms
but are usually put on secondary "racks." These racks
are made in sizes to accommodate two, three, or four
conductors. A secondary rack is mounted on the side of
a pole (for a straight run) or on the inside of a pole (for a
dead end). A rack is fastened to the pole with lag bolts
on a straight line with a through bolt at the top and a lag
screw at the bottom, or with through bolts with nuts for a
dead end or when a branch line takes off from the
main line. A dead-end secondary rack is shown in
figure 4-61.

Insulators are held to a rack by a rod passing
through the insulators and brackets on the rack, as
shown in figure 4-610n a straight line or inside angle,
the conductor is run on the inside of the insulafn an
outside angle, it is run on the outside. The conductor is
always placed here with strain against the insulator.
Figure 4-62 shows rack arrangements at comers and
angles.

INSTALLING CONDUCTORS
There are various ways of stringing conductors.

You may place the wire reels on a truck or on a wire
trailer and drive along the right-of-way unreeling the
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Figure 4-62.—Rack arrangements at corners and angles.
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Figure 4-63.—Wire trailer with nylon rope used to pull conductor through blocks.

wire, or you may use the running block or over-the- of turns are taken with the other end around the winch
crossarm methods. Figure 4-63 shows the runningdrum on the line truck. The drum is then rotated to haul

block method. in the rope and the wires with it. As each wire passes a
crossarm, a lineman must climb the pole to set the wire
Mounting the Reels in proper position and guard against twisting.

To keep a paying-out reel from revolving too fast,

No matter how you string the wire, you will have to set a brake or drag against the reel. This can be simply a
mount the reels on some support that allows them t20@rd, held against the outer edge of the reel by a
revolve freely. This is usually done by raising a reel on N€PEr. As a wire or wires are being pulled, enough crew
reel jacks, as shown in figure 4-6A metal rod strong
enough to support the reel is put through the hole in the
center, and the rod and reel are jacked up on each side
with the leg of the T-base away from the reel, as shown.
You may have to fasten down the bases of the jacks to
keep the strain from upsetting the reel. When you are
jacking up, it is necessary only to raise the reel just clear
of the deck.

When you are stringing wire in rough terrain, the
best method is to anchor a reel to the ground at the end of
the line by means of guys run to driven stakes. Then run
a rope line over the crossarms or through running blocks
mounted on the crossarms for a distance of 1,000 to
1,500 feet. This is accomplished by a lineman climbing
each pole and placing the rope in place.

DBNP1556

After the rope has been strung over the crossarms, _ _
one end is secured to the wires to be pulled, and a couple Figure 4-64.—Cable reel on reel jacks.

4-32



members must be stationed along the way to establish a When you are pulling two or more wires at once, it
chain of signal communication from the head of the line is best to use the equalizer, as shown in figure 4-65. This
back to the line truck. device distributes the strain equally on all the wires.

Measuring the Sag

Placing the Neutral Conductor When wires have been pulled to approximately the

desired sag, a lineman goes to the center span to
measure the sag. Measurement at the center of each

center crossarm pin or on a pole-top pin. Butting the span ensures uniformity. Three common ways of
- : measuring sag are by dynamometer, by timing
neutral on a center pole pin gives the lineman a Clearvibration and by the use of targets
space around the pole to climb through; that is, it ' y gets.
ensures that the hot wires are a considerable distance DYNAMOMETER. —Alever-cam dynamometer
apart. is an instrument that is installed in the pulling line and
that measures the strain of the pull. It is used in
conjunction with a chart that gives the desired pull
Pulling In tension for a given conductor size, span length, and
temperature. A traction dynamometer, also installed in
When the conductors have been hoisted in place orthe pulling line, provides direct readings on the face of
the crossarms and dead-ended on one end, you are readfe dial.

. TIMING VIBRATION. —The timing-vibration
?)rocess is done by striking the wire sharply near one of
the pole supports and by timing with a stopwatch, the
interval that elapses as the impulse from the blow
travels to the next pole and returns. This system is not

A cable grip is a clamp device that grips the wire accurate when wind is swinging the line or when the line
tightly when a strain is applied to the grip. is being worked on in an adjacent span.

A neutral conductor should always be placed on a

with a tackle equipped with cable grips like those shown
in figure 4-65 or individually, using a cable grip and a
come-along.

Figure 4-65.—Pulling wires with an equalizer.
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Table 4-2.—Sag Variation with Temperature

L

Sag in inches for span lengths of
No. | Temperature
(awg) | (degreesF) | 100t | 125ft |150ft [175ft [200ft (250 ft
6 30 5.5 8.5 13 18.5
60 8 12 18 24
90 12 17 23.5 30
4 30 5.5 8.5 13 18.5 25 35
60 8 12 18 24 32 42
90 12 17 23.5 30 39 50
2 30 5.5 8.5 13 16.5 20 29
60 8 12 18 22 26 36
90 12 17 23.5 28 33 44
1 30 55| 85 | 13 155 | 28.5 | 24.5
60 8 12 18 21 24 31
a0 12 17 23.5 28 31 39
0 30 5.5 8.5 13 15.5 18 23.5
60 8 12 18 20.5 23 29
90 12 17 23.5 27.5 29.5 36
00 30 5.5 8.5 13 15 17 21
60 8 12 18 20 22 27
90 12 17 23.5 26 28 34
0000 30 5.5 8.5 13 14.5 16 19
60 8 12 18 19 21 24
90 12 17 23.5 25 27 30
0BNP1ST
SPAN = 200
AT30°F T T
AT 60" F 1r
AT 90°F J’ 2z
SIZE 00 WIRE A

Figure 4-66.—Effect of temperature on sag in 200-foot span of 00 wire.
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Figure 4-67.—Adjusting sag.

Figure 4-66 shows the effect of temperature on the
sag in a 200-foot span of 00 wire. You target-measure
sag by nailing slat targets, such as a couple of pieces of
wood lath, at the point on each pole below the conductor
insulator that creates the desired amount of sag. A
lineman then sights from one slat to the other, and the
conductor is hauled up or lowered until its lowest point
is on the line of sight between the slats (fig. 4-67).

After the wires are "sagged in," you allow a rest
period of from 1/2 hour to 4 hours (varying according to
the length of the pull) to let the wires adjust themselves
to the tension in the pull. They will gradually "creep”
until tension in all the spans is equalized. After they
have crept to the final position, you are ready to "tie in."

TYING IN CONDUCTORS
Tie wire fastens the conductor and insulator

TARGETS.—The target-sighting method is a together. Conductors can be tied in various ways, but
simple and accurate means for measuring sag. Théhe ties shown in figure 4-68 are the ones most

desired sag is first determined from table 4-2.

commonly used.

SIDE TIE - SINGLE ARM

NOTE: ENDS OF TIE WIRE SHOULD BE BENT
BACK FIRMLY AGAINST CONDUCTOR TO
PREVENT INTERFERENCE.

RADIO

STEP 1 - HOLD Bt WHILE A1 GOES
TOA2

BEND B1 DOWN SUGHTLY

INSULATOR TIES FOR STRAIGHT

B1 GOESTO B2 TOBI TOB4

TOP TIE - DOUBLE ARM

NOTE: TIES MUST NOT BE REUSED.
ALL TIES FOR WEATHER-RESISTANT CONDUCTORS
TO 8E MADE FROM WEATHER-RESISTANT

Figure 4-68.—Tying in conductors.
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A special reminder—When using an aluminum
conductor, you are required to cover it with armor rod at
each insulator to provide physical protection against
rubbing or pitting caused by the elements. Another
important requirement is the use of ACSR-rated dead-
end shoes, splice connectors, and all other devices that ¥
come in direct contact with an aluminum conductor.
This is to prevent electrolysis that occurs from the
physical contact of dissimilar metals.

06NP162
Figure 4-70.—Pole butt ground, coiled wire type.

In tying in conductors, observe the following

procedures: distribution system when faults occur and aids in the

Always use new, fully annealed wire for ties. Hard- suppression of noise.Grounds are required every
drawn wire is br_|tt|e and cannot be pulled up against the quarter mile on a power distribution line and at every
conductor and insulator. pole when equipment, such as transformers, regulators,

Use the proper size wire. For No. 8 bare, use No. gcapacitors, switches, circuit breakers, and lightning

bare. For No. 6 or No. 4 bare. use No. 6 bare. Use No. 4&Testers, is installed. The maximum resistance of any

bare for a No. 2 conductor. Use No. 2 bare wire for No. distribution ground is 25 ohms, but a lower resistance is
I/O through 4/0 bare conductor. desired.

Use a piece of tie wire that is long enough to make In new construct.iorll a butt ground is placed on the
the complete tie, with enough left over to allow pole before the pole is installed. The butt ground can be
grasping. After the tie is completed, cut off the excess a manufactured plate, as shown in figure 4-69, or a coil
and form a loop, or eye, at the end of any projecting endys pare copper wire, as shown in figure 4-70. On

of the wire. existing distribution lines, a ground rod that is 5/8 inch

: . e i in diameter and 8 feet long is driven at the base of the
conductor to avoid chafing and to limit possibilities of | d tied to th le with a b di
causing interference with radio communications. Hold PO'€ and tied to the pole with a bar€ copper grounding

the tie wire tight against the insulator as you make your conductor and a ground clamp, as shown in figure 4-71.
wraps around the insulator and the conductor wire.

Make positive contact between the wire and

INSTALLING GROUNDS

~ Grounding in the power distribution system is STAPLE UNDER CROSSARM
important. The grounding system protects you and the
\vMOLolNGTO EXTEND
3* BELOW SURFACE
FIRMLY TIGHTEN SAFETY

SCREW. USE SPECIAL
’\7 SOCKET WRENCH

GROUND ROD CLAMP
SCRAPE WIRE GROUND ROD

UNDER CLAMP j
0BNP161 O06NP163

Figure 4-69.—Pole with butt ground plate. Figure 4-71.—Pole ground, ground rod type.
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The ground wire on the pole is covered by molding from easier your work will be. Yet, no matter how good you
the level of earth to a height of 8 feet. become at climbing, the potential for a serious accident
always exists when you work around high voltage. In
On the top of the pole, the grounding conductor is this section you will look at the proper methods of
connected to the cases of all installed equipmentmaintaining equipment, climbing poles, and
lightning arresters, and the primary and secondaryperforming emergency rescue from the pole and aerial
neutrals of the distribution system, as shown in figure pucket truck.
4-72.
POLE CLIMBING
POLE CL&%@E‘EDG%ESRESCUE A lineman climbing a pole corresponds to an office
worker taking an elevator to the top floor of a building to
In line work a requirement is to be able to climb his or her office. Climbing is not the job, but you must
poles. The better you become at climbing poles, thelearn to climb and be at ease when you get there.

GROUND
CONNECTION
TOTHE
LIGHTNING

R, ARRESTER

PRIMARY
NEUTRAL
GROUND
BQNNECTION

SECONDARY
A NEUTRAL
GROUND

POLE GROUND CONNECTION

O6NP164
Figure 4-72.—Completely wired installation with wraparound mount showing grounding connections.
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To climb a wooden pole or tree, you will use the The safety strap also has an adjustable buckle that
equipment shown in figure 4-73. On the climber, the permits varying the length to suit the lineman and
stirrup fits under the arch of your foot, and the leg iron circumference of the pole.
runs up the inner side of the calf of your I€ghis puts
the gaff in a position on the inner side of your foot where Care of Climbing Equipment
you can drive it into the pole or tree as you climb. Two _ _
leather straps run through the loop straps and hold the ~ To a lineman the terrburning a polemeans the
climber tightly against your calf and ankle. The leather highly unpleasant experience of sliding all the way, or a
pad keeps the upper end of the climber from digging good part of the way, down a pole as a result of defective
into your leg. equipment or some error in climbing techniques made

on the way up. The burning you receive does not need to

The termleatherrefers not only to treated animal be explained in detail, and besides burning, you may get
hides but also to neoprene-impregnated nylon products,many splinters. However, climbers, body belt, and
such as body belts, safety straps, and leg straps. Thessafety strap should keep you up where you belong—if

nonleather items are cleaned with soap and water andou use them properly and take proper care of them.

are available to the battalions. The body belt and safety strap require continuous

The safety strap and body belt, as shown in figure 4- inspection. Look for the following:
73, are what might be called your extra pair of hands _
when you work aloft. The safety strap is a leather belt ~ ® Loose or broken rivets
with a tongue type of buckle (keeper snap) at each end.
The body belt, strapped around your waist, contains
various pOCketS for small tools. While Climbing, you e Broken or otherwise defective buckles
will have the safety strap hanging by both ends from the
left ring (called a D ring because of its shape) on the e Defects in safety-belt snap hooks and body-belt
body belt. D rings

e Cracks, cuts, nicks, or tears in leather

Figure 4-73.—Pole climbing equipment.
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LONG REFERENCE LINE

e \Worn leather

e Enlarged tongue holes for belt buckles

If you discover any of these defects, turn in the
equipment and replace it.

You must periodically perform maintenance work
on the leather parts of your climbing equipment.
Cleaning comes first. Use a damp sponge and a mild

A==
soap. Work up a thick, creamy lather. Then wash the ¢ o cerecence UNE ”"'\9, \/
soap off and wipe the belt with a dry cloth. o106

Next, to make the genuine leather soft and pliable, Figure 4-74.—Climber’s gauge.
lather well with saddle soap. Work the lather into all
parts; then place the belt in the shade to dry. After the

lather has nearly dried, rub down the leather with a soft LENGTH. Place the lined face of the gauge against

cloth. the inner surface of the gaff, with the short edge of the

Both belts and safety straps, made of genuinegauge held tightly against the crotch (fig. 4-75, view A).
leather, require oiling about every 6 months. Be sure theThe crotch is the point where the gaff joins the leg iron
leather is clean before applying oil. Use about 2of the climber. If the point of the gaff extends to or
teaspoonfuls of neat’s-foot oil, working the oil in beyond the short reference line, the length of the gaff is
gradually. Place the belt in a shady place and allow it tosatisfactory.

dry for 24 hours. Then rub it down with a soft cloth. WIDTH. Insert the gaff as far as possible through
Always, before you climb a pole or tree, inspect the the small slot marked "W," with the inner surface of the

climbers for the following defects: gaff resting against the lined face of the gauge (fig. 4-75,
view B). If the point of the gaff does not extend beyond
» Broken or loose straps the long reference line, the width of this section of the

e Stirrup womn to a thickness of one-eighth inch or gaff is satisfactory. Insert the gaff as far as possible
less

e |ength of pole gaff of less than one-fourth inch
as measured along the inner surface

e ‘Length of tree gaff of less than 5 1/2 inches as
measured along the outer surface and of less than 3 1/2
inches along the inner surface

e IDifference in gaff lengths of more than one-
eighth inch

If you find any of these defects, turn in your
climbers for a new pair.

Climber's Gauge

To minimize certain dangers that can occur from
neglect of the climbers, make sure you check your gaffs
frequently, using a climber's gauge (fig. 4-74). This
gauge is used to check the dimensions of the gaffs.
These must be within certain tolerances or the climber
will "cut out" or lose contact with a pole or tree.

Measurements of the length, width, and thicknessosseis?
of the gaffs are made as follows (fig. 4-75): Figure 4-75.—Use of climber's gauge.
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through the large slot marked "W," with the inner HAT. Then inspect the pole to determine the best side
surface of the gaff toward the lined face of the gaugeon which to start. This is usually the back, or high side.
(fig. 4-75, view C). If the point of the gaff does not
extend beyond the far edge of the gauge, the width Oglou
this section of the gaff is satisfactory.

Get against the pole and grasp each side of it with
r hands—not that you will hand support your weight
in climbing, but simply because you will use your hands
THICKNESS. Insert the gaff as far as possible to help in balancing yourself on the climbers (fig. 4-77).
through the small opening marked "TH," with the inner
surface of the gaff resting against the lined face of the
gauge (fig. 4-75, view D). If the point of the gaff does
not extend beyond the reference line, the thickness o
this section of the gaff is satisfactorinsert the gaff as
far as possible through the large opening marked "TH,"  Raise your right leg about 8 inches off the ground
with the inner surface of the gaff resting against the and sink the gaff on that leg into the pole. Do not jab the
lined face of the gauge (fig. 4-75, view E). If the point of gaff in the wood. Allow your weight to sink it in. Now,
the gaff does not extend beyond the far edge of thewing yourself up off the ground and lock your right leg
gauge, the thickness of this section of the gaff isin a stiff-legged position so that all your weight is
satisfactory. supported on that leg.

To learn pole climbing, you must practice actual

pole climbing. Some pointers that will help you become

roficient in pole climbing in minimum time are as
ollows:

Sharpen dull gaffs by taking long strokes with a file At the next step, raise your left foot about 8 inches
from the heel to the point of the gaff, removing only and sink the gaff on that foot into the wood. Then swing
enough material to make a good poiMEVER USE A up onto the left leg, stiff-legged, and take the next step
GRINDSTONE OR EMERY WHEEL TO SHARPEN similarly with the right foot. Continue this stepping up
GAFFS, since the metal may become overheated an@nd locking stiff-legged until you reach working
lose its strength (temper). Never sharpen the gaff to aposition. Keep the upper-part of your body away from
needlepoint (fig. 4-76) since it would sink too deeply the pole (fig. 4-78); if you were to "hug" the pole, you
into the pole and make climbing difficult. Always leave would tend to throw the gaffs out of the wood.

a shoulder about one-eighth inch back from the point.

Remember that climbers are for use on poled
ONLY. Do not wear them while working on the ground,
and do not use the gaffs for such irregular procedures a
the opening of cans.

UJ

Going Up

Before you start to climb a pole, there are a number
of preliminary steps that you should take. First, of
course, make the preclimb inspection of equipment
previously described AND PUT ON YOUR HARD

RIGHT 08NP169

O0BNP168 . i . .
Figure 4_76l_Sharpening the gaffsl Flgure 4-77.—Start|ng to climb a p0|e.

4-40



NOTE:

K LENGTH OF STEP
WILL VARY IN
A AEl;'r-us sz?sN ggme
(NOTE) LINEMAN.
OBNP170
Figure 4-78.—Continuing the climb.
When you reach the working position, proceed WARNING

immediately with great care to attach the safety strap.

You shogld place yo.ur feet sp that most of the weight is Visually check to ensure that the snap hook

on the right foot, with the right knee locked. The left on the safety strap is hooked on the D-ring and

foot should be Sllghtly above the I’Ight foot and the left that the keepers on the snap hooks on both ends

leg should be slightly bent. of the strap are facing away from your body.
When you are sure the strap is secure, you may

Crook your right arm around the pole. Use your left slowly lean back against the safety strap, as
hand to unsnap one end of the safety strap from the left  shown in figure 4-79.

D-ring on the body belt. Holding the end of the safety
strap in your left hand, pass it around the back of theComing Down
pole. Transfer the end of the safety strap from the left

hand to the right hand; at the same time, crook your left body belt. Crook your left arm around the pole, and
arm around the pole to hold yourself |.n position. Thgn unhook the safety strap from the right D-ring witﬁ the
swing the end of the safety strap quickly around with right hand. Pass the end of the safety strap to the left
your right hand and snap it onto the right D-ring on the hand, crook your right arm around the pole, and snap the
body belt. end of the safety strap to the left D-ring.

Before starting down the pole, you must release the

4-41



08NPIT1

Figure 4-79.—Working position.

You are now ready to descend. Break out the lefthowever. In case of a fall, the tool may injure your
gaff by swinging the left knee out from the side of the tailbone.
pole. Step down with the left foot to a point about 12
inches below the right; stiff-leg the left leg, and bring If you try to climb with tools in your hands, your
your weight on it to sink the gaff. Then break out the own balance on the pole will be unsafe, and you could
right gaff by swinging the right knee away from the pole drop tools on someone below.
(fig. 4-80) and proceed as formerly with the left leg.
Continue this stepping-down process until you have  The safety strap is used to secure you to the pole,
reached the ground. leaving your hands free to work. As you go up, the
safety strap is always fastened to a single D-ring on the
body belt. For a right-handed person, it is carried on the

Safety in Pole Climbing left D-ring

Never climb an erected pole until it has been
plumbed, backfilled, and tamped. Before going aloft on
an old pole, perform a butt rot test on the pole to assure
yourself that the pole is strong enough to withstand your
weight, and then carefully perform the previously
described inspection of the body belt, safety strap,
climbers, and other equipment.

Never use an improvised safety strap, or one that
has been lengthened by the addition of rope or wire.
Never attach the strap to pins or to crossarm braces.
Never put the safety strap around the pole above the
highest crossarm if the length of the pole above the
crossarm is short. The strap should never be less than 1
foot below the top of the pole.

The body belt contains pockets for small tools.

Keeping the tools in these pockets is important. Never ~ Never wear climbers except for climbing. Be
use the center loop in the body belt for carrying a tool, careful not to gaff yourself or anybody else.
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Protective Clothing and Equipment

A lineman should always wear gloves or gauntlets
when tending a reel for stringing conductors. Never
work with the gauntlets of the gloves turned down

Do not wear hobnailed shoes or shoes with metal
plates. When trimming trees for pole lines, wear
rubbers or rubber-soled shoes for climbing. Always test
the safety strap and body belt before using thilaver
wear a strap with stitching across it or one mended with
tape. Make all the safety checks of climbing equipment
every time you prepare to go aloft.

POLE-TOP RESCUE

When a crew member working aloft is shocked into
unconsciousness, there are several ways of performing
pole-top resuscitation, depending on the prevailing
circumstances.

There are some basic steps that you must take when
accomplishing a pole-top rescue. First, you need to
evaluate the situation; second, you should provide for
YOUR safety; third, you have to climb to position
where you can attempt the rescue; and fourth, you need
Figure 4-80.—Descending. to determine the seriousness of the vic;im‘s condition
and_take the necessary action to accomplish the rescue.

EVALUATE THE SITUATION. Call out to the
Some precautions to keep constantly in mind are asVICim. "Hey! Do You Need Any Help”, "Are You
. O.K.?" If there is no response or if the victim seems
follows: stunned or dazed, prepare to do a rescue. At this point,
TIME IS EXTREMELY IMPORTANT! While calling
» NEVER carry tools or other objects in your hand tg the victim, look at the surroundings. Look for things
when climbing. such as the pole or crossarm being split, cracked or on
_ . fire. If the victim is in contact with an energized
¢ NEVER frust pins,crossarmbraces,orguywires conductor you will need to clear him or her using rubber
as supports. goods or hot stick. When evaluating the scene look at
the whole scene and not just the victim.

e |f you are working with another person on the
same pole and he or she goes up first, wait until he or she WARNING
is strapped in the working position before you start up.

To ensure your personal safety, you need to
wear rubber gloves or sleeves and take enough
other equipment to secure your position

e Do not depend on the snapping sound when you
snap the safety strap to a D-ring. Look down to ensure
that the snap is hooked on the ring.

. PROVIDE FOR PERSONAL PROTECTION.
e If the top crossarm is near the top of the pole, do congider turning off the electricity, but don't waste time
not pass the strap around the short length of the poléooking for a switch, the rescue is more important. Your
protruding above the crossarm. safety is very important to the rescue mission Without

you, there will be no rescue. This means personal
e Ensure that keepers on the snap hooks on thelimhing equipment and rubber goods are in serviceable
safety strap are facing away from the body. condition. Hot line tools are ready in case needed and
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physical condition of the pole has been surveyed. Planequipment. To repair these damages, the lineman
your route to the victim now. To be on the safe side requires experience, a total commitment to safety, and
assume the pole is energized; unless confirmed dethe knowledge to accomplish repairs to the system as
energized. Leap onto the pole. No part of your body quickly and economically as possible.

should touch the pole and the earth at the same time.

This prevents your body from providing an alternate \;A|NTENANCE OF POLES. TIMBERS

path for the electricity. Remember, don't take chancesynp cROSSARMS ’ ’

and become a victim also.

CLIMB TO RESCUE POSITION. Lay out the The maintenance required on the poles, timbers,
rescue rope and attach one end to a loop of your body@nd crossarms in a power distribution system is
belt. While climbing to the rescue position, be sure to minimal. Normally, this equipment lasts for a period of
climb carefully and belt in at a safe position. Clear the 20 years or more. The following problems may occur,
victim from energized conductors using rubber goods however, and create a need for maintenance action:
or hot sticks, then reposition yourself and determine
the victim's condition. Slightly above and to one side is

nOI’ma“y best fOI’ ChECking and Working W|th the V|Ct|m ° Wood can Shrink and cause a“ hardware to

A safe and easy method used to lower the victim to become loose and require tightening.
the ground is shown in figure 4-81 and requires a pulley
line or a handline attached to a crossarm and tied off?¥OOD POLE MAINTENANCE

around the victim's chest. The knot should be in front of ) .
the victim, close to one armpit. lie three half-hitches, ~ Wood poles are treated with preservatives to

and snug the knot so that the rope rides high on thdPrevent decay, but small organisms, insects, and fungi

victim's chest Take up the slack, cut the victim's safety &l contribute to the breakdown of the wood
strap, and slowly lower him or her to the ground. preservatives. The life of a pole can be extended by
inspections and treatment, when necessary, to stop pole

decay.

e A pole can settle and require straightening.

MAINTENANCE OF POWER _ _ . .
DISTRIBUTION SYSTEMS The inspection would normally include sounding

_ _ , the pole by hitting it with a hammer from belowground

The elements, accidents, and willful vandalism are |eve| to approximately 6 feet above ground to determine
the causes of most damage to power distributiabvious defects. Also the pole is bored to determine the
presence of internal voids. Poles with internal decay
can be treated with insecticides. External decay is
removed, and the area is treated with preservatives and

%hé%—éﬂ@g W&gggg’ wrapped with a moisture-proof barrier. Poles weakened
excessively by internal or external decay must be

reinforced or replaced.

MAINTENANCE OF HARDWARE,
CONDUCTORS, ACCESSORIES, AND
GUYS

Other items that may require maintenance are the
hardware, conductors, accessories, and guys.

e Over time, guys stretch and require re-
tensioning.

e Insulators get dirty and require cleaning,

RESCUES DIFFER ONLY IN especially around the sea where there is salt in

CONTROL OF THE FALL LINE the air.
eI e Connections become loose with age and must be
Figure 4-81.—Pole-top rescue. re-torqued to prevent hot spots.
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e In time, conductors stretch and require re- MAINTENANCE AND TESTING OF
sagging AERIAL EQUIPMENT WITH HYDRAULIC
' BOOM
e Insulators crack and require replacement. ) _ _ _
Operation of aerial equipment starts in the same
way as other pieces of equipment. The operator must
OPERATOR MAINTENANCE have a valid license, and a thorough prestart inspection
RESPONSIBILITY must be performed. Maintenance and lubrication must
be performed according to the manufacturers'
recommendations and guidelines. Daily operator
Operators must keep the vehicle or assignedchecks, made before placing the equipment in service
equipment clean and in serviceable condition and mustand again when securing the equipment, will be kept on
perform daily operator's maintenance. Equipment mustfile for a minimum of 60 days. If the operator detects
be inspected daily and any defects noted to be correctedny condition that would indicate the equipment to be
before a serious breakdown or mishap occlitee NCF ~ unsafe or unreliable for use, the equipment must be
equipment is scheduled for preventive maintenance/€moved from service.

every 40 workdays. No piece of equipment can be A condition inspection,an electrical insulation
expected to operate for 40 days without daily operatortest and aload testare to be performed annually. The
care. Many units of equipment have hourly and daily certifying official of the designated activity is
lubrication points. This lubrication is the responsibility responsible for the certification of these inspections and
of the operator. Operators must ensure that equipmentests. A copy of the certification must be posted on the
is maintained as outlined in the operator's manuals.equipment in full view of the operator. The original
These manuals can be obtained from the CM shopetrtification form is to be filed in the equipment history

library. record file.
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CHAPTER 5

INTERIOR WIRING

At any Navy or advanced base, the electrical system  Now, we are going to distinguish between three
consists of three parts: the power plant that supplies theimportant electrical terms. As a CE, you will need to
electrical power, the distribution system that carries the know the difference between the terms grounded,
electrical current from the generating station to the grounded conductor, and grounding conductor.
various buildings, and the interior wiring systems that Grounded, as defined by the NECO, means connected
feed the electrical power to the appliances andto the earth or to some other conducting body that serves
equipment within a building. in place of the earthA grounded conductor is a circuit

conductor that is intentionally grounded. A grounding
conductor is a conductor used in connecting equipment
©n the circuit of a wiring system to a grounding electrode
or electrodes. As a CE, you should make it a point to
learn the difference between these terms. You will see
them and hear them discussed throughout your career.

In this chapter, we will discuss your responsibilities Use the NECO, study it, and learn it. A working
in meeting various code and specification requirementsfamiliarity with this reference will prove useful to you,
and a variety of techniques for installing, repairing, and and, as you advance in rate, teach your junior personnel
maintaining interior wiring systems. the importance of this valuable guide.

STANDARDS
. _ ) SERVICE ENTRANCE AND
The National Electrical Code© (NECO) is DISTRIBUTION PANELS

prepared and published every 3 years by the National _ . L .

Fire Protection Association (NFPA). You should use ~ 1he starting point for interior wiring is the service
the latest publication and volume reference. The NEC© entrance. It is connected to the service drop. The service
is an accepted guide for the safe installation of electrical €Ntrance is made up of several components, but before
conductors and equipment. Its purpose is to safeguardV€ 96t into the specifics concerning the service
personnel and buildings and their contents from hazardsentrance, Ie; us look briefly at the wiring system used to
arising from the use of electricity. NAVFACENGCOM  SUPPly a building.

recognizes the NECO and uses it as its minimum  The types of electrical systems that are to be
standard. installed are determined mostly by what the building is

How does the NEC© minimize the dangers to be used for and the type of equipment that is to be

mentioned above? Briefly, the NECO provides the USed: Generally speaking, electrical loads are divided
following: ' 4 P into four categories: two-wire, single-phase; three-

wire, single-phase; three-wire, three-phase; and four-
e Various methods of wiring and descriptions of Wire, three-phase.

materials WIRING SYSTEMS
Technigues for wiring designs and protection

As defined here, interior wiring begins at the point
where the distribution systems service leads ar
connected to the wiring from within the building and
extends through each circuit of the interior wiring of the
building to the last fixture installation.

The simplest wiring system is a two-wire, single-
e Requirements of general and special equipmentphase type, as shown in figure 5-1. This system is used

e Special conditions and occupancy information l
UNGROUNDED CONDUCTOR
e A variety of tables and examples for calculations §
The NECO is a wealth of information that provides 1 1‘ %%‘é”&%’?ﬁ"c%%%‘é%%?
CEs with a strict to-be-observed guide that experience <
has shown minimizes electrical hazards to personnef®™"
and buildings and their contents. Figure 5-1.—Two-wire, single-phase system.
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in small buildings where the primary requirement is

lighting. It can also be used to operate 120-volt l

appliances and motors. The two-wire system consists g ¥ UNGROUNDED CONDUCTOR
of one ungrounded, insulated conductor and one ~ J >

identified (grounded) conductor, which is called the T > 3 UNGROUNDED CONDUCTOR
neutral. This system is limited to the operation of 120- & l

volt equipment and relatively light loads of 50 amperes i UNGROUNDED CONDUCTOR

or less. Larger loads can be better served by another type
of wiring system. The two-wire system requires the use

of an equipment-grounding conductor that may be a
separate conductor, conduit, or other recognized means
of grounding.

Figure 5-3.—Three-wire, three-phase system.

The last type of wiring system in common use is the
r-wire, three-phase system (fig. 5-4). This system
three ungrounded phase conductors plus a grounded
eutral. This system is a combination of light and

Figure 5-2 shows the three-wire, single-phaseg,
wiring system, used both for lighting and power. This has
system, commonly known as "220," "110," (single

phaze),tuses rt]\_/v% qngroundded dc??duct(_)crls anldlg ne:f[tragower and offers quite a cost reduction over a three-
80:1 uctor, V‘;] ICh 1S gré)ug € g Frow detsh vto ISI ire, single-phase system for the same amount of
etween each ungrounded conductor and the neutral. i qyer The usual voltages are 120/208 or 120/240

also provides 220 volts between the wo ungroundedy,ac " gepending on the type of transformer connections
conductors. This system is used for lighting and POWET | ca

loads, such as air conditioners and heating equipment.”™

The three-wire, single-phase system provides up t0ggrvICE ENTRANCE

twice the power that is available from a two-wire system

with conductors of the same size provided that the load  The service entrance serves to bring power from the
is balanced between the two ungrounded conductorsseryice drop to the panelboard inside the building. One
The 110-three-wire, 220 volts is the most common of the components of the service entrance is the
system used in residences today. This system alsgonductors through which the current flows. The

requires the use of an equipment-grounding conductor. ¢ondyctors may consist of individual wires run through

A second type of three-wire system is the three- & protective raceway, such as rigid metal conduit,
wire, three-phase system shown in figure 5-3. This€lectrical metallic t_ublng, or rigid nonmeta_llllc condu!t.
system is used to furnish power, usually 220 volts, to The raceway provides the conductors with protection
installed equipment. If some lighting is needed, 220- from both physical and weather damage. Power may
volt fixtures and bulbs can be installed, but be awarealso be brought into the building by means of service
that there are certain restrictions placed on lighting €ntrance cable. This cable does not need raceway
circuits exceeding 120 volts. When substantial Protection unless it is likely to be physically damaged
amounts of power are required, higher voltages, such ay abrasions or by being struck by passing equipment.
480 volts ac, maybe provided with this type of system.

i T UNGROUNDED CONDUCTOR
g 3
i T UNGROUNDED CONDUCTOR T 2 g T S — UNGROUNDED CONDUCTOR
o
] = 2 NE CONDUCTOR J— g —+ l UNGROUNDED CONDUCTOR
] z T | BT
l } UNGROUNDED CONDUCTOR l T NEUTRAL
06NPO178 = m:m
Figure 5-2.—Three-wire, single-phase system. Figure 5-4.—Four-wire, three-phase system.
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Figure 5-6.—Meter socket and wiring.

Figure 5-5.—Service mast service entrance.
SERVICE DISCONNECTS

A weather head. also called a service head. as The service entrance must provide a means of
o ; _ ! “disconnecting the service entrance conductors from the
shown in figure 5-5, is used with a raceway to provide

interior building circuits. The service disconnecting

an exit for the conductors from the raceway. The means will be installed at a readily accessible location
weather head is designed to prevent the entrance of raireither outside of a building or structure, or inside nearest
into the raceway. The conductor holes in the servicethe point of entrance of the service conductors. A
head are designed to reduce abrasion to the insulationService disconnect, or main switch, can be used to turn

Power delivered to the building may need to be off all interior power in case of a fire or other emergency
measured to determine how much power is uskten conditions. A disconnect switch is also useful when

. . work is to be performed on the panelboard or work is
this measurement is necessary, a watt-hour meter sockefjone on two or more circuits at the same time.
(fig. 5-6) is installed in the service entrance circuit S0 Qvercurrent protective devices are required for the
that a wattmeter may be included to record powerservice conductors in conjunction with the service
consumption. Article 230 of the NEC© covers the disconnects.

service conductors and equipment for control and  several types of service entrance disconnects are
protection of services and their installation permitted. One of these is in the form of a knife-blade
requirements. switch with one, two, or three blades, as needed, to open
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the circuit. Figure 5-7 shows a two-pole knife-blade purpose, but a metal underground water pipe in direct
disconnect. As you can see, this switch has two fusesontact with the earth for 10 feet or more and
directly beneath the movable blades. Another type ofelectrically continuous to the points of connection of the
disconnect is installed as a fuse block. The fuse blockgrounding electrode conductor and the bonding
contains a fuse for each ungrounded conductorconductors may be used. Another way is to use the
Removal of the fuse block has the same effect asearest available effectively grounded structural metal
opening a switch to interrupt current flow. A third member of the building for grounding. Once a suitable
method of providing for service disconnect and grounding electrode is identified, the grounded or
overcurrent protection is the use of circuit breakers.neutral conductor must be attached to it. The grounding
These may be installed as a multiple assembly with aelectrode conductor is installed as a continuous
single-switch handle. The service disconnect must beconductor from the neutral bus bar to the grounding
permanently marked to identify it as a service electrode. Small grounding conductors are enclosed in
disconnecting means. The grounded conductor is not protective metal covering that should be electrically
normally attached to the disconnect switch, but when itcontinuous from the panelboard cabinet to the
is, the switch must be in the form of a circuit breaker, grounding electrode. Metal raceways, meter sockets,
and all the ungrounded conductors must openpanelboard cabinets, and the grounding electrode
simultaneously with the grounded conductor. conductor enclosure must all be electrically bonded
Regardless of whether it is switched, the groundedogether and to the grounding electrode conductor so as
conductor has to be fixed so it can be disconnected. Ao be electrically continuous. This arrangement results
terminal or bus bar to which all grounded conductorsin all metal parts and enclosures in the service entrance
can be attached by means of pressure connectors meeggd the grounded conductor being at the same potential
this requirement. electrically.

The service entrance must be grounded to a low-
resistance ground (refer to section 250 of the NEC®). INTERIOR WIRING SYSTEMS

Normally, a ground rod is driven into the ground for this Every interior wiring job you will be assigned will
have its own particulars, depending upon what type of
building or structure you are assigned to wire. Some of
these particulars are whether to use rigid, flexible, or
thin-wall conduits. The type of conductors you will use,
whether single or a cable with multiconductors, such as
Romex or flexible cord. These particulars, as
mentioned above, depend on what type of job you are
assigned, temporary or hard-wired, block or drywall
construction. Use this information provided here to
become familiar with installation requirements. Learn
to use the proper cable, conductors, and conduit in the
correct place. Make sure you are familiar with the
various methods of bending, joining, and installing the
various materials, and learn to select the proper fittings
and accessories that you will need to install those
materials. As you are referred to the NECO throughout
the chapter, look up the articles indicated This action
will help you get acquainted with the NEC®©. A good
CE takes pride in doing a neat, safe, and proper job.

%\ CONDUCTORS AND CABLE SYSTEMS
- CONDUIT —_

Electrical conductors generally consist of drawn
% GROURD TORATER  copper or aluminum formed into a wire. They provide
GROUND ROD paths for the flow of electric current and usually have
06NPO181 CIRCUIT insulating material encasing the metal. The insulation
Figure 5-7.—Service entrance disconnect and overcurrent material is provided to minimize short circuits and to
protection. protect personnel. Atmospheric conditions, voltage



Table 5-1.—Percentage of Current-Carrying Capacity of . . .
g ying ~-apacty raceway, cable, or direct burial, you see, by referring to

Conductors table 310-16, NECO®), that its ampacity is reduced to 25
PERCENT OF NORMAL amperes, provided that not more than three conductors
NUMBER OF CURRENT-CARRYING are in the raceway or cable. Table 5-1 of this training
CONDUCTORS CAPACITY manual indicates the reduced ampacities for a variety of
numbers of conductors in such a situation, according to
4 through 6 80 the NECO.
275t{1hr%1ug$1h222 28 Suppose now that you have four to six No. 12 AWG
43 and above 50 wires in a conduit. The allowable current-carrying
capacity would be only 80 percent of the normal, or 20
06NP0182 amperes. To ensure a current-carrying capacity of 25

amperes, you would have to use No. 10 wire that has a

requirements, and environmental and operatingn,rma| cyrrent-carrying capacity of 35 amperes, 80
temperatures are factors considered in the selection Of)ercent of which is 28 amperes.

the type of insulating material for a particular job.
Cables

A cable is an assembly of two or more conductors
insulated from each other with an additional insulating
or protective shield formed or wound around the group
%f conductors.

A stranded conductor has the advantage of being[\lonmewIIIIC Sheathed Cable
more flexible than a solid conductor, thus making it ~ Nonmetallic sheathed cable is more commonly
more adaptable for pulling through bends in the conduit. called nonmetallic cable, NM cable, or Romex.
Nonmetallic cable consists of two or three insulated
conductors in an outer sheatht may have an added
Snsulated or bare conductor to be used as an equipment
ground. The outer sheath is made of a moisture-

Single Conductors

A conductor may consist of a single, solid wire or a
combination of a number of solid wires (stranded) that
are not insulated from each other and share in carryin
the total current.

Conductors vary in diameter. wire manufacturers
have established a numerical system called th
American Wire Gauge (AWG) standard. Table 8 of the
lr\lleE(Se(issiPyO\?(/)Sr E%Vr\%ggﬁsr;%zergijﬁtegleol'rmf'rn:égzntgle resistant, flame-retardant, nonmetallic material either
inch diameters in the description of wire sizes. Notice of thermoplastic or treated braid.
that the wire gauge numbers increase from 4/0 through  Nonmetallic cable has copper, aluminum, or
18 as the diameter of the wire decreases. copper-clad aluminum conductors. Copper conductors
used in cable range in size from No. 14 to No. 2 AWG.
The size of aluminum conductors is from No. 12 to No.

The wire size most frequently used for interior 2 AWG. Specific descriptive information must be
wiring is No. 12 AWG, used as a solid or stranded marked on the exterior of nonmetallic cable, repeating
copper conductor. Table 310-17, column 2, of the at intervals of at least every 24 inches. The information
NEC®© shows the allowable ampacity of a single required to be shown includes the manufacturer's name
conductor in free air. No. 12 AWG (for types FEPW, or trademark, maximum working voltage, wire size, and
RH, RHW, THW, THWN, XHHW, and ZW insulation) cable type. Most cable is also marked to show the
to be 35 amperes.However, the minute that same number of conductors and whether it has a ground, as
conductor is not alone in free air and is placed in ashown in figure 5-8. The ground wire is used to ensure

Size, Number, and Ampacity

r

COMPANY 600 V 12/2 WG TUPE NM

06NP0183

Figure 5-8.—Markings on nonmetallic cable.
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the grounding of all metal boxes in the circuit, and it also

o/ ® - N

furnishes the ground for the grounded type of t SO O/
convenience outlets. OO

Nonmetallic cable comes in two types: NM and O 0
NMC. Type NM cable has a flame-retardant and .
moisture-resistant cover. Type NMC cable is corrosion- O
resistant. Its covering is flame-retardant, moisture- ° [
resistant, fungus-resistant, and corrosion-resistant. m
Refer to the NECO, Articles 336, for Types NM and O e

NMC uses permitted and not permitted.

o ®
e
In naval installations, Romex is used primarily for )
temporary work, such as on Quonset huts. Civilian CELS0001
contractors, however, use it extensively for residential Figure 5-9.—Extension ring.
wiring. All connections in Romex must be at the

junction or outlet boxes. Saddle, straight clamps, or

cable connectors must be used for securing the cable tre known In many cases, the usual box for the
the ground wire is fastened securely to create a gooGpace for a conductor in a box, consult the table 370-
mechanical and electrical ground. When a bend is made16(a) for metal boxes in the NECO. This table lists
in Romex, the radius of the bend should be not less tharyimensions for common boxes. their cubic inch
five times the diameter of the cable. capacity, and the maximum permitted number of
conductors in wire sizes No. 14 through No. 6. The
number of conductors listed does not make allowance

There is no firm requirement that a certain type of 0" fixture studs, cable clamps, grounding conductors,
box be installed for a specific purpose. The usua|SW|t_ches, or receptacles, or straps for mounting these
practice is to install octagonal boxes for lighting outlets 9€Vices. One conductor must be deducted from those
and to install rectangular and square boxes for switchegiSted When the box contains one or more fixture studs or
and receptacle outlets. Round boxes are normallyf@Ple clamps. Each strap containing one or more
installed overhead for lighting purposes especially dévices requires deduction of one conductor.

where the fixture canopy must cover the box. However, Also, one conductor is deducted for one or more
when the need arises because of inside spacgrounding conductors that enter the box. A conductor
requirements, wall-surfacing materials used, number ofthat runs through the box is counted as one conductor.
electrical devices to be mounted, or the availability of Each conductor that terminates in the box counts as one.
boxes, almost any box can be used for any purpose.  Fixture wires and conductors that do not leave the box,

The size and number of conductors to be installed in SUch as an internal grounding wire, are not counted.

a box have a definite impact on the selection of a box. | et us use an example to see how the table works.
Each conductor in a box must have some free air spacqwo receptacle outlets are to be installed using No. 12
to prevent a buildup of heat. As a result, the morepgnmetallic cable. One of the outlets is to be installed as
conductors, or the larger their size, the bigger the boxan extension to the other. Device boxes with cable
must be in which they are installed. The cubic inch clamps are to be used if possible. The first step is to
capacity of a box is determined by its length, width, and getermine the number of conductors that will be wired

depth. An increase in one or more of these dimensionsthrough the box. Two conductors plus a grounding
increases box capacity. When gangable boxes argynqyctor enter this box. Also, if a second outlet is to be

assembled together, box volume is the total of all .y nnected to this one, then two conductors plus a
sections assembled together. Also, when a raised COV&¥rounding conductor must leave the box. If the
or a box extension with V°'“me markl_ng_s is added to apreceding rules are followed, we have four conductors
box, as shown in figure 5-9, its capacity is added to they| s gne for the grounding conductors, the equivalent of
volume. one conductor for the cable clamps, and the equivalent
The box to be mounted in each location is selectedof one conductor for the receptacle outlet. This method
after the number and size of conductors it will contain gives us an equivalent of seven conductors. In looking

BOX SELECTION

5-6



at the table for metal boxes in the NEC©O, we do not find Outlet and junction boxes are installed in a number
a listing given for seven No. 12 conductors in a device of ways in either new construction or an old building.
box. There are a couple of listings for eight conductors; Article 370 of the NECO gives the installation rules for
one indicates a device box 3 by 2 by 3 1/2 inches isoutlet, switch, and junction boxes. In most cases, boxes
required. Since there will be an equivalent of just five in new construction are fastened with nails or screws.
conductors in the device box for the second outlet, theUsually, nails are preferred because they are cheaper
table shows a 3 by 2 by 2 1/2-inch box to be adequate.and quicker to use. Unless the box has a bracket on it,
The table does not cover all the requirements for '€ Sid€ of the box must be removed to use screws for
Hnountlng. Some of the newer box mounting brackets

conductor space in boxes. Boxes of 100 cubic inches %have prepunched and preformed devices that are driven
less, not covered by the table, and nonmetallic boxes are prep P

marked with their cubic inch capacity. When thesemt.0 wood framing to support the box in the place of
boxes are used or when conductors of different sizes arena'ls'
installed in the same box, the number of conductors
allowed in a box is based on the free air space
requirement for each conductor. The free air space

needed is given in table 370-16(b) in the NECO®. g,
According to the table, the volume of space needed ing;y
cubic inches per conductor is 2 for No. 14, .2 1/4 for No.
12, 2 1/2 for No. 10, and so on. As an example, if a box

Nail Through Box Mounting

One of the simpler boxes to mount is a device box.
xes without brackets are mounted by putting two
teen penny nails (3 1/2 inches long) through the holes
in both sides of the box and then driving them into the
_ s wood framing member (stud). Nails that pass through
Is to contain four No. 10 conductors and two NO. 12 o inide of a box must not be more than a quarter inch
conductors, multiply 4 times 2 1/2 and 2 times 2 1/4. g0 the pottom (or back) of the box, as shown in figure
This equals 14 1/2 cubic inches, the minimum sized boxg_; o Also, note the markings on the side of the box.
that can be installed. These are depth markings which let you easily install

the box to project the proper distance from the edge of
the stud to offset the thickness of the wall material that
will be installed. Another way to mount device boxes
with sixteen penny nails is shown in figure 5-11. In this
case, the nails are outside the box, eliminating the
possibility of wiring interference inside. The extension
of the box sides, as is done here to provide for nailing, is
often referred to as an S bracket mount. The bracket is

DEPTH made so that the nails can be driven in straight or on a
MARKINGS slant, depending on whichever is easier. Being able to
drive the nails at a slant is especially useful when the
stud spacing is less than normal. The notches on the
front outer ends of the bracket serve as a depth guide for
mounting, the same as the markings mentioned before.

NAILS-NOT

0 MORE THAN
1/4" FROM

BACK OF BOX

o

e

BOX PROJECTION
FOR WALL SURFACING

Figure 5-10.—Box installed with nails. Figure 5-11.—S bracket box.
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Many boxes come with attached brackets of various stud. The holes are slotted to permit the box to be
designs. Several of these brackets are shown in figurdoenailed. The bracket is flush with the edge of the box
5-12. The D bracket illustration is the simplest one of and has gauging notches for positioning. This bracket
the group and is simply an extended box side. It ishas a knockout that allows installation of conduit
nailed or screwed to the stud. It also has notches to servéhrough the stud into the box. The FA bracket is similar
as an installation guide. The next bracket is the Ato the D bracket, except the bracket is welded to the side
bracket. As you can see, it is a straight bracket with aof the box. It also has a positioning spur to assist in
turned over upper edge that fits over the edge (face) oholding the box in place while it is being nailed The
the stud. When nailed from both the front and side, thispracket is offset from the edge of the box one-half inch
bracket makes an extremely strong mounting. The Aor five-eighths inch to allow for the wall material
brackets come attached to the boxes at varyinghickness. The FH bracket is similar to the FA bracket,
d|_stances from their edges_ to allow for use with different except it has two barbed hooks that drive into the face of
thicknesses of wall material. the stud. The bracket is welded flush on square boxes

The B bracket is made to fasten the box to the faceand offset one-half inch on device boxes. Driving the
of the stud. It has a couple of spurs that, when drivenbarbed hooks into the stud face and nailing the side
into the stud, hold the box in place while it is being make a very rigid mount. The W bracket is fastened to
nailed. The bracket may be attached to the box so iboth the face and side of the stud to provide a rigid
projects slightly above the edge, as shown in themount. Since it stands the box off to the side of the stud,
illustration. This bracket prevents the device cover andit is used to provide clearance between switches and
its holding screws from causing a bulge when sheetrockswitch plates and doorway trim, as does the long B
is used for the wall surface. B brackets on device boxedracket.
are located at various depths to coincide with the
thickness of the finished wall. Some B brackets areBox Mounting on Metal Framing
about twice as long as the one shown. These brackets
are suitable for mounting on doorway framing studs to ~ Much modem construction makes use of metal
place switches and their cover plates beyond the edge oframing members. The ones you are concerned with
the door trim. This same bracket may be attached to themostly are the studs and the doorframes. Boxes can be
end of a device box for the horizontal mounting of a attached with sheet metal screws or machine bolts and
switch or receptacle. The J bracket is used the same asuts. However, special attaching devices are available.
any other bracket that is fastened directly to the side of aA special anchor, as shown in figure 5-13, provides a

J BRACKET

FA BRACKET FH BRACKET W BRACKET

Figure 5-12.—Assorted box mounting brackets.
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FFLATHEAD
BOLY
O0BNPO180
Figure 5-14.—Box mounting on metal stud with spring clip.
MACHINE behind the stud face and locks the box in place. The box
BOLTS can be moved easily up or down on the stud by releasing
the spring tension. Boxes can also be attached to metal
RETAINING . . .
0ENPO100 NUT framing members with sheet metal screws or machine
Figure 5-13.—Box mounting on metal doorframe. bolts and nuts.

quick, simple method of installing a box on the Box Mounting Between Framing

doorframe. This anchor allows the box to be adjusted in At times, boxes must be mounted between the
all directions; that is, toward or away from the frame, building or wall supports instead of directly on them.
the depth from the outside wall surface, and up or down This positioning is particularly true of ceiling lights

as needed. The nut on the bolt shown in the figure holdswhere the joists do not coincide with the spot at which
the bracket to the anchor and must be loose while thethe light is to be placed. In such cases, boxes must be
anchor is installed. The anchor itself consists of amounted on a separate support attached to the structure.
flathead bolt with a screwdriver slot and a threaded These supports may be purchased in the form of bar
channel. The channel comes in two sizes; one fofl@ngers or metal straps, or they may be constructed
narrow doorframes not over 4 inches wide and a secondfom metal straps or wooden strips. Figure 5-15 shows
for doorframes up to 7 inches wide. The anchor is set in -

place by inserting it in the frame channel with the
flathead of the bolt toward the doorstop channel and the
threaded channel under the lips of the doorframe. The
anchor is locked in place by inserting a screwdriver in
the slot of the bolt and turning it clockwise until tight.
As you can see in the figure, the bracket is adjustable
and is held in position by the tightened nut on the bolt.
The box is adjustable toward or away from the
doorframe and is attached to the bracket with two
machine bolts and nuts.

BAR HANGERS

Metal spring clips provide a quick and easy way of
mounting boxes onto metal studs. The same clip will
work on studs of more than one design and size, such as m
1 5/8- to 3 5/8-inch C channel studs and the truss type of
studs. They are designed to mount square boxes with
cover plates and to permit device boxes to be flush-
mounted with various thicknesses of wall surfacing. A

metal spring clip is shown at the left in figure 5-14. To —

mount a box, tap the clip over the open edge of the box. sy’ esrsrsrrrrrssn
Then tip the box so the upper prong slips behind the face

of the stud, as you can see at the right in figure 5-14. . METAL STRAP SUPPORTS

Press the lower prong back with your thumb until it slips Figure 5-15.—Box supports.
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two typical bar hangers and two metal strap supports.Box Mounting in Existing Structures

You can see that one of the bar hangers includes a fixture

stud that also serves to support the box when itis A completely different method of box mounting is
installed through the knockout in the box bottom. The required when a concealed extension is to be made to an
other bar hanger supports the box by means of a clamgxisting circuit or when a new concealed circuit is to be
installed through the bottom knockout. Bar hangersadded in an existing structure. The procedures
with boxes already attached are available. Bar hangersliscussed here pertain to mounting boxes in hollow
come in different lengths with each having a range of walls; that is, walls, such as sheetrock or plaster on
adjustment to fit spaces of varying widths. Bar hangers studs. Boxes must be equipped with plaster ears to
are fastened in place by nails driven into the side of theassist in anchoring them in place. One method of
joist or stud. Sheet metal screws or machine bolts andhollow wall mounting is shown in figure 5-17. This
nuts are substituted for nails when metal framing is method uses two sheet metal brackets to hold the box in
involved. Metal straps may have fixture studs or may place. The first step for this type of mounting is to locate
have slotted mounting holes so the box may be attachedind cut the mounting hole. After the hole is cut, hold the
with machine bolts and nuts. Strap supports come inbox in place in the hole with the plaster ears against the
different lengths with several nail holes in each end to fit wall. Slip a bracket with the fins pointing out, long end
various width spaces. Strap supports are nailed to thdirst, between the box and the wall. Slide the bracket up
face of the joist or stud They have different offsets to fit until the short end clears the hole. Rush the short end
different box depths or installation needs. into the hole and slide the bracket downward to center
- the fins with the box. Bend the fins tightly over the box
Metal strap supports can be made similar to theedge and down against the inside. Repeat these steps for

manufactured one shown in the lower part of figure ,
5-15. Hole locations should be determined and holes.the second bracket. The box should now be held firmly

drilled as needed for the specific installation being in place.

made. Wood supports can be made in a number of ways. A second method of mounting a box in a hollow
About the simplest form is shown in figure 5-16. It wall makes use of clamping devices attached to the box
consists of a piece of 1- by 4-inch lumber cut to length to sides, as shown in figure 5-18. These boxes usually
fit between the joists and nailed in place. You need tocome with a stiff paper template to outline the hole that
allow for the depth of the box plus the thickness of the must be cut into the wall. If you do not have a template,
ceiling material when positioning the board for nailing. put the box against the wall and draw around it. Be sure
In some cases, two 1 by 4s may be nailed up with theyou do not include the plaster ears in your drawing. Cut
wide dimension perpendicular to the joist or stud facesthe hole as indicated, Slip the box into the hole and
and the box mounted between them. Sometimes thdighten the clamping screws until the box is firmly
ends of the 1- by 4- by 4-inch support is nailed to 1- by 4- anchored. One variation of this method works quite
by 4-inch blocks which, in turn, are nailed to the joists.

SHEET DRYWALL
METAL RYW,
BRACKET /

FINS BENT
INTO THE BOX

SHEET METAL
BRACKET

DBNPO191 06NPO182 )
Figure 5-16.—Woodbox support Figure 5-17.—Bracket support of box in hollow wall.
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prepared hole and press on the bolt head until the ends of
the support spring clear on the inside. lighten the bolt
with a screwdriver until the box is held securely in
place.

Box Mounting Height and Location

There are no specific requirements for mounting
boxes at a certain height. Mounting may be at any
convenient height that meets the need for which the box
is being installed. All boxes for the same purpose
should be mounted at the same height. In some extreme
cases, receptacle outlet boxes have been mounted in the
wall parallel to the floor and just high enough to permit
the cover plate to be installed. This type of installation
requires that an allowance be made for the base
finishing material as well as for the wall material when
box depth is set. Receptacles set against the floor are
well with a lath and plaster wall. On the side of the box hard to use and are hazardous in places where floors are
are cleats that unfold when the screws are tightened andnopped.

clamp behind the lath. In this way, they support the ends  Heights for receptacle outlets and switches are
that were cut when the hole was made. usually given in the plans. The measurement may be

A third means of fastening a box in a hollow wall from either the subfloor or the finished floor and may be
uses a support that is added to the box through théo the bottom of the box; the center of the box, which is
knockout in the back. The application of this support is Probably the most common; or the top of the box. The
shown in figure 5-19. After the knockout is removed, most popular height for receptacle outlet boxes in the
assemble the support to the box by inserting the boltliving areas of a house is 12 inches from the floor line to
with the retaining washer through the knockout hole. the center of the box. Many electricians mark their
Thread the bolt into the support Rush the box into thehammer handles to use as a guide for installing outlet

TEMPLATE

oeNPO1SS PLASTER BAR

Figure 5-18.—Box with hollow wall clamps.

BOX SUPPORT

SUPPORT ON BOX
FRONT VIEW

ASSEMBLED IN WALL
— REAR VIEW

Figure 5-19.—Box support for hollow wall.
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boxes at the proper height, as shown in figure 5-20. Any  Ceiling boxes are located by a completely different
number of other guides, such as a rule or a notched stickmethod of measurement. Most rooms have at least one
can be used. ceiling light located in the center of the room. A number
of ways can be used to find the spot to mount this light
box. One way is to use a rule or tape to find the halfway
point across one dimension of the room and mark it, as
shown in figure 5-21, view A. Make a second

: easurement across the same room dimension and
makes an easily seen mark should be used. Arﬂark the halfway point. Connect the two marks.

arrowhead, fike that shown in figure 5-20, is used to Measure the other room dimension to find the center
show where the center of the box is to be placed. The . L C
nd mark it on the preceding line. This point is the place

arrowhead also points to the side of the stud where th or the ceiling light box. Fiaure 5-21. view B. Shows
box will be put. As an added convenience, symbols may g9 - 19 VIR .
another way to spot the ceiling box. Run diagonals with

be marked near the arrow to indicate the types of device_, . ; . fth T .
to be installed. Some examples might be XX for g String from opposite comers of the room. The point

duplex outlet, SS for two single-pole switches, S3 for a Where the diagonals cross is the room center.
three-way switch, or XR for a range outlet. Sometimes the position of the box is laid out on the

subfloor. The point is then transferred to the ceiling by
Switch boxes and outlet boxes for laundry and use of a plumb bob (a pointed weight on a string). When
utility rooms and garages are normally set 4 feet abovethe plumb bob is suspended by a string held at the level
the floor. This height is often increased 4 to 6 inches of the ceiling joists with the point of the weight over the
when some type of wainscoting or paneling 4 feet highdesired location, the top of the string will be at the spot
is to be included as part of the wall. Boxes for outlets where the box is to be mounted.
over counter tops are usually installed about 18 inches
above the counter top (see NEC Atrticle 210-52(c)(5)).
This measurement can vary a few inches up or down,
depending on the height of the backsplash panel.
Installing boxes without considering the splash panel
could cause you to have boxes that overlap different
wall surface levels.

It is a fairly common practice to mark the exact
location of each wall-mounted box on the studs
throughout the building before mounting begins. A
lumber crayon, carpenter’s pencil, or felt-tip pen that

BOX —P
g~ STUD
<
MARKING ¥ FXX B
®
12°
®
PLATE
SUBFLIOOR l ®
[ l 1 vg | | ®
06NPO185 c D
08np0186
Figure 5-20.—Measuring box mounting height. Figure 5-21.—Location of ceiling lights.
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Many rooms require multiple ceiling lights. If only later modifications. You should refer to Article 300
two lights are involved, measure half the length of the NEC© for wiring methods.
room and then run diagonals for each half, as shown in
figure 5-21, view C. This measurement procedure gives
you the location for each light. A room that is to be lit
with a row of lights will have them installed along the
center line. The lights should be spaced so that th
lighting is as uniform as possible. You can determine
the spacing by dividing the length of the room by the
number of lights. This figure is the space that is to be
left between any two adjacent lights. The light at each A straight line is the shortest distance between two
end of the row is placed at half the preceding distancepoints. This principle is used a great deal of the time by
from the wall. This spacing is shown in figure 5-21, electricians when they are routing cables. Cable is run
view D. If you take another look at view C, you will see from box to box by the shortest route unless there is a
that the space from the end walls to the lights is also halfgood reason not to do this. Such routing does not always

When roughing in your circuits, study your
electrical blueprints. They will show the general
location of the outlets and switches and how the cable is
to be routed. The exact spot where each outlet and
Switch are to be put is determined by the requirements of
the NEC© and the experience of you, the electrician,
unless specific directions are given.

that of the space between the lights. look neat, but it keeps the cost of material and labor
down, and since most wiring is concealed, it is not often
INSTALLATION seen.
OF NONMETALLIC Cable must be fastened in place to support it and to
CABLE prevent strain at boxes and connections. Cable must be

anchored within 12 inches of a box, cabinet, or fitting
and at points no more than 4 1/2 feet apart between
boxes. NM cable is usually attached to wooden framing
studs by staples (fig. 5-22). Care must be taken not to
drive the staples in tight enough to damage the cable.
Another method for securing Romex is by the use of
straps. Figure 5-23 shows four types of straps that may
be used to secure cables.

Installation of electrical circuits with nonmetallic
cable is fairly simple. It is usually done in two stages.
The two stages are called roughing in and finish work.
Roughing in is the work done before the walls and
ceilings are put in place, and finish work is just what it
implies, the finishing up. You splice wires as needed
and install the receptacle outlets, switches, and lighting
fixtures.

Concealed cable is installed either through holes
ROUGHING IN bored in wooden framing studs or into notches cut in
their edges. Holes can be bored with various sixes of

The main objectives in roughing in are to get bits, depending upon the size of hole needed. The holes
circuits routed properly, to reduce the chance of damageshould be drilled in the center of framing studs in a

to the cable during installation, and to reduce the chancestraight line and at the least possible angle either
of damage while the structure is being finished or during

N AN
ONE-HOLE ONE-HOLE
OVAL CABLE STRAP EMT STRAP
TWO-HOLE TWO-HOLE
OVAL CABLE STRAP EMT STRAP
06np0197 06np0198

Figure 5-23.—Straps for fastening cable.

Figure 5-22.—Nonmetallic cable staples.
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JOISTS
STRAIGHT HOLES-
PREFERRED METHOD

OF DRILLING
FOR CABLE

HARDER TO THREAD
AND PULL CABLE

Figure 5-24.—Drilling holes for nonmetallic cable.

vertically or horizontally, as shown in figure 5-24. 5-25, if the notches will not weaken the building
Holes that are drilled in a crooked line or at much of an structure. The notches should be as small as possible.
angle to the line of pull, as shown at the bottom of figure Their depth must not exceed one fifth of the width of the
5-24, make it harder to thread the cable through thewood. Cable placed in notches or through studs is
holes and pull it into position. protected from nails and screws by a thin metal plate at

Cable can be placed into notches cut in the edge ofeast one-sixteenth inch thick, according to the NECO,
the framing members and studs, as shown in figureArticle 300-4, like those in figure 5-25.

<~ < o
PLATE WITH
NAILING
PLAIN PLATE
WITH SPURS
NAIL HOLES CABLE
] !
1O | AN
STUD
NUTCH

Figure 5-25.—Nonmetallic able installed in notches.
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Cable is installed through metal framing members could cause a short. This procedure will give you
in about the same way as it is in wooden ones. Eitherconductor ends 6 inches long in the box, as shown in
holes or slots are used and they must be cut, punched, ofigure 5-26. You need these ends so you can make
drilled at the factory or in the field. Normally, holes in  splices or attach devices or fixtures easily. Remember
metal members must have bushings or grommetdo anchor the cable within 12 inches of the box, as
inserted securely to prevent damage to the cableshown in figure 5-26.
covering. If holes or slots have been formed so that no
metal edge can cut or tear the cable insulation, bushing
or grommets are not needed. Use good judgment whe
deciding whether or not grommets are required. A steel
sleeve, plate, or clip must be installed for protection
wherever a cable might be punctured or cut by a nail or
screw.

Boxes without cable clamps require a little different
rocedure. After stripping the cable end, remove one of
he box knockouts. Then install a cable connector,

similar to the ones in figure 5-27, in the knockout hole.
Install the locknut so that it points inward to dig firmly
into the metal box as shown in figure 5-27. Put the cable
end through the connector to expose one-fourth inch of
The first step in wiring a building after the the outer cover, and then fasten it in place, as shown in
distribution panel or panels have been installed is, infigure 5-25.
most cases, to mark the location of the outlet boxes.

Then mount the boxes in blace unless th iina of After the free end of the cable is in the box, work the
P €ss the Mounting o 8,16 pack toward the other box. Run the cable along

box might interfere with hole boring or cable anchoring. the framing members, fastening it at points no more

Or;cre]: th? b?;](es_ a;e”mt_plac?,tr:nakeb][helneteﬁeiﬁ holisl %han 4 1/2 feet apart. When you get to the other box, cut
notches tor the installation of the cable. Install the Cabie e c5pje to length, allowing for 6 inches of free

by starting at the free end. Sirip, as a minimum, 6 InChesconductor in the box. Strip the outside covering, insert

of the outside covering from the cable end. If the box has o e end, fasten it to the box, and anchor it within
cable clamps, remove one of the knockouts and insert

. 12 inches of the box. To help avoid damage to the wires
the stripped cable end through the hole under the clampas wall coverings are being placed and other
until one-fourth inch of the cable cover extends beyond .\, ction is heing done, make sure you tuck back the
the clamp. Tighten the clamp to hold the cable firmly in

place, but be careful not to overtighten as this procedureeres into the outlet box.

LOCKNUT MOUNTING
TECHNIQUE

METAL NM BOX PLASTIC NM BOX
CONNECTOR CONNECTOR
06NP202
OENPO201 Figure 5-27.—Nonmetallic cable box connectors and
Figure 5-26.—Cable termination at box. mounting techniques.
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Look at figure 5-28. As you can see, most of these and install the receptacles, outlets, switches, lighting
cables are run through holes in the framing members fixtures, and covers.
When holes are involved, you must plan ahead for
easiest installation and the least waste. You would findFINISH WORK
it to be a little easier to run the cable between the two
duplex receptacle boxes in the figure if you put a carton ~ Once you begin the finish work, the first thing you
of cable near the box on the right and thread it throughneed to do is to make all ground connections.
the holes to the box on the left. For the circuits that runEquipment grounding is the grounding of all exposed
from the left duplex receptacle box and the switch box noncurrent-carrying metal parts of an electrical system
to the ceiling outlet, the carton of cable should be placedto the earth. Grounding is done to protect anyone who
under the boxes. Then you thread the cable up throughinight come in contact with these parts from being
the holes to the ceiling outlet. From these examples,shocked and also to protect equipment from damage.
you can see that you need to look at what is involvedGrounding is accomplished when all noncurrent-
before you start to run the cable for a circuit. After you carrying parts are connected to a grounding conductor
have completed the roughing-in phase of a project, your(or grounding has been achieved by other means, as
job comes to a halt for a time. In most cases, you shouldapproved by the NEC®©), and the grounding conductor
not start the finish work until the walls and ceilings are has been connected to earth at the service equipment or
completed; after which you can splice wires as neededpanelboard, as shown in figure 5-29. The equipment

Figure 5-28.—Nonmetallic cable installation.
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NEUTRAL
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RECEPTACLE

08NPO204

GROUNDINGY
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WIRE FOR
GROUNDING

GREEN HEX
GROUNDING
SCREW

Figure 5-29.—Duplex receptacle electrical connection with the grounding system.

ground does not normally carry current. The only time

it does is when there is a fault in the circuit. At all outlet

boxes that require grounding according to the NEC®O,
the equipment-grounding conductor must be fastened to
the box with either a grounding clip or a grounding

screw, as shown in figure 5-30.

When we speak of installing a device, we should be
aware that, according to the NEC®©, a device is the part
of an electrical system that is intended to carry, but not
use, electrical energy; for example, switches and
receptacles are devices. The grounded duplex
receptacle comes equipped with a green hex-head screw
to be used for connecting the ground wire. When more
than one receptacle is connected in a circuit, the NECO
requires that these receptacles be connected to the
grounding wire in such a way that the continuity of the
circuit equipment ground is not broken if the receptacle
is removed This grounding method is accomplished as
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OBNP0205
Figure 5-30.—Grounding clip and grounding screw.



BARE CIRCUIT
GROUNDING

GROUNDING
CLIP

HEX HEAD
NUT GROUNDING
TERMINAL

(A) (B)

06NP206
Figure 5-31.—Grounding methods: (A) More than one receptacle in line and (B) a single receptacle in a circuit.

shown in figure 5-31, view A. Figure 5-31, view B, that they can be wired from the back without using a
shows an example of how you can ground a singleterminal loop. This method is shown in figure 5-33.
receptacle in a circuit using a grounding clip. Now that you have made your terminal connections,
Grounding the receptacle in this way bonds the box,you install the device into its box and secure it with the
grounding wire, and receptacle, and precludes use of arscrews provided. The next step is to install the
additional jumper wire. receptacle cover plates. Cover plates will be installed

Now that we have_ r_nade the _ground connecti_ons,Elelf,ir{]ebo’I \évélgi?]%?%gtﬁ%lfﬁt\i’% 'Eshuerfgg:nmg, and will be
the next step of the finish work is to make terminal
connections. Properly made terminal connections are ~ When installing switches for interior wiring, you
important for several reasons. The operation of theuse single-pole, three-way, or four-way toggle switches.
circuit, prevention of tire, and safety of personnel all Most of the switches you use will be single-pole, but
depend on good electrical connections. Electricaloccasionally you will have to install a three-way
connections must be electrically and mechanicallysystem, and on rare occasions, a four-way system. Still
secure. There are two ways to make connections tcanother system of switching, called the low-voltage
devices: with or without using a terminal loop. The system, is coming into use.
method of using the terminal loop and screw is shown in
figure 5-32. Some receptacles and switches are made so

HOLES FOR
BASE
WIRING

NRNPN2NR
O06NP0207 . .
Figure 5-32.—Wire terminal loop. Figure 5-33.—Back-wired receptacle.
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Terminals A and A’ are the common terminals, and
switch operation connects them either to B or C and B'
or C', respectively. Either switch will operate to close or
open the circuit, turning the lights on or off.

By tracing the circuit in figure 5-35 from the source,
you can see that the hot wire goes to the first switch,
through the closed switch blade to the other switch by
way of the traveler, and through the closed switch blade
to the other switch by way of the traveler, and through
this switch to the light. If the position of either of the
switches is changed, the circuit is broken.

vl One or more four-way switches may be used with

two three-way switches to provide control of a lamp
from three or more different points. A four-way switch
swrcH [ NEUTRAL is an extension of a three-way circuit by the addition of a
BEMEE HOTWIRE four-way switch in series with the two traveler wires.
Figure 5-36, view A, shows how a four-way switch is
used in combination with two three-way switches to
control a lamp from three locations. By tracing this
circuit from the source, you observe the hot wire
connected to Switch C passing through Position 1,
which is closed. The hot wire continues to Point 4 on the
four-way switch (B). At this time the toggle on Switch
B is in the UP position, and contact is made from Point 4
to Point 3. The hot wire continues on through the
A single-pole switch is a one-blade, on-and-off traveler to Switch A, and through Position 2 (which is
switch that may be installed singly or in multiples of two closed) to the light.
or more in the same metal box. In wiring a single-pole

06NP0209
Figure 5-34.—Single-pole switch circuit.

switch, a general rule is a neutral conductor (white wire) SWITCH WIRE @ NEUTRAL .
should not be switched or used as one leg in a switch SOURCE
loop. This rule is easily followed in conduit systems but LiGHT —H*c,;»
does not apply to armored and nonmetallic sheathed
cable. Article 200-7 of the NEC®© contains the 4 l__l
exception to this rule. Figure 5-34 shows a single-pole 13 i G
switch circuit using nonmetallic sheathed cable. $ vy ereep. —p e

In a three-way switch circuit, you may turn a light @sw'TCH SWITCH
on or off from either of two positions. The typical ©
situation is one in which one switch is at the head of a A. TOGGLE DOWN

stairway and the other at the foot. Figure 5-35 shows
how the circuit functions. SWITCH WIRE r%‘l NEUTRAL .

SOURCE
LIGHT »
HOT
1¢ 1 2 2
I 3 4 2
2 FOUR-WAY SWITCH 1
®S\MTCH SWITCH
b4
C C' swircH B. TOGGLE DOWN
08NP0210 06NPU211
Figure 5-35.—Three-way switch circuit. Figure 5-36.—Four-way switch circuit.
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Suppose, now, that you want to turn the light off at '{%k}g{‘;
the four-way switch (B). By putting the toggle in the
OFF (down) position, you change the switch blades
from Points 1 to 2 and 3 to 4 to Points 1 to 4 and 2 to 3. -
(See fig. 5-36, view B.) If you now retrace the circuit TP —— TRANSFORMER
from Switch B to Switch A, you will find that it goes oty
from Point 4 to Point 1 on Switch B and through the
traveler to Switch A to Point 1 where the circuit is

broken by the blade being in the open position.

TO SWITCH
n 6 VOLT

SOURCE
DENP0212 110 VOLT

Note that three- and four-way switches may be used Figure 5-37.—Low-voltage relay and transformer.

as single-pole switches, and four-way switches may be

used as three-way switches. However, three- and four-

way switches are usually larger than single-pole

switches and take up more box room. The size of £rom excessive heat. They are sized according to the
switch depends on its ampacity (rated maximum number of relays they will power.

amperage). The ampacity and maximum allowable | the Jow-voltage system, as many switches as are
voltage are stamped on the switch and must beequired can be installed for any given light, or a master
considered when you order equipment for the job.  switch can be installed to turn on as many as eight lights
REMOTE CONTROL WIRING simultaneously. There is no necessity for three-way or

o _ four-way switches because the switches are connected
Remote control wiring provides a method of jn parallel.

controlling standard voltage devices through the use of
low voltage. They consists of relays, low-voltage
switches, and transformers. A low-voltage conductor CONDUIT SYSTEMS

cable is used instead of conduit or Romex. Low-voltage  As a CE, you will be called upon to install all types
wire is available as three, four, and multiple conductor of wiring systems. Unlike the electricians in civilian
cables. Multiple conductors are color coded to identify life who often specialize in the installation of specific
them. Roughing in a remote control wiring system usestypes, you have to be able to install any type. In most
many of the wiring techniques used with nonmetallic locations you will have to install wiring systems that
cables. require the added protection provided by conduit.
Conduits are of various types, such as rigid, flexible,
intermediate metal, PVC, and electrical metallic tubing
(thin-wall or EMT). As you read this section, you
should become familiar with the different ways of
bending, cutting, and threading; the fittings used; and
the different locations where they may be used.

Remote control relays have two coils (on or off)
with a common center tap. The use of two coils allows
the relay plunger to be moved positively in either
direction without the use of springs. When a push button
(switch) is turned ON, current will pass through the ON
coil and cause the movable core to shift into the ON
position. The contacts are closed in the load circuit andCUTTING AND THREADING

the light goes on. The same happens when the OFF 1o 56 of rigid conduit involves a good deal of

button is depressed. The current is passed through thgyiting and threading of lengths. It is best to cut with a
OFF coil and the core moves. The contacts open angy5cksaw or special conduit cutter. An ordinary

power to the light is turned off. The relay will 